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Experience in conversion of
symptomatic urethral diverticulum
to asymptomatic status through
surgery
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Symptomatic urethral diverticulum (UD) is a rare disease typically treated with complete surgical
resection, which often involves significant trauma and higher postoperative complication rates. This
study introduces a surgical concept to convert *Symptomatic” UD into “Asymptomatic” UD. In our
study, we retrospectively analyzed 21 symptomatic female UD patients treated at our center between
January 2018 and May 2023, collecting baseline demographic and clinical data. All patients underwent
diverticulectomy or partial resection and were followed postoperatively. Mean surgery time was

75.67 £28.85 min, with an average blood loss of 25.52 +10.69 ml. The median hospital stay was 6 days
(interquartile range 3.5-7 days), and the median catheterization time was 15 days (interquartile range
14-21 days). According to the Clavien-Dindo classification, most complications were minor (Grade

1=2 patients, Grade 2 =1 patient, above Grade 3a=1 patient). Pre- and post-operation UDI-6 and

QoL questionnaires showed that symptoms involved in Q1-4 all improved after surgery (P<0.05) and
quality of life score also increased (P <0.05). The "symptom cure rate" reached 76.2%, suggesting that
our surgical approach may offer a minimally invasive and effective option for managing UD.

Keywords Urethral diverticulum, Asymptomatic, Stress urinary incontinence, Symptom cure rate,
Complications

Female urethral diverticulum (UD) is a rare condition, affecting approximately 1% to 6% of adult women', while
symptomatic UD is even rarer. The classic symptoms of UD—referred to as the “3Ds” (dysuria, dyspareunia, and
post-void dribbling)—are observed in only 5% of cases®. Due to the lack of typical symptoms, many clinicians
fail to consider the diagnosis of UD and thus neglect related auxiliary examinations, leading to misdiagnosis and
mistreatment.

Diagnostic methods for UD include post-void magnetic resonance imaging (MRI)?, urethrocystography,
computed-tomographic voiding urethrography (CTU), and transvaginal ultrasound. The primary treatment
remains surgical resection of the diverticulum. Certain complex cases of UD, characterized by deep location,
multilocular structures, or circumferential configurations, pose significant challenges for complete resection.
Attempting full removal in such cases can result in severe complications, including bleeding, urethral sphincter
damage, urethral stricture, and urethrovaginal fistula. Approximately 10-60% of patients with UD also have
stress urinary incontinence (SUI)%. Some patients are implanted with a synthetic mesh, resulting in erosion of
the synthetic mesh, infection, and no relief of symptoms”.

In this study, we conducted a retrospective analysis of symptomatic UD cases managed at our center, with a
focus on complex cases. We also introduce the treatment concept and surgical methods aimed at transforming
symptomatic UD into asymptomatic UD, potentially reducing surgical trauma and associated complications.

Results
A total of 21 patients with symptomatic UD were included in the study, with a mean age of 50.38 +8.96 years.
Symptom duration ranged from 12 to 25 months, with a median of 18 months. In our study, the most common
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symptom was postvoid dribbling (n = 16), followed by frequency (n=13) and 10 patients had SUI Other detailed
clinical information of the patients was provided in Table 1.

A Limited LNS C3 grading system was used to summarize the characteristics of UD including the location,
number, size, and configuration, communication, and continence (Table 2). According to the grading system,
we can make a preliminary assessment of the complexity of UD and the ease of operation. As mentioned in
“Methods”®, there were a total of 19 cases of complex UD in our study. Figure 1 shows the representative MRI,
urethrogram and pelvic CT after urethrography.

All patients underwent surgery under general anesthesia. Mean surgery time was 75.67 £28.85 min and
mean blood loss was 25.52+10.69 ml. Median hospital stay time was 6 days (interquartile range 3.5-7 days).
Median catheterization time was 15 days (interquartile range 14-21 days) and median residual urine after
catheter removal was 6 ml (interquartile range 5-10 ml). Clavien-Dindo classification system was used to assess
the postoperative complications. 2 patients had Grade 1 postoperative complications (fever) and 1 patient had
Grade 2 complication (Overactive bladder after catheterization). Overactive bladder (OAB) symptoms relieved
after the administration of M receptor blockers. One patient had wound infection and was classified as a Grade
3a complication. The wound healed after retaining the catheterization again and strengthening the dressing and
disinfection.

As mentioned above, all the patients were followed postoperatively. Of the 10 patients with preoperative
SUL only 2 had persistent incontinence after urethral diverticulectomy (2/10, 20%), and the other 8 patients’
symptoms were relieved. Only 1 patient had De novo SUI (1/11, 9.1%) and was cured after oral duloxetine.
Fistula and urinary retention occurred in 1 patient respectively accompanied by recurrent urinary tract
infections. Dilatation of the urethra was performed and the patient was followed up for one year without
dysuria or urinary retention. The patient with urethrovaginal fistula underwent fistula repair and the symptoms
disappeared. Overall, “Symptom cure rate” was as high as 76.2%. Although 9 patients had residual diverticulum
or recurrence at imaging review, none of them had clinical symptoms. Perioperative characteristics and long-
term complications were summarized in Table 3. Pre- and post-operation UDI-6 and QoL questionnaires show
that symptoms involved in Q1-4 all improved after surgery (P<0.05) and quality of life score also increased
(P<0.05) (Table 4).

Patient demographics (n=21) Results
Age (years), mean (SD) 50.38+£8.96
BMI (kg/m?), mean (SD) 22.78+2.56
Duration of symptoms (mos), median (IQR) | 18 (12-25)
PVR (mL), mean (SD) 5.67+3.93
Qmax (mL/s), mean (SD) 21.71+4.77
Vaginal delivery

0 1

1 15

2 4

3+ 1
Smoking 2
Post-menstruation 12
History of sexually transmitted diseases 2
Diabetes mellitus 4
Chronic steroid use 2
Autoimmune disease 2
Clinical symptoms Patients, n
Dysuria 2
Dyspareunia 4
Postvoid dribbling or pus 16
Mass 8
Pelvic pain 1
Frequency 13
Recurrent urinary tract infections or 8
urgency
Stress urinary incontinence 10
Nocturia 4
Vaginitis 7
Postvoid hematuria 3

Table 1. Baseline demographic and clinical data. BMI body mass index, SD standard deviation, IQR

interquartile range, PVR post-voided residual volumem Q, . maximun flow rate.
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Classification Results (n)
Location

Midurethral 10
Distal 5
Proximal 4
Full length 2
Configuration

Single 12
Multiloculated 5
Saddle shaped 4
Communication

Midurethral 10
No communication visualised | 6
Distal 4
Proximal 1
Continence

Stress urinary incontinence 10
Continent 10
Postvoid dribble 16
Mixed incontinence 12

Table 2. Limited LNS C3 classification of urethral diverticula. LNS C3 location, number, size, and
conﬁguration, communication, and continence.
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Fig. 1. Representative MR, urethrogram and pelvic CT after urethrography. a Urethrogram of one patient; b
Pelvic CT after urethrography showed a horseshoe-shaped UD; ¢ A sagittal MRI T2 weighted image of one
patient, UD showed hyperintensity; d A transverse MRI T2 weighted image showed a circumferentially UD.
The arrows indicate the urethral diverticula.
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Parameter Results
Surgery time (minutes), mean (SD) 75.67 +28.85
Estimated blood loss (ml), mean (SD) 25.52+10.69
Hospital Stay (days), median (IQR) 6(3.5-7)
Duration of catheter retention (days), median (IQR) 15 (14-21)

Residual urine after catheter removal (mL), median (IQR) | 6 (5-10)

Postoperative complications according to Clavien-Dindo classification,

n (%)

Grade 1 2(9.5%)
Grade 2 1 (4.8%)
Grade 3a 1 (4.8%)
Grade 3b 0

Grade 4 0
Long-term outcomes, n (%)

Dry, resolved 17 (81%)
Persistent SUI 2/10 (20%)
De novo SUT 1/11 (9.1%)
Urinary retention 1 (4.8%)
Recurrence (asymptomatic) 9 (42.9%)
Fistula 1 (4.8%)
Dyspareunia 0
Recurrent UTI 2(9.5%)
Symptom cure rate 76.20%

Table 3. Perioperative characteristics and long-term outcomes. SUI stress urinary incontinence, UTT urinary
tract infection.

Questionnaire (UDI-6) Pre-operation (95% CI) | The latest follow-up (95% CI) | P

Q1 Frequent urination (0-3) 2(1.24,2.38) 1(0.29, 0.76) 0.0007
Q2 Urine leakage related to urgency (0-3) 1(0.71, 1.86) 0 (0.07, 0.60) 0.0093
Q3 Stress urinary incontinence (0-3) 1(1.05,2.28) 0(0.18, 0.87) 0.0047
Q4 Small amounts of urine leakage (drops) (0-3) | 3 (1.89, 2.87) 0(0.11, 0.55) <0.0001
Q5 Difficulty emptying your bladder (0-3) 0 (-0.01, 0.48) 0(0.07, 0.60) 0.6597
Q6 Pain (0-3) 0 (0.09, 0.77) 0 (0.08, 0.50) 0.7718
QoL (0-6) 5 (4.55, 5.46) 1(0.92, 1.46) <0.0001

Table 4. Pre- and post-operation questionnaire. CI confidence interval, UDI-6 QI-6 urogenital distress
inventory short form, questions 1-6, QoL Questionnaire quality of life score.

Discussion
As shown in Table 1, female UD primarily affects older women (mean age, 50.38 +8.96 years), which may be
linked to estrogen decline and paraurethral gland infections commonly seen in this age group, consistent with
previous reports in the literature’. Additionally, symptom duration ranged from 12 to 25 months (median,
18 months), possibly due to the tolerance of Chinese patients to mild symptoms like postvoid dribbling and
urinary frequency. Many patients do not seek medical attention until their symptoms are severe enough to affect
their quality of life. Typical “3D” symptoms were also rare among the patients in our study. Lack of sexual activity
among Asian women over 50 years of age may account for the low prevalence of “dyspareunia”. The proportion of
patients with postvoid dribbling or pus is high due to our familiarity with the disease and targeted inquiry. Pelvic
pain, vaginitis and recurrent urinary tract infections or urgency may be caused by combined infection after UD.
In this study, 10 patients presented with concurrent stress urinary incontinence (SUI). UD-related SUI may be
a clinical artifact, potentially stemming from one of the following mechanisms: intrinsic sphincter deficiency due
to UD-induced distortion of the sphincter unit, urge urinary incontinence caused by infectious UD, or sudden
drainage of the diverticulum fluid content during increased intrabdominal pressure (cough, straining, etc.)s.
Currently, whether to perform anti-incontinence surgery at the time of urethral diverticulum resection is still
controversial. Sarah E. Bradley et al. reported that autologous pubovaginal fascial sling (APVS) was performed
at the time of urethral diverticulectomy to improve symptoms of urinary incontinence’. However, this method
is traumatic and difficult for urologists and gynecologists to master, which increases the risk of de novo urinary
incontinence and fistula. Placing a synthetic sling while diverticulectomy may lead to infection and fistula, so it’s
avoided or even forbidden by most surgeons. Early in 2014, pre-existing urodynamically proven SUI resolves in
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50% of patients after excision of the diverticulum with Martius labial fat pad interposition without the need for
further treatment °. Natalie Jacox et al. reported that 14 (56%) of the 25 patients with resolution of previously
existing SUT postoperatively had no concomitant slings, and it is possible that the scarring from the surgical
incision site may have provided adequate support for the urethra to prevent leakage of urine!’. We agree with
this view and use modified figure-of-eight sutures during the surgical procedure. Our study showed that 8 (80%)
of the 10 patients’ pre-existing SUI disappeared without concomitant anti-incontinence surgery.

For diagnosis, transvaginal ultrasound is our preferred examination method, offering a cost-effective and
convenient option for outpatient screening'!. As a recommended examination before surgery, postvoiding MRI
is of great help in judging the size, position and configuration of diverticulum, as well as the surgical approach,
degree of difficulty, and possible postoperative complications 2. Seth et al. identified risk factors based on MRI
findings for de novo SUI as diverticulum larger than 3-4 cm, proximal location of the UD, and horseshoe or
circumferential configuration'®. Videourodynamics was only recommended for UD with SUI and not available
in many primary medical institutions'?. We found that the diagnostic sensitivity of CTU and voiding urography
was not high, and some diverticula were not visualized.

Traditional surgical methods advocate complete exposure and resection of the diverticulum. To prevent
urethrovaginal fistula, some surgeons use a right Martius graft on a vascular pedicle to fill the defect after
diverticulum excision in the prone position. In our clinical practice, we have found that the trauma of complete
exposure of complex UD is large, and some patients need to expand the incision or even split the pubis', which
leads to more bleeding and damages the proximal urethral sphincter, reasulting in De novo SUI. Although
the diverticulum was completely removed, the symptoms increased or worsened after the operation. For distal
urethral lesions, the transvaginal marsupialization technique introduced by Spence and Duckett has been noted
to reduce operative time, minimize blood loss, and lower recurrence rates'®7. However, it is critical to avoid
overly extending the incision proximally, as this could lead to vaginal voiding or potential injury to the proximal
and distal sphincteric mechanisms, resulting in de novo SUI. Another noteworthy complication associated
with this procedure is the potential formation of a pseudoseptum between the urethra and anterior vaginal
wall in sexually active women, which may cause dyspareunia. Consequently, the Spence-Duckett technique is
generally reserved for select cases of UD affecting the distal third of the urethra and is infrequently utilized
in clinical practice'®. In our approach, we applied a modified surgical procedure with multi-layer, misplaced
figure-of-eight sutures to improve patient symptoms and reduce risks of de novo SUT and vaginal fistula. Table 3
showed that mean surgery time was 75.67 +28.85 min, and mean blood loss was only 25.52 +10.69 ml (no blood
transfusions). Clavien-Dindo classification showed that there was no postoperative complications above grade
3b. Long-term outcomes showed that “Symptom cure rate” was as high as 76.2% and only 1 patient had De novo
SUI (1/11, 9.1%). Although 9 patients had residual diverticulum or recurrence at imaging review, the patients
changed from symptomatic UD to asymptomatic UD probably due to electrocautery of the diverticulum wall
and closure of the diverticulum ostium. Our concept and surgical procedure might be more suitable for proximal
UD and complex UD.

As female UD is a rare condition, and symptomatic UD is even rarer, only 21 patients met the inclusion
criteria at our center between January 2018 and May 2023. We acknowledge that the small sample size may
reduce the statistical power and increase the risk of error. Further studies with larger cohorts and multicenter
collaboration are necessary to validate and generalize our findings.

Conclusion

This study presents a novel concept to convert “Symptomatic” UD into “Asymptomatic” UD which can reduce
surgical trauma and postoperative complications. Although the current study shows that the results are optimistic
and that patients benefit, prospective studies with larger sample sizes and controlled studies of different surgical
methods are still needed.

Methods

Patients

The study is approved by our Institutional Review Board (Clinical trial identifier: 2024644) and is performed in
accordance with relevant guidelines. We confirm that informed consent was obtained from all participants and/
or their legal guardians. We retrospectively collected the clinical data of 21 symptomatic female UD patients
who underwent diverticulectomy from January 2018 to May 2023. Baseline demographic and clinical data were
recorded. All the patients had at least one clinical symptom, such as SUI, recurrent urinary tract infection,
postvoid dribbling, vaginal wall mass, dysuria, and so on. Asymptomatic UDs should be excluded.

For the patients included, at least one of MRI, CTU, cystourethrography, or transvaginal ultrasound was
performed to determine the size, location, and structure of the diverticulum. And then, a Limited LNS C3
(location, number, size, and configuration, communication, and continence) grading system was used to classify
the UD'. UD located unilaterally (left or right) was classified as simple and was regarded as complex when it
was proximally located, loculated, larger than 3 cm in diameter, associated with prior pelvic or vaginal surgery,
or horseshoe-shaped or circumferentially enfolds the urethra on a transverse image, multiple diverticula®. In
addition, PVR and Q,__were conducted to identify neurogenic bladder or bladder outlet obstruction (BOO).
Patients with radiographic suspicion of urethral diverticula carcinoma were excluded from the study and
received antineoplastic therapy.

Surgical methods
All surgeries were conducted under general anesthesia. Cystourethroscopy was used to identify the ostium of the
UD with the patient in the lithotomy position. Upon locating the ostium, its position was marked on the anterior
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vaginal wall, and a guide wire could be placed for guidance (Fig. 2a.). For some proximal or complex UD, the
patient may be changed to the prone position for easy exposure of the field of view (Fig. 2b.).

A n-shaped, anterior vaginal wall incision was made and periurethral fascia was fully dissociated (Fig. 2c.).
Contrary to traditional practice, for the complex UD that was difficult to dissociate, we did not blindly pursue
the complete liberation of the diverticulum, but directly open the wall of the diverticulum and visually find the
ostium of the diverticulum. If the ostium was not obvious, a guide wire or urethral water injection test could be
assisted (Fig. 2d and Supplementary Video S1 online). The diverticulum ostium and part of the urethral wall
were removed in a circular shape like removing the fistula and closed by suture in the parallel urethral direction.
The diverticulum wall was stripped as much as possible under the premise of preserving the urethral sphincter
mechanism. The remaining wall was cauterized by electrotome (Fig. 3a.). Then, two-layer malposition suture was
used to prevent the occurrence of urethrovaginal fistula, and figure-of-eight suture (Fig. 3b. and Supplementary
Video S2 online) that effectively approximate the sphincter muscle and the vagina was used to prevent urinary
incontinence?. Finally, n-shaped vaginal flap covered the wound and was sutured tightly.

An F12/14 catheter was placed postoperatively and antibiotics were administered for 3 days. Surgery time,
estimated blood loss, hospital stay time, duration of catheter retention, PVR after catheter removal was recorded
respectively. According to Clavien-Dindo classification system?!, postoperative complications were graded.

Follow-up

All the 21 patients were followed postoperatively at 1 week, 3 weeks, 3 months, 6 months, and yearly thereafter.
PVR after catheter removal, de novo SUI rate, persistent SUI rate and occurrence of complications were
evaluated respectively. “Symptom cure rate” was defined the proportion of patients with symptomatic UD that
became asymptomatic post-operation. Additionally, patients were assessed with Urogenital Distress Inventory
questionnaire (UDI-6) and Quality of Life (QoL) questionnaires before surgery and at the latest follow-up after
surgery?2. During the follow-up, patients with complications were treated promptly and followed up continuously.

Fig. 2. Intraoperative photos of key steps. a A wire placed for guidance to the ostium of UD; b Prone position
for easy exposure of the field of view; ¢ A n-shaped, anterior vaginal wall incision; d. Urethral water injection
test.
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Fig. 3. Schematic diagram of UD excision and sutures. a Remaining wall of complex UD was cauterized by
electrotome; b Figure-of-eight suture. Gray bar is intended to indicate that the 1 (needle entry) and 4 (needle
exit) points are not in the same plane.

Statistical methods
SPSS version 25.0 was used for statistical analyses. Normality and homogeneity of variance were assessed before
data analysis. Continuous variables were presented as medianz+standard deviation (SD) and interquartile
range (IQR). Categorical variables were reported as frequencies (%) and percentages. The Wilcoxon test was
used to compare the differences between pre- and post-operative questionnaire scores. P<0.05 was considered
statistically significant.

Data availability
All data supporting the results of our study are available from the corresponding author on reasonable request.
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