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diverticula by definite closure of diverticula and robust 
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Background: Management of complex urethral diverticula (UDs) is challenging not only for the ostia 
detection and urethral reconstruction in surgery but also for the high risk of postoperative complications. We 
aimed to present the experience of surgical management for UDs by transvaginal partial diverticulectomy 
and urethral reconstruction.
Methods: The database of medical record library was retrospectively searched for patients 
underwent partial diverticulectomy for symptomatic complex UDs. During the surgical procedure, the 
cystourethroscopy was firstly performed to locate the diverticular ostium. The surgeon exposed and opened 
the diverticulum along its maximum axis. The surgeon recorded the location of ostia where saline solution 
flowed out, when one assistant pressed suprapubic region to increase inner-pressure of bladder and urethra. 
We focused on definite closure of diverticular ostia and robust urethral reconstruction.
Results: The present study included 39 patients with mean age of 45 years. There were 28 patients, 23 
patients and 21 patients suffering from recurrent urinary infection, frequency and urgency. Ten patients 
had stress urinary incontinence. All of the 39 patients had complex UDs because of U-shaped diverticula 
(24/39) and circumferential diverticula (15/39). Multiloculated UDs were detected in 17 out of 39 patients. 
During the median follow-up time of 2.0 (1.0–12.0) years, there was no case of de novo urinary incontinence. 
However, 2 patients still had mild stress urinary incontinence without additional treatment. At postoperative 
3 months, five patients had para-urethral cysts with the size ranging from 0.3 to 0.4 cm, which were absorbed 
in follow-up.
Conclusions: The method of transvaginal partial diverticulectomy, definite closure of diverticular ostium, 
and layered reconstruction of the urethra is a feasible surgical alternative for UDs.
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Introduction

Urethral diverticula (UDs) have been reported to affect 20 
out of 1,000,000 adult women per year (1). However, it is 
widely believed that the nonspecific and varied symptoms 
of UDs lead to under-reporting of the true data. The classic 
presentations of UDs are described as “3Ds” (dysuria, 
postvoid dribbling, and dyspareunia) (2). While UD patients 
are more likely to suffer from lower urinary tract symptoms 
(LUTS), recurrent urinary infection, and stress urinary 
incontinence (2). According to the published literatures, 
UDs are usually diagnosed after consulting with an average 
of 9 physicians within 5.2 years (3). Therefore, accurate 
diagnosis of UDs requires detailed disease history, physical 
examination, urethrovesical endoscopic examination, and 
targeted radiologic imaging (4).

According to the anatomic configuration, UDs are 
classified into simple, saddle shaped and circumferential 
types (5).  The saddle shaped, multiloculated, and 
circumferential types are also regarded as complex 
UDs, which increase difficulties of surgical treatment 
(5,6). Management of complex UDs is challenging not 
only for the ostia detection and urethral reconstruction 
during surgery but also for the high risk of postoperative 
complications (6). Preoperative acknowledgment of the 
anatomic configuration and selection of an appropriate 
surgical approach for UDs could reduce surgical difficulties 
and postoperative complications (4).

Several surgical approaches for UDs have been 
described (7). Transvaginal diverticulectomy is highly 
effective for symptomatic UDs with reported cure rate of 
more than 70% (8). Nickles et al. also reported suprameatal 
incision for anterior horseshoe-shaped UDs (6). Complete 
dissection of UDs is the classic surgical method, which 
brings extensive destruction to the urethra. And Martius 
flap interposition is selectively utilized because of 
extensive urethral defect after total diverticulectomy 
(6,9). Meanwhile, there are several surgical modalities 
concerning partial diverticulectomy, including endoscopic 
unroofing, fulguration, and transvaginal marsupialization 
(9-11). However, the above surgical methods of partial 
resection are limited by the applicability and fluctuated 
success rates (9-11).

In the present study, we would introduce a modified 
surgical technique of partial diverticulectomy for 
symptomatic complex UDs. After accurate locating the 
diverticular neck, we focused on definite closure of the 
diverticular ostia and robust urethral reconstruction, which 

contributed to continent function and low postoperative 
complications. This is the first report of surgical technique 
for management of symptomatic complex UDs in China. 
We present the following article in accordance with the 
STROBE Guideline.

Methods

Data source

The database of medical record library was retrospectively 
searched for  39  pat ients  who underwent  part ia l 
diverticulectomy for symptomatic and complex UDs from 
January 2002 to December 2018. Patients with simple UDs 
were excluded. We collected medical information including 
disease history, voiding diary, physical examination, 
transperineal ultrasound, cross-sectional postvoiding 
magnetic resonance imaging (MRI), and cystourethroscopy. 
The LNS C3 classification was used to describe UDs (12). 
Each letter of the “LNS C3” represents a characteristic of 
UDs: L describes location, N describes number, S describes 
size, and C3 describes configuration, communication, and 
continence. All surgical procedures were performed by the 
two surgeons (SW and YY). The surgical outcomes were 
assessed by overall operative time, estimated blood loss, 
hospitalization stay, surgical complications, and follow-
up outcomes. This study was approved by the Peking 
University First Hospital review board. Informed consent 
was obtained from all participants.

Surgical technique

P a t i e n t s  w e r e  p l a c e d  i n  l i t h o t o m y  p o s i t i o n  i n 
combination with slight trendelenburg position. First, 
the cystourethroscopy was performed to determine 
the distance between the bladder neck and the UD. 
Meanwhile, the location of a UD on the urethra was 
also recorded (Figure 1A). Usually, ostia of UDs could 
be detected at 5 o’clock and/or 7 o’clock of midpiece of 
the urethra by endoscopy (13). In this part, we used a 
12-degree rigid nephroscope with the water outlet at its 
front tip to examine the whole urethra. Therefore, the 
ostia would be opened and the diverticulum would be 
filled when the nephroscope was nearby, which facilitated 
detection of UDs. A urethral catheter was placed.

The surgeon infiltrated approximate 50 mL saline 
solution into the space between vagina and urethra to reduce 
bleeding. Then, an inverted U-shaped flap in full-thickness 
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Figure 1 Real pictures of the surgical procedure. (A) a cystourethroscopy was performed to determine the location of a diverticular 
ostia (marked with red circle); (B) an inverted U-shaped flap in full-thickness was separated from the anterior vaginal wall to expose the 
diverticulum; (C) the diverticulum was opened along the maximum axis to present its whole inner constitution; the surgeon would locate the 
diverticular ostia from transvaginal perspective, where the saline solution flowed out; (D) interrupted sutures with 4-0 Vicryl were performed 
to definitely close the diverticular ostium; (E) after de-epithelialization of the inner diverticular wall by electrocoagulation in low energy  
(20 Watt), interrupted sutures with 4-0 Vicryl was performed to close the remaining diverticular wall as imbrication; (F) the inverted U-shaped 
flap was stitched back with 4-0 Vicryl in continuous sutures.

B

E

C

F

A

D

was separated from the anterior vaginal wall to expose the 
UD (Figure 1B). Of note, periurethral fibromuscular tissue 
was not essential to be absolutely mobilized away, especially 
on lateral sides. We used low energy electrocution (20 W) 
in combination with blunt separation to minimize thermal 
injury of the urethra.

The UD was opened along the maximum axis to 
present its whole inner constitution (Figure 1C). At the 
moment, two small “S” shaped retractors would facilitate 
exposure. Careful exploration was performed, especially 

for multiloculated UDs. After 200 mL saline solution was 
injected into the bladder, one assistant pressed suprapubic 
region to increase inner-pressure of the bladder and urethra. 
The saline solution flowed towards the diverticular ostia 
through the urethra. The surgeon located the diverticular 
ostia from transvaginal perspective, where the saline 
solution flowed out (Figure 1C).

Electrocoagulation in low energy (20 W) and interrupted 
sutures with 4-0 Vicryl were performed to de-epithelialize 
and definitely close the ostia (Figure 1D). For large and 
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Figure 2 Pattern diagram of the surgical procedure. (A) An inverted U-shaped flap in full-thickness was separated from the anterior vaginal 
wall to expose the diverticulum; (B) the surgeon would locate the diverticular ostia from transvaginal perspective, where the saline solution 
flowed out; (C) the diverticulum was opened along the maximum axis to present its whole inner constitution; The surgeon would locate 
the diverticular ostia from transvaginal perspective, where the saline solution flowed out; (D) redundant diverticular wall was removed for 
pathologic examination to exclude malignancy; (E) after de-epithelialization of the inner diverticular wall by electrocoagulation in low 
energy (20 Watt), interrupted sutures with 4-0 Vicryl was performed to close the remaining diverticular wall as imbrication; (F) the inverted 
U-shaped flap was stitched back with 4-0 Vicryl in continuous sutures.
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multilocular UDs, the septa were bluntly separated to 
thoroughly expose the ostia. Redundant diverticular walls 
were removed for pathologic examination to exclude 
malignancy. Electrocoagulation in low energy (20 W) was 
used to de-epithelialize the remaining inner diverticular 
wall, which would be just large enough to cover the ostium 
in two layers.

Finally, the urethra would be closed and strengthened 
in three layers. First, interrupted sutures with 4-0 Vicryl 
were performed to close the remaining diverticular wall 

as imbrication (Figure 1E). The second step aimed to 
strengthen the urethra, especially for the weak part at 5 and 
7 o’clock of the midpiece. The periurethral fibromuscular 
tissue was fixed on the repaired UD with 4-0 Vicryl in 
interrupted sutures. Third, the inverted U-shaped flap 
was stitched back with 4-0 Vicryl in continuous sutures  
(Figure 1F). The pattern diagrams of the surgical procedure 
were presented in Figure 2.

Postoperatively, all patients received intravenous 
antibiotics for 3–5 days. Vaginal povidone-iodine gauze 
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Table 1 The demographic and clinical features of the study cohort

Indexes Number Percentage

Age, years

Mean ± SD 45.0±11.3

Disease duration, year

Median (range) 3.7 (0.1–10.0)

Recurrent urinary infection 28 76.3

Stress urinary incontinence 10 25.6

Frequency 23 59.0

Urgency 21 53.8

Dysuria 15 38.5

Hematuria 1 2.6

Postvoid dribbling 5 12.8

Dyspareunia 2 5.1

Urinary retention 2 5.1

Vaginal mass 8 20.5

Class 3Ds

Dysuria + dyspareunia 0 0

Dysuria + dribbling 1 2.6

Dyspareunia + dribbling 1 2.6

None of 3Ds 19 48.7

was removed 24 hours after surgery. Vaginal irrigation 
with diluted povidone-iodine was performed on the 
postoperative 4th day. Urethral catheters were removed on 
postoperative 21 days. The patients were instructed to avoid 
intercourse for postoperative 3 months. In the postoperative 
first year, the patients were required to be re-evaluated 
every 3 months in terms of symptom alleviation, physical 
examination and transperineal ultrasound.

Results

Patient characteristics

Overall, the present study included 39 patients with 
mean age of 45 (range: 24–78) years. The mean duration 
between initial symptoms and final diagnosis was 3.7 
(range: 0.1–10) years. There were 28 patients (76.3%), 23 
patients, and 21 patients (53.8%) suffering from recurrent 
urinary infection, urinary frequency and urgency, which 
were the most common symptoms of the study cohort  

(Table 1) .  Ten (25.6%) patients had stress urinary 
incontinence preoperatively. According to the classic 3Ds 
symptoms (dysuria, dyspareunia and dribbling), only 2 out 
of 39 patients had more than one symptom (dysuria and 
dribbling in one case; dyspareunia and dribbling in one 
case). As many as 19 out of 39 (48.7%) patients were free 
from any of classic 3Ds.

Characteristics of UDs

We diagnosed UDs mainly basing on cross-sectional 
postvoiding MRI. Meanwhile, the transperineal ultrasound 
was performed to record characteristics of UDs. The mean 
(SDs) size of UDs in the present study was 3.2 (1.3) cm  
(Table 2). There were 3 (7.7%), 9 (23.1%) and 23 (59.0%) 
patients having UDs located at proximal, midpiece and 
distal urethra. Another 4 (10.3%) patients had UDs 
extending whole length of the urethra. Multiple UDs 
were detected in 3 out of 39 patients. All of the 39 patients 



1033Translational Andrology and Urology, Vol 9, No 3 June 2020

  Transl Androl Urol 2020;9(3):1028-1036 | http://dx.doi.org/10.21037/tau-20-478© Translational Andrology and Urology. All rights reserved.

Table 2 Characteristics of UDs

Classification Number Percentage

Location

Midurethral 23 59.0

Distal 9 23.1

Proximal 3 7.7

Entire urethra 4 10.3

Number

Single 36 92.3

Multiple 3 7.7

Size, cm

Mean ± SD 3.2±1.3 (1.2–6.5)

≥3 cm 24 61.5

Configuration

U-shaped 24 61.5

Circumferential 15 38.5

Multiloculated 17 43.6

UDs, urethral diverticula.

were classified as complex cases because of U-shaped 
diverticula (24/39) and circumferential diverticula (15/39). 
Multiloculated diverticula were detected in 17 out of 39 
patients.

Surgical outcomes

Table 3 lists the surgical outcomes. The mean (SDs) 
operative time for the present surgical technique was 117.7 
(34.7) minutes, and the mean postoperative hospitalization 
duration was 5.3±1.2 days. During the median follow-up 
time of 2.0 (range: 1.0–12.0) years, the number of cases with 
dyspareunia and LUTS were 4 and 3. There was no case 
of de novo urinary incontinence. However, two patients still 
had mild stress urinary incontinence during the follow-up, 
which were alleviated by biofeedback of pelvic movement or 
pelvic floor exercise. At postoperative 3 months, five patients 
had postoperative paraurethral cysts with the size ranging 
from 0.3 to 0.4 cm, which were absorbed in follow-up. 
Urinary retention occurred in 1 case, which was alleviated 
by prolonged catheterization until postoperative 3 months. 
For surgical pathology, no malignant lesion was reported, 
but one patient had atypical epithelium at diverticular wall.

Discussion

Management of symptomatic UDs remains a challenge in 
terms of non-specific symptoms and surgical modalities with 
minimal invasion. According to the published literatures, it 
is the storage LUTS but not traditional triad of symptoms 
(3Ds) that disturb most of the UD patients (2,3). In the 
present study, we made final diagnosis mainly basing 
on disease history, physical examination, transperineal 
ultrasound and MRI (14-16). Post-voiding MRI provides 
superb soft tissue contrast and is considered an ideal 
technique for delineating UDs. However, it is associated 
with higher cost and has some contraindications (5). In our 
center post-void MRI and transperineal ultrasound were 
performed for UD patients preoperatively. And ultrasound 
presentations correlated well with surgical findings, 
including location, configuration, septum, calcification, 
etc. (17,18). Meanwhile, transperineal ultrasound was also 
applied during follow-up. The repair of UDs began on 
cystourethroscopic examination (15). In this step, a rigid 
nephroscope with the water outlet at its front tip was used. 
Not only the location of a diverticular ostium on the urethra 
was recorded, but also the diverticulum was filled up to 
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extend, which facilitated transvaginal diverticular detection 
in the following surgical procedure. In our experience, most 
of UDs locate at 5 and 7 o’clock of the mid-distal urethra, 
where distributes paraurethral glands.

Numerous surgical modalities of diverticulectomy 
to utmost restore urethral function have been reported, 
including total excision of the diverticular wall, the Spence 
procedure, Martius flap interposition, and so on (6,9-
11,16-20). In Reeves et al. study, total dissection of the 
diverticulum was performed (9). And Martius flaps were 
interposed for cases with large defect (9). Nickles et al. 
conducted urethral transection and end-to-end anastomosis 
for the complex UDs (6). In our encountered series, the 
surgical technique had been implemented in all types of 
diverticula in terms of the location (proximal, midpiece 
or distal urethra), the number (single or multiple), and 
the configuration (U-shaped diverticula, circumferential 
diverticula or multiloculated diverticula). Our surgeons 
focused on definite closure of the ostia of UDs and 
strengthened urethral reconstruction. In our opinion, 
absolute closure of the communication between the urethral 
lumen and diverticular sac plus partial diverticulectomy not 
only enhanced curative rate but also decreased postoperative 
complications, for instance fistula, urinary incontinence, 
etc. (19). The diverticulum was opened along its maximum 
axis. After 200 mL saline solution was injected into bladder, 
one assistant pressed suprapubic region to increase inner-
pressure of the bladder and urethra. The saline solution 
would flow towards the diverticular ostia through urethra. 

The surgeon would locate the diverticular ostia from 
transvaginal perspective, where the saline solution flowed 
out. Therefore, the communication between the diverticular 
lumen and the urethra could be definitely closed.

Surgical site infection is one of the most common early 
postoperative complications (9). In Reeves et al. study, one 
urinary tract infection and one Martius graft infection 
occur in 89 patients (9). In our series, all patients received 
intravenous antibiotics for 3 to 5 days. Vaginal povidone-
iodine gauze was removed 24 hours after surgery. Vaginal 
irrigation with diluted povidone-iodine was performed on 
the postoperative 4th day. None postoperative infection was 
recorded. Meanwhile, in Reeves et al. study, three patients 
(3.4%) had recurrent residual UDs following surgery (9). 
In our study, at postoperative 3 months, five patients had 
paraurethral cysts with the size ranging from 0.3 to 0.4 cm.  
According to the transperineal ultrasound during the 
follow-up, the paraurethral cysts were effusion or hematoma 
between the sutured diverticular walls and the closed ostia. 
The effusion or hematoma were absorbed in follow-up. 
And no accompanying LUTS were recorded. According 
to the published literatures, the overall successful rate for 
transvaginal excision of UD is about 90% (18). Of note, 
absolute removal of diverticular walls was done in almost all 
of the previous studies (18). Therefore, the surgical method 
of partial excision of diverticular walls had a comparable 
cure rate with total excision of diverticular walls. In our 
mind, partial diverticulectomy not only minimized surgical 
trauma but also strengthened the urethra by remaining 

Table 3 Surgical outcomes

Indexes Number Percentage

Operative time, minutes

Mean ± SD 117.7±34.7

Postoperative hospitalization, days

Mean ± SD 5.3±1.2

Follow-up duration, years

Median (range) 2.0 (1.0–12.0)

Postoperative symptoms

LUTS 3 7.7

Stress urinary incontinence 2 5.1

Dyspareunia (mild) 4 10.3

Paraurethral cyst on ultrasound 0 0

LUTS, lower urinary tract symptoms.
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diverticular wall.
Stress incontinence often coexists in 10–57% women 

with UDs. And one of the most important indexes to 
evaluate surgical efficacy is postoperative continent 
function. Based on published studies, the occurrence rates 
of stress urinary incontinence after surgical treatment 
for UDs range from 1.7% to 16.1% (21). Although  
de novo stress urinary incontinence after the surgery is 
not rare, most of the cases belong to mild type (19). The 
rate of postoperative incontinence was 18.2% in urethral 
transection plus end-to-end anastomosis by Nickles et al. (6)  
and 14.6% in total dissection of UDs by Reeves et al. (9).  
In the present study, stress urinary incontinence was 
recorded in 10 (25.6%) patients preoperatively. However, 
2 (5.1%) patients still had mild stress urinary incontinence 
during the follow-up, which were treated by biofeedback 
of pelvic movement or pelvic floor exercise. In the opinions 
of our surgeons, partial diverticulectomy preserved 
periurethral supported fibromuscular tissue, especially 
the sphincter complex for the UDs at proximal urethra 
and the UDs extending whole length of the urethra (19). 
Furtherly, the remaining diverticular walls, periurethral 
supported fibromuscular tissue, and the separated vaginal 
flaps made the strengthened urethral reconstruction. 
Meanwhile, the surgeons in our center suggested staged 
instead of simultaneous sling placement for stress urinary 
incontinence. First, more than half of preoperative urinary 
incontinence could be alleviated after the diverticulectomy 
plus urethral reconstruction. In Reeves et al. study, twenty 
out of 32 patients had urinary incontinence cured after 
UD excision (5). Meanwhile, partial diverticulectomy 
allows periurethral supported fibromuscular tissue to be 
preserved, which is essential to protect urethral continent 
function (19). Second, increasing risk of infection is another 
concern, especially when the urethra is entered during 
diverticulectomy.

The limitation of this study is its relatively small sample 
size and retrospective characteristics. Meanwhile, lack of 
comparison from a control group by traditional surgical 
method is another limitation.

Conclusions

Management  of  symptomatica l ly  complex  UD is 
challenging. Transvaginal partial diverticulectomy, definite 
closure of diverticular ostia, and layered reconstruction 
of urethra have excellent urethral function protection and 
favorable surgical outcomes. Comparison of the present 

surgical technique to classic modalities is imperative to 
further evaluate its efficacy.
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