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Introduction

Repair ofproximal hypospadias (PH)with severe curvature (SC)
remains a challenging surgical procedure.1 The incidence of
postoperative complications remains high in these patients.
Postoperative complications of PH includebut arenot limited to

urethral fistula, stricture, diverticulum, and residual chordee.2

Correction of these complications often require reoperations.3

Themanagementof urethral stricture is adifficult problem, and
it may require urethroplasty or multiple operations.4

The occurrence of urethral strictures after PH with SC
repair may be associated with many risk factors, and
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Abstract Introduction The aim of this study was to evaluate whether prolonged stenting
reduces the risk of urethral stricture after proximal hypospadias (PH) with severe
curvature (SC) repair.
Materials and Methods We prospectively studied a cohort of patients with PH with
SC repair who underwent urethral plate transection and urethroplasty between
January 2010 and December 2020. According to the duration of stenting, the patients
were divided into 2-, 4-, and 6-week groups. Postoperative complications and time of
urethral stricture occurrence were analyzed.
Results In total, 665 patients were included in the analysis. The overall incidence of
complications was 26.6% (n¼177), including 42 cases of urethral strictures: 27 (64.3%)
cases of urethral stricture occurred between 4 and 6 weeks after urethroplasty, 7 cases
occurred between 7 weeks and 6 months after urethroplasty, 7 cases occurred more
than 6 months after urethroplasty, and 1 case occurred at 3 weeks after urethroplasty.
The incidence of urethral stricture in the 6-week group (1.8%) was significantly lower
than that in the 4- (5.8%) and 2-week groups (10.9%) (p<0.05).
Conclusion Prolonged stenting reduces the risk of urethral stricture in PH with SC
repair. Four to six weeks after PH with SC repair may be the key period for the formation
of early urethral strictures.
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Cimador et al reported that postoperative urinary drainage is
an important factor for preventing urethral strictures.3 Kar-
akaya et al considered that urethral stenting after hypospa-
dias repair can prevent complications, such as urethral
stricture, urethrocutaneous fistula, and urinary retention.5

However, there is no consensus regarding the duration of
stenting in patients with PH with SC. Huang et al reported
that urethral strictures mainly occur at the junction of the
neourethra and native urethra in patients with PH.6 Prema-
ture removal of the urethral stentmay result in extravasation
of urine, resulting in local scarring and urethral stricture.7

Tang et al reported that urethral stricture mainly occurs in
the early stage after hypospadias repair.8 These patients with
urethral stricture usually require transurethral treatment,
and repeat transurethral manipulation may create a cumu-
lative tissue injury.9

Wehypothesized that prolonging the duration of stenting
for PHwith SCmay reduce the incidence of urethral stricture
without increasing other postoperative complications. In
this study, we used a prospectively maintained database to
test this hypothesis by documenting the incidence of post-
operative urethral strictures and other complications. More-
over, we recorded the time of occurrence of urethral stricture
after PH with SC repair.

Materials and Methods

Study Design and Patients
All patients diagnosed as having PHwith SC were enrolled in
this prospective, observational study from January 2010 to
December 2020. PH with SC was defined as the urethral
meatus located on the proximal shaft, penoscrotal, perineal,
and curvature more than 30degrees after penile degloving
(curvature is determined at the time of surgery using an
artificial erection test).10 The inclusion criteria were as
follows: 1) patients who underwent transection of the
urethral plate for correct SC and urethroplasty (Duckett’s

or staged urethroplasty); 2) patients in whom a suitably
sized single-lumen silicone catheter was passed into the
bladder for bladder drainage during the operation and
secured to the glans traction suture (►Fig. 1) patients with
a follow-up period of 12 months after urethroplasty. The
exclusion criteria were as follows: 1) patients with a
history of penile surgery; 2) those with missing data;
and 3) those in whom the stents fell out prior to the
expected date of removal, stents tore, or stents were not
removed at the schedule time. This study was granted by
the Ethics Committee of Shenzhen Children’s Hospital
(2009039).

Surgical technique to correct the curvature: penile
degloving was performed, and the tethered tissue in the
ventral region was removed. And then the degree of curva-
ture was reassessed, and the urethral plate was transected
when SC persisted. Dorsal plication procedure was per-
formed when the urethral plate transection was inadequate
to straighten the penis.

Patients underwent stent urinary drainage for 2, 4, or
6 weeks depending on the the choice of the surgeons.
According to the duration of stenting, the patients were
divided into 2-, 4-, and 6-week groups. The 2-week group
was defined as urethral catheters removed at postoperative
week 2. The 4-week group was defined as follows: 2 weeks
after urethroplasty, urethral catheters were removed from
the bladder and changed to a short stent tube (►Fig. 1C). The
proximal end of the short stent tube exceeded the level of the
junction of the neourethra and native urethra, and the distal
end of the short stent tube was secured to the glans traction
suture for 2 weeks. Under local anesthesia (5% compound
lidocaine cream), using the original glans suture to fix the
short stent tube. Similarly, the 6-week group was defined as
follows: 2 weeks after urethroplasty, urethral catheters were
removed from the bladder and changed to a short stent tube
for 4 weeks. Patients were discharged approximately 1 week
after urethroplasty.

Fig. 1 View of the single-lumen silicone catheter and its placement after hypospadias repair.
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Data Collection and Definitions
We prospectively collected patient demographics, the preop-
erative meatal position, degree of penile curvature, length of
the neourethra, duration of stenting after urethroplasty, stent-
related anomalies (stent removal, tearing, or obstruction), and
postoperative complications. Complications were defined as
problems that required surgical correction during the study
period. Complications included urethral stricture, urethrocu-
taneous fistula, urethral diverticulum, recurrent ventral cur-
vature, and glans dehiscence. Urethral stricturewas defined as
obstructive voiding symptomsandurethral narrowing smaller
than 6 French. Recurrent ventral curvature was defined as
more than 15degrees after the initial repair.

Follow-Up
All patients were reassessed 2 weeks after urethroplasty and
at 2 weeks, 4 weeks, 12 weeks, and 12 months after stent
removal. In the 4-week group, stents were removed at
4 weeks after urethroplasty, whereas in the 6-week group,
stents were removed at 6 weeks after urethroplasty. Follow-
up visits were conducted annually. Micturition and penile
erection were evaluated, and patients with stent removal
underwent uroflowmetry during the follow-up period. The
patient’s guardianwas informed that if the stent showed any
abnormality, the patient should visit the outpatient clinic.

Statistical Analysis
Categorical variables are presented as frequencies and per-
centages (%), and Pearson’s chi-square was used to analyze
the data, where appropriate. Continuous variables are pre-
sented as mean� standard deviation, and continuous data
were analyzed using Student’s t-test or covariance analysis.
Statistical analyses were performed using SPSS, version 22.0,
and statistical significance was set at p-value less than 0.05.

Results

In total, 732 patients were enrolled in this study, of which 67
patients were excluded from the study for the following

reasons: 24 patients had missing data, 20 patients had their
stents fall out prior to the expected date of removal, 18
patient did not have their stents removed on schedule, and 5
patients had instances of stent tearing. Thus, 665 children
were included in the final analysis. The mean age of the
whole cohort at initial surgery was 35.7�20.4 months. The
mean length of the reconstructed neourethra was
4.52�0.88 cm. The median follow-up period was 46 months
(range: 13–121 months). Duckett’s urethroplasty and staged
repair (Byars’ technique) were performed in 145 (21.8%) and
520 (78.2%) patients, respectively. Therewere 237 patients in
the 2-week group, 206 in the 4-week group, and 222 in the
6-week group. The mean ages at initial surgery, length of the
neourethra, and surgical procedure in the 2-, 4-, and 6-week
groupswere similar. Twelve patients experienced catheter or
stent obstruction and maintained stent patency after
flushing.

Among the 665 patients, the overall incidence of compli-
cations was 26.6% (n¼177). Complications included 129
urethral fistulas, 42 urethral strictures, 15 urethral divertic-
ula, and 9 cases of glans dehiscence. Fifteen patients had 2
complications. None of the patients had recurrent ventral
penile curvature. The incidence of urethral strictures de-
creased with prolonged stenting duration (p<0.05). The
patient demographics and outcomes after urethroplasty
are presented in ►Table 1.

Of 42 patients with urethral stricture (19 cases in the
Duckett’s group and 23 cases in the staged group), 27 (64.3%)
cases of urethral stricture occurred between 4 and 6 weeks
after urethroplasty (12 cases in the Duckett’s group and 15
cases in the staged group), 7 cases (3 cases in the Duckett’s
group and 4 cases in the staged group) occurred between
7weeks and 6months after urethroplasty, 7 cases (3 cases in
the Duckett’s group and 4 cases in the stagedgroup) occurred
more than 6 months after urethroplasty (3 cases occurred
>3 years after surgery), and 1 case (in the Duckett’s group)
occurred at 3 weeks after urethroplasty. The times of occur-
rence of urethral stricture are shown in►Table 2. All patients
with urethral strictures were treated with urethral

Table 1 Patient demographics and outcomes after urethroplasty

Variable 2-week group 4-week group 6-week group p-Value

Patients 237 206 222

Age at initial surgery (months) 35.3�18.6 36.1� 21.7 35.5� 20.9 > 0.05a

Repair method > 0.05b

Duckett’s urethroplasty (n¼ 145) 51 (35.2%) 45 (31.0%) 49 (33.8%)

Staged repair (n¼ 520) 186 (35.7%) 161 (30.9%) 173 (33.3%)

Complications (n¼177) 72 (40.7%) 57 (32.2%) 48 (27.1%)

Urethral strictures (n¼42) 26 (61.9%) 12 (28.6%) 4 (9.5%) < 0.05b

Urethral fistulas (n¼129) 45 (34.9%) 43 (33.3%) 41 (31.8%) > 0.05b

Urethral diverticulum (n¼15) 5 (33.3%) 4 (26.7%) 6 (40%) > 0.05b

Glans dehiscence (n¼ 9) 3 (33.3%) 4 (44.4%) 2 (22.2%) > 0.05b

aStudent’s t-test.
bChi-square test.
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dilatation: 29 were cured, and 13 failed treatments. Of those
13 patients (8 cases in 2-week group, 4 cases in 4-week
group, and 1 case in 6-week group), 11 underwent direct
vision internal urethrotomy (6 cases were cured) and 7
underwent urethroplasty (including 5 cases that failed direct
vision internal urethrotomy).

Themaximum urine flow rate at 2 and 4weeks after stent
removal in the 6-week group was higher than that in the 2-
and 4-week groups (p<0.05). The maximal urinary flow
rates of the patients at different times are summarized
in ►Table 2. The maximal urinary flow rates of the patients
when diagnosing urethral stricture is 4.1�2.3mL/s.

Discussion

The goals of PH repair are to allow voids with normal velocity
and laminar flow, achieve satisfactory function and cosmetic
normality, and achieve low postoperative complication
rates.10 This study found a clear-cut advantage of prolonging
the duration of stenting after PH with SC repair to reduce
urethral stricture, and this did not increase the risk of
other postoperative complications, which confirms our
hypothesis.

The relationship between urethral stents and postopera-
tive complications is focused on distal hypospadias, whereas
research on PH is limited.11 Some studies have reported that
there is likely no outcome difference between stented and
nonstented distal hypospadias repair.11 They considered no
drainage after distal hypospadias repair as another option.11

However, webelieve that stenting still needs to be performed
for PH with SC repair. This is based on the following reasons.
1) In this study, patients with PH with SC required a trans-
verse urethral plate to correct the SC and then urethroplasty.
Compared with the preservation of urethral plate repair for
hypospadias, the material used for the reconstruction of the
neourethra was all from the prepuce in this study. The
urethral plate is well-vascularized and supple, and preserva-

tion of the urethral plate for urethroplasty can lead to
decreased complications of proximal anastomosis.12 How-
ever, the blood supply to the prepuce is unstable, which may
affect wound healing and increase the incidence of urethral
stricture.13 2) The longer the neourethral length, the greater
the possibility of urethral stricture.14 Themean length of the
reconstructed neourethra was as long as 4.52 cm in this
study. Therefore, for patients with PH with SC repair, pre-
serving the stent can keep the neourethra open, prevent
neourethra anastomosis, reduce urine extravasation, and
avoid urethral distortion.

Although urethral stricture is a common complication
after PH with SC repair, the actual incidence of urethral
stricture rate is unknown.4 In most published series, the
incidence of urethral stricture after PH has been reported to
be 8.0 to 16.0%.3,13 Cimador et al reported that the risk
factors for the occurrence of urethral stricture include factors
related to the severity of hypospadias, surgeon, patient, and
postoperative management.3 In this study, we expected to
reduce urethral strictures by changing the postoperative
management (prolonging the duration of stenting) in
patients with PH with SC. Our study showed a low incidence
of urethral stricture (6.3%), and stent placement for 6 weeks
effectively reduced the occurrence of urethral stricture
(1.8%). The strictures were more common in the Duckett’s
urethroplasty compared to the staged urethroplasty in this
study. This may due to urethral distortion that may occur in
the neourethra because Duckett’s tube lacks support from
surrounding tissue.13 In addition, staged urethroplasty
reduces the incidence of strictures through semicircular
anastomosis.

In this study, the incidence of urethral stricture in the
2-week group was significantly higher than that in 6-week
group, and most urethral strictures occurred 4 to 6 weeks
after repair. Similarly, Tang et al reported that most urethral
strictures were found in a short follow-up period after
hypospadias repair.8 The causes of urethral stricture

Table 2 Time of occurrence of urethral stricture

Variable 2-week group 4-week group 6-week group p-Value

Patients 237 206 222

Urethral stricture (n¼42) 26 (61.9%) 12 (28.6%) 4 (9.5%) < 0.05a

Urethral
strictures (n¼ 42)

Postoperative, 4–6 weeks 20 (76.9%) 7 (58.3%) 0 (0%) < 0.05a

Postoperative, 7 weeks to 6 months 2 (7.7%) 3 (25%) 2 (50%) > 0.05a

> 6 months after
surgery

3 (11.5%) 2 (16.7%) 2 (50%) > 0.05a

Maximal urinary
flow rate (mL/s)

2 weeks after stent removal 7.2�1.8 8.3� 2.3 9.7�2.9 < 0.05b

4 weeks after stent removal 6.1�2.5 7.7� 3.5 9.3�3.3 < 0.05b

12 weeks after stent removal 9.4�2.6 9.5� 2.4 9.8�2.1 > 0.05b

12 months after surgery 10.1� 1.7 10.2�2.5 10.4� 2.2 > 0.05b

> 1 year after surgery 11.4� 2.8 11.5�2.6 11.8� 3.1 > 0.05b

Note: One case of urethral stricture occurred at 3 weeks after urethroplasty in the 2-week group.
aChi-square test.
bStudent’s t-test.
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occurring early after surgery are unknown and may be
related to the following13,15,16: 1) the neourethra has a small
diameter in some patients; 2) the inflammatory reaction of
the neourethral anastomosis has not subsided, and the
premature removal of the stent leads to blocked urine
flow; 3) the neourethral anastomosis has not healed, and
the premature removal of the stent may cause local urethral
distortion or urine extravasation into the surrounding tis-
sues. In this study, the maximum urine flow rate (2 and
4 weeks after stent removal) in the 2-week group was
significantly lower than that in the 6-week group; addition-
ally, the maximum urine flow rate in the 2-week group
gradually decreased at 4 to 6 weeks after surgery, which is
consistent with the time of early urethral stricture. Although
a lowmaximum urine flow rate tends to improve with time,
some patients without intervention may gradually show a
significant decrease in the maximal urinary flow rate and
obstructive voiding symptoms.13 In the early postoperative
period, the 6-week group showed a reduced incidence of
early urethral stricture after the duration of stenting to keep
the urethra open was prolonged. Moreover, the maximum
urine flow rate in the 6-week group did not show a significant
downward trend after stent removal. Therefore, we speculate
that 4 to 6weeks after PHwith SC repairmay be thekey period
for the formation of early urethral strictures. In contrast, three
cases (7.1%) of urethral stricture occurred more than 3 years
after urethroplasty in this study, which is consistent with the
finding of another study that reported that some urethral
strictures can occur many years after surgery.4

Many types of urethral stents have been described, in-
cluding silicone, latex, silastic, polyethylene, polyvinyl chlo-
ride, and antimicrobial catheters.16 The duration of stenting
should be prolonged to reduce the occurrence of urethral
strictures, and undesirable side effects related to the use of
urethral stents should be eliminated. In this study, the
urinary catheter was changed to a short stent 2 weeks after
urethroplasty in the 4- and 6-week groups. A short stent can
avoid bladder spasms and reduce catheter obstruction and
infection. The use of Foley catheters was avoided in these
patients. Turial et al reported that removal of Foley catheters
may result in severe complications because catheter removal
could potentially lead to interruption of the repair.17 Fortu-
nately, our data showed that stent-related complications
(bleeding, infection, and stent migration) did not significant-
ly increase when the duration of stenting was prolonged.

This study has a couple of limitations. First, this studywas
not a randomized controlled trial. Second, participants
should be followed up for over a longer time to identify
potential long-term complications.

Conclusion

Based on our preliminary experience, early urethral stricture
after PH with SC repair usually occurs 4 to 6 weeks postop-
eratively. This postoperative management of prolonging the
duration of stenting can reduce early urethral strictures and

does not increase the risk other postoperative complications.
Monitoring the maximum urine flow rate may contribute to
early detection of urethral strictures.
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