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ABSTRACT
Purpose: This study aimed to compare the success and postoperative complication rates of the novel
non-transecting urethroplasty (NTU) technique and conventional excision-primary anastomosis (EPA) in
the surgical treatment of short bulbar urethral strictures.
Material and methods: Data of the patients who underwent excision-primary anastomosis or NTU
procedures at our center for the surgical treatment of bulbar urethral strictures shorter than 3 cm
between January 2010 and December 2018 were retrospectively reviewed.
Results: Forty-seven patients fulfilled the eligibility criteria for this study. Among these patients, 22
underwent NTU procedure while 25 underwent EPA. There was no difference between the two groups
regarding age, stricture length, etiology, past surgical history, and duration of follow-up. The surgical
success rates were 88% and 87,2% in the NTU and EPA groups, respectively (p¼ 0,603). The complica-
tion rates were 12% and 13,6% in NTU and EPA groups, respectively. Two groups were similar con-
cerning complication rates (p¼ 0,603).
Conclusion: The novel NTU and conventional EPA techniques are similar regarding surgical success
and complication rates in the surgical treatment of bulbar urethral strictures shorter than three
centimeters.
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Introduction

Management of urethral stricture is based on its length,
severity, localization, etiology, and past surgical history of
the patient [1,2]. Although patients with short annular stric-
tures can benefit from optical internal urethrotomy (IU), this
procedure is associated with a high recurrence rate [1].

Traditionally, short (typically 1–2 cm) bulbar urethral stric-
tures are surgically treated by the excision and primary anas-
tomosis (EPA) technique which involves excision of the
strictured urethral segment (i.e. spongiofibrosis and sur-
rounding corpus spongiosum) and subsequent tension-free
anastomosis of the healthy spatulated edges [3–5]. This tech-
nique provided excellent long-term functional results [6,7].

Some authors stated that transection of the spongiosum
and interruption of the blood flow to the spongiosum might
lead to adverse outcomes such as impairment of retrograde
urethral blood flow, tension at the anastomosis site in long
bulbar urethral strictures, penile shortening, and curvature
[7,8]. Therefore, they defined a novel surgical technique for
treating short idiopathic bulbar strictures [8]. These authors
stated that this non-transecting urethroplasty (NTU) tech-
nique did not impair the retrograde urethral blood flow, and
it was applicable in patients with non-traumatic strictures [8].
Since there is a high risk of recurrence due to tension at the

anastomosis site, the EPA technique is unsuitable for patients
with long bulbar urethral strictures [9]. There is also a signifi-
cant risk of chordee in these patients. Thus, augmentation
procedures using oral grafts are preferred for relatively long
strictures [10]. The strictured segment is not excised in this
approach. On the other hand, in cases of longer traumatic
bulbar strictures which require excision, an augmented anas-
tomotic approach is usually preferred [6]. In this approach,
EPA is performed at the ventral aspect of the urethra after
excision of the strictured segment, and an oral mucosal graft
is placed dorsally for augmentation.

Substitution urethroplasty is ideal for treating long anter-
ior urethral strictures [11]. Genital skin flaps, genital and
extragenital tissue grafts are used for urethral substitution.
Buccal mucosa became popular after 1990 in complex
urethra surgeries. Buccal mucosa provides advantages since
it is well-vascularized and includes a thin lamina propria and
a thick epithelium layer [10]. Besides, it is readily available,
hairless, and is associated with a relatively low risk of graft
contracture and pseudodiverticulum formation [11].

The NTU procedure is at least as effective as EPA [8].
Furthermore, since the urethral blood flow is not disrupted,
this technique is associated with better healing and a lower
risk of sexual dysfunction than EPA [8]. Therefore, this study
aimed to compare the procedural success and complication
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rates of the traditional method EPA and the novel NTU
method in patients with short bulbar urethral strictures.

Materials and methods

Adult (age � 18) patients who underwent EPA or NTU for
non-traumatic bulbar urethral strictures shorter than 3 cm in
Health Sciences University Diskapi Training and Research
Hospital Department of Urology between January 2010 and
December 2018 constituted the target population of this
study. A search was performed in the institutional electronic
folder system using the ICD code n.35 which corresponds to
the patients admitted with the diagnosis of urethral stricture.
Data of these patients were retrospectively reviewed follow-
ing approval of this study by the Ethical Review Committee
of the same institution (14.05.2018/50-01). Patients with a
history of urethral trauma, lichen sclerosis, radiotherapy, or
penile surgery were excluded.

All patients had consented to both the surgical procedure
and the use of their data for research purposes. They all
underwent routine preoperative assessment, uroflowmetry,
retrograde urethrogram and flexible cystoscopy.

Patients underwent either EPA or NTU. Those who under-
went NTU were categorized as stricturoplasty, non-transect-
ing anastomosis, augmented non-transecting urethroplasty.
Of note, NTU was not performed in subjects with preopera-
tive findings of severe spongiofibrosis.

Regardless of the type of surgery, the surgical procedure
was considered successful in the case that the following criteria
were fulfilled after the sixth postoperative month or afterward:

1. There was no need for additional urethral surgery
2. Maximum flow rate was 15ml/s or higher in

uroflowmetry
3. A normal urethral caliber was detected in retrograde

urethrogram

4. No urethral stricture was detected during flexible
cystourethroscopy

Patients who underwent EPA were compared with those
who underwent NTU regarding procedural success and surgi-
cal complication rates. Erectile dysfunction, penile chordee,
wound infection, scrotal hematoma, and macroscopic hema-
turia were considered as potential postoperative complica-
tions. Data regarding complications were retrieved from
electronic patient folders filled during inpatient stay and out-
patient clinic encounters.

Surgical techniques

Excision and primary anastomosis urethroplasty (EPA)
All patients were given preoperative prophylactic antibiotic
therapy by intravenous injection of a third-generation ceph-
alosporin. This prophylactic therapy continued during the
postoperative inpatient stay until discharge. Subsequently,
the patients were switched to oral ciprofloxacin 500mg twice
a day after discharge and remained on this treatment until
urethral catheter removal. They were all placed in social lith-
otomy positions and operated under general anesthesia. The
perineal region was prepped with 2% chlorhexidine gluco-
nate and 70% isopropyl alcohol solutions. The bulbospongio-
sus muscle was exposed after making a vertical perineal
incision. The plane between the bulbospongiosus muscle
and urethra was exposed by incision of the Gallaudet fascia.
The bulbar urethra was freed by dissection, and a 20 F Foley
urethral catheter was advanced to determine the distal end
of the stricture. A dorsal stricturotomy incision was made
starting from the distal end of the stricture and extending
along the length of the stricture until reaching the normal
urethra (Figure 1). The stenotic segments of the urethra and
corpus spongiosum were excised (Figure 2). The proximal
and distal ends were spatulated. The 20 F Foley urethral cath-
eter was advanced towards the urinary bladder. The

Figure 1. Dorsal stricturotomy.
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anastomosis was performed both on the urethral mucosa
and corpus spongiosum. A bomb drain was placed. All ana-
tomical layers were closed separately. The drain was
removed once there was no more drainage postoperatively.
Patients were discharged after drain removal. A pericathater
retrograde urethrogram was performed two weeks after sur-
gery, and the Foley catheter was removed in case there was
no extravasation.

Non-Transecting urethroplasty (NTU)
Presurgical and surgical procedures up to determination of
distal end of the stricture was applied to all patient like in
EPA. Difference between undergoing EPA and NTU is intub-
ation. Patients undergoing NTU were nasally intubated for
easier buccal mucosal graft harvesting. Subsequently, a dor-
sal stricturotomy incision was made starting from the distal
end of the stricture and extending along the length of the
stricture until reaching the normal urethra. After this step,
the decision regarding the type of urethroplasty was given
as per the length and location of the stricture.

Stricturoplasty. Heineke–Mikulicz stricturoplasty was per-
formed in cases with short (i.e. 1–2mm) membrane-like stric-
tures located between the middle and proximal one-third of
the bulbar urethra. The bulbar urethra was mobilized for ease
of a tension-free anastomosis. The stricture was not excised.
The dorsal stricturotomy incision was closed at the transverse
edges after a 20F Foley urethral catheter insertion.

Non-transecting anastomotic urethroplasty. Non-transect-
ing anastomotic urethroplasty (NTAU) was performed in
cases with relatively longer bulbar urethral strictures shorter
than 2 cm. In this procedure, superficial spongiofibrosis was
carefully excised along the entire length of the stricture
while the underlying well-vascularized ventral spongiosum
was left intact with the urethral arteries. Subsequently, the
healthy mucosal edges were anastomosed end-to-end using

5/0 VicrylVR sutures. Finally, a tension-free anastomosis was
performed after mobilization of the bulbar urethra and
advancement of a 20 F Foley urethral catheter.

Augmented non-transecting urethroplasty (ANTU). This
procedure was performed in cases with relatively longer bul-
bar strictures. The entire length of the stricturotomy was
augmented by an oral mucosal graft. After measuring the
stricture length, the Stenon duct and the buccal mucosa
graft site were marked by a surgical pen. Subsequently, lido-
caine hydrochloride 1% and epinephrine (1/100000) solution
were injected submucosally to the graft site. The graft was
harvested with the sharp dissection technique. The graft site
was closed by suturing the mucosal edges. Next, defatting of
the graft was done. After defatting, the graft was placed in
gentamicin solution. The graft was dorsally placed along the
length of the strictured segment and fixated to the corpora.
A 20 F Foley urethral catheter was inserted. The urethral
wings were continuously sutured and fixated to the graft
and corpora cavernosa.

A bomb drain was placed at the end of each procedure.
All layers were closed separately. The patients were dis-
charged after drain removal. A pericatheter retrograde ure-
throgram was performed two weeks after surgery. The Foley
catheter was removed if there was no extravasation.

Statistical analysis

The Statistical Package for Social Sciences (SPSS for Windows
16.0, Chicago, IL, USA) software was used for statistical ana-
lysis. The chi-square and Fisher’s exact tests were performed
to compare the success and complication rates. The
Student’s t-test was used to compare other variables, includ-
ing age, duration of follow-up, and stricture length. The dif-
ferences between the two groups concerning etiology of
stricture and past urethral surgery history were analyzed by
Pearson’s chi-square test. The p value was considered signifi-
cant when it was lower than 0,05.

Results

After applying the inclusion and exclusion criteria, 47
patients were included in this study. Our retrospective review
revealed that 22 (46.8%) of these patients underwent EPA
while 25 (53.2%) underwent NTU. Among those who under-
went NTU, stricturoplasty was performed in 8, NTAU was per-
formed in 7, and ANTU was performed in 10 cases.

Results of the comparison between EPA and NTU groups
regarding mean age, stricture length, etiological factors, past
urethral surgery history, and mean duration of follow-up are
displayed (Table 1). These data were normally distributed.
The mean follow-up periods were 19±2,8 and 38,5±5,6months
for NTU and EPA patients, respectively.

Comparison of overall success and complication rates
revealed no significant difference between the two groups
(p¼ 0,603) (Table 2). It was calculated that 87,5% (7 of 8
patients) of the patients who underwent stricturoplasty, 6 of

Figure 2. Excision of the strictured segment.
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7 (85,7%) patients who underwent NTAU, and 9 of 10 (90%)
patients who went through ANTU had favorable outcomes.

Three of the 25 (12%) patients in the NTU group had
postoperative complications. One of these patients devel-
oped a scrotal hematoma, while one developed erectile dys-
function, and one had a wound site infection. The patient
with scrotal hematoma was treated conservatively. Daily
wound care and antibiotherapy were given to the patient
with wound infection, and oral tadalafil treatment was given
to the patient with erectile dysfunction. All patients
responded well to these treatments.

Three of 22 (13.6%) patients in the EPA group had compli-
cations. While one patient developed erectile dysfunction,
one experienced a scrotal hematoma and one developed
chordee. The patient with erectile dysfunction was treated
with oral tadalafil treatment. Conservative treatment was
given for the scrotal hematoma. These patients responded
well to these treatments. The chordee was not treated since
it was not associated with erectile dysfunction or an inability
to have sexual intercourse.

Discussion

The idea of avoiding urethral transection in proximal bulbar
urethroplasty was first suggested by G.H. Jordan, who
described his NTU technique [12–14]. In this technique, the
dorsal aspect of the corpus spongiosum is dissected free
from the perineal body, and the bulbar arteries are identified
and retracted. Thus, there is a risk of inadvertent bulbar
artery injury in this approach [15].

The NTU technique is based on the fact that the proximal
bulbar urethra is dorsally surrounded by corpus spongiosum.
Anatomically, this segment of the membranous urethra is
under the perineal membrane; thus, a dorsal stricturotomy
made in this segment does not impair the blood supply of
the corpus cavernosum.

Although EPA technique gives satisfactory results in
patients with an appropriate stricture length, it is currently

not preferred unless there is open necrosis or transmural
fibrosis due to trauma or infection. Since most bulbar ureth-
ral strictures are associated with a relatively mild spongiofib-
rosis, they can be treated by intraurethral excision and
mucosal anastomosis or only by stricturoplasty.

It was reported that NTAU was as effective as traditional
anastomotic urethroplasty with minor surgical trauma [16].
It is arguably accepted that EPA is the optimal urethroplasty
technique for patients with relatively short urethral stric-
tures [6,17,18].

In 2017, Ivaz et al. followed 101 patients who underwent
NTU due to bulbar urethral strictures for at least 18months
[16]. Therefore, these authors noted a success rate of 99%.

In 2012, Barbagli et al. reviewed data regarding 404
patients who underwent transecting bulbar urethroplasty
(end-to-end anastomosis and augmented anastomotic
repair), and they concluded that the success rates ranged
between 90 and 98% [19]. In this review, 522 patients who
underwent non-transecting bulbar urethroplasty were also
included, and the authors reported success rates between
81,8 and 100% in this group. Thus, transecting and non-
transecting bulbar urethroplasty techniques had similar suc-
cess rates as per this review.

In line with the literature, our success rates were 88% and
87,2% in the NTU and EPA groups, respectively. There was
no statistically significant difference between the two groups
regarding procedural success.

It is known that transection of the urethra may facilitate
complete excision of the scar; however, it can also lead to
neurogenic urinary dysfunction and sexual dysfunction due
to vascular and neural injuries [20]. On the other hand, non-
transecting approaches preserve the neurovascular struc-
tures, but they may not achieve complete excision of the
scar tissue [20]. It is known that complete transection of the
urethra is mandatory for the excision of the traumatic scar
tissue. However, it is questionable whether it is mandatory to
transect the urethra to excise the scar tissue in cases with 1-
2 cm, thick and narrow bulbar urethral strictures. To our
knowledge, no studies showed that stricture should be
excised for avoiding recurrence in patients with non-trau-
matic bulbar urethral strictures.

In addition, shortening of the urethra after EPA is per-
formed in cases with long urethral strictures may lead to
penile curvature or chordee. Mobilization of the spongiosum
during primary anastomosis and transection may impair the
caudal blood flow and lead to weak tumescence or cold
glans during erection at the postoperative period [21,22]. It
is also known that injury of the perineal nerves responsible
for the sensory innervation of the perineum, scrotum, and
ventral surface of the penile shaft may cause genital sensitiv-
ity disorders [23].

In the study published by Lumen et al. in 2016, the
authors reported the data of 75 patients who underwent
NTU [24]. Among these patients, 61 (81.3%) did not have any
complications. However, three (4%) patients developed
severe scrotal hematomas which required surgical drainage.
Eleven (14.7%) patients had low-grade complications, which

Table 1. Comparative analysis of the NTU and EPA groups regarding clin-
ical parameters.

NTU (n¼ 25) EPA (n¼ 22)

Age 53,2 ± 13,9 54,6 ± 17,5 0,769a

Stricture length (cm) 1,6 ± 0,9 1,8 ± 0,6 0,472a

Etiology 15 15 0,560b

Iatrogenic 10 7
Idiopathic
Past surgical history
None 9 13 0,124b

Internal urethrotomy 11 9
EPA procedure 5 –
Duration of follow-up, months 19 ± 2,8 38,5 ± 5,6 0,003a

aIndependent student-t test. bPearson Chi-Square NTU: Non-transecting ure-
throplasty EPA: Excision and primary anastomosis.

Table 2. Results of the comparative analysis regarding success and complica-
tions rates.

NTU (n¼ 25) EPA (n¼ 22) p value

Success rate 22 (88%) 19 (87,2%) 0,603a

Complication rate 3 (12%) 3 (13,6%) 0,603a

aFisher’s exact test. NTU: Non-transecting urethroplasty EPA: Excision and pri-
mary anastomosis.
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were all treated conservatively. In addition, one patient
developed erectile dysfunction.

In another study published in 2007, Barbagli et al. investi-
gated the sexual dysfunction rates in patients who under-
went EPA for traumatic or non-traumatic bulbar strictures
[25]. Among these 153 patients, 14 (23.3%) had ejaculatory
dysfunction, 1 (1.6%) had cold glans during erection, 7
(11,6%) complained about a glans that was not full during
erection, 11 (18.3%) experienced reduced glans sensitivity
[25]. However, none of their patients developed penile chor-
dee and erectile dysfunction.

In 2017, Le et al. worked on 23 patients with traumatic
posterior urethral strictures [26]. Authors noted a significant
difference between the two patient groups, and the severity
of erectile dysfunction was significantly lower in the NTU
group than in the end-to-end anastomosis group [26]. In line
with the literature, the comparison regarding postoperative
complications did not reveal a significant difference between
NTU and EPA methods in our study.

Our study has some weaknesses that must be considered
while evaluating its findings. First, it is a retrospective study.
Second, the number of patients included is relatively low.
Third, the follow-up duration of the patients who underwent
NTU was shorter than the conventional EPA procedure.

Conclusions

Despite the weaknesses mentioned above, we conclude that
NTU is a relatively novel surgical technique, and there is no
difference between NTU and EPA techniques concerning pro-
cedural success and postoperative complication rates.

However, these findings need to be confirmed by further
studies with relatively more extended follow-up periods.
Since NTU does not compromise the spongiosal blood flow
and potentially endanger the neural elements, we suggest
that NTU can be preferred in patients with bulbar urethral
strictures. This approach seems especially appropriate for
those who did not have extensive underlying spongiofibrosis
after traumatic injury. Further studies with relatively more
homogeneous patient groups and subjective assessments of
urinary and sexual functions are needed to determine the
gold standard treatment method in patients with non-trau-
matic proximal bulbar urethral strictures.
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Muhammet Şahin Yılmaz http://orcid.org/0000-0001-8713-8675
Alihan Kokurcan http://orcid.org/0000-0003-3486-108X
Fahrettin Şamil Uysal http://orcid.org/0000-0002-2635-6668
G€orkem €Ozenç http://orcid.org/0000-0001-8853-5250
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