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Objective: To explored the curative effects of various surgical methods used to treat complicated posterior urethral strictures in boys and the long-term complication.



Methods: We retrospectively studied 28 boys under 14 years of age with complicated posterior urethral strictures treated at our hospital from January 2015 to December 2020. Urethral angiography revealed posterior urethral strictures. Twelve had previously failed urethral surgery; four had urethral fistulae. All underwent end-to-end urethral anastomoses via a transperineal, inferior pubic approach. We freed the distal end of the urethra, split the penile cavernous septum, partially resected the lower edge of the pubic symphysis, and rerouted the urethra under a corpus cavernosum to reduce the tension of the urethral anastomosis.



Results: All boys were 2–14 years of age at the time of surgery (mean 6.3 years). The urethral strictures were 3–5.5 cm in length (mean 4.2 cm). Catheters were removed 4 weeks postoperatively. The postoperative follow-up time was 4–72 months (mean 36.8 months). Twenty-four patients exhibited unobstructed urination after a single operation. The maximum urinary flow rate was 15–22 ml/s (average 17.8 ml/s); the success rate was 85.7%. Two patients required second urethral end-to-end anastomoses; urination became normal postoperatively. Two continued to exhibit cystostomies, and two evidenced mild incontinence. Of the six children who have attained puberty, two report erectile dysfunction.



Conclusion: End-to-end urethral anastomosis via a transperineal inferior pubic approach is an ideal treatment for posterior urethral strictures in boys. The complications include incontinence and erectile dysfunction, and require long-term follow-up.
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Introduction

Traumatic posterior urethral stenosis in children is a rare condition, but presents a major surgical challenge to pediatric urologist (1). Firstly, children have immature pelvic bones and unstable fractures associated with severely displaced prostatic urethras. Secondly, due to relative intra-abdominal position of a child's bladder there is high incidence of simultaneous bladder neck and sphincter complex injury along with urethral trauma. Lastly, children have smaller pelvic confines, smaller urethral calibre, and greater tissue fragility (2, 3). The previous reports were all summary and discussion of one kind of surgical method for posterior urethral stenosis in children, and there was no long-term follow-up of surgical complications. In this study, various surgical methods of complex posterior urethral atresia in boys and the key points of operation were systematically summarized, It provided more detailed reference for urologists to deal with the complex posterior urethral stenosis in children. Moreover, Preliminary long-term follow-up was also conducted.

In the present study, we present our experience of the surgical technics for the traumatic posterior urethral stenosis in the boys and the preliminary long-term follow-up for postoperative complications.



Patients and methods


Patients and preoperative preparation

From January 2015 to December 2020, a total of 28 children younger than 14 years were treated for complicated urethral strictures at our hospital. All were boys with trauma-induced posterior urethral injuries. The mean age was 6.3 years. All underwent preoperative retrograde and voiding cystourethrography and some underwent flexible cystoscopy, revealing posterior urethral strictures or atresia. All underwent end-to-end urethral anastomosis via the inferior perineal pubic symphysis after routine preoperative preparation. All underwent urinalysis, urine culture, and sensitivity testing after admission; penicillin or other antibiotics were preoperatively initiated to prevent infection. Povidone-iodine saline irrigation of the bladder and urethra was performed twice daily. The four boys with urethrorectal fistulae were given rectal soapsuds enemas daily for 3 days before surgery.



Surgical techniques

All patients were placed in the standard lithotomy position after the induction of general anesthesia. Urethroplasty was performed as described previously (4). Briefly, an inverted Y-shaped incision was created in the perineum, the distal bulbar urethra was circumferentially mobilized, and the fibrous tissue between the two ends of the disrupted posterior urethra completely excised until the normal urethral mucosa was fully exposed. For the four patients with urethrorectal fistulae, the entire proximal urethrae were carefully dissected and separated from the rectum after complete dissection of obstructive fibrous scar tissue. The fibrous fistulous tract was completely excised and the fistular margins in the rectum freshened. The rectum was repaired in two layers using 3-0 or 4-0 polygalactin continuous sutures; a pedicled, scrotal sarcoid flap was used for packing. The urethroplasty technique depended on the length of the urethral defect and the extent of dissociation of the distal urethra. We performed a penile septum incision, partial resection of the lower edge of the pubic symphysis, and urethral rerouting under one corpus cavernosum to shorten the distance between the proximal and distal ends of the urethra and achieve a tension-free anastomosis. A 5-0 absorbable thread was used to intermittently suture the distal and proximal urethra (eight stitches). An F8-12 silicone balloon catheter was inserted into the urethra. Dressings were regularly changed and routine anti-inflammatory and hemostatic treatments given. The drainage and urinary catheters were removed 3 days and 4 weeks postoperatively, respectively. The urine flow rate was tested to determine the surgical outcome and the follow-up period required. We telephoned all boys to obtain up-to-date information on long-term complications, including incontinence and erectile dysfunction (ED). No objective ED diagnostic test is available; self-reported ED status may be inaccurate.




Results

All patients underwent preoperative urethral retrograde and voiding cystourethrography and some underwent flexible cystoscopy, revealing posterior urethral strictures or atresia. The urethra of the bulbar membrane was injured in 16 patients, the urethra of the prostatic membrane was injured in 10, and bladder neck atresia was evident in 2(Figure 1). The mean stenosis length was 4.2 cm. Eight patients had floating bladders and four urethrorectal fistulae; twelve had failed urethral surgery at other hospitals. All patients underwent end-to-end urethral anastomosis via a transperineal, inferior pubic approach. Patients with long urethral defects were treated using a variety of surgical techniques to free the distal urethra. To achieve tension-free anastomosis of the distal and proximal urethra, 8 patients underwent splitting of the corpus cavernous septum(Figures 2A1-2), 18 partial resection of the lower edge of the symphysis pubis (Figures 2B1-2); in 2, the urethra was rerouted under a corpus cavernosum(Figures 2C1-2). The mean postoperative follow-up duration was 36.8 months. Of the 28 patients, 24 (85.7%) evidenced unobstructed urination after a single operation. The mean maximum urinary flow rate was 17.8 ml/s. Two patients required second urethral end-to-end anastomoses and subsequently evidenced normal postoperative urination. Two patients still require bladder fistulae and are awaiting further surgery at the time of writing (Table 1). Two evidenced mild urinary incontinence and remain under follow-up. Of the six patients who have reached puberty, two have self-reported ED (Table 2).
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FIGURE 1
Preoperative cystourethrography of boy with complicated long posterior urethral stricture (A): Urethral angiography indicates long posterior urethral stenosis; (B): Urethral angiography indicates that the bladder floats up and the proximal opening of the posterior urethra is high.
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FIGURE 2
During the operation, on the basis of freeing the anterior urethra, perform (A1-2): penile septum incision (pointed by arrow); (B1-2): resection of the lower edge of the pubic symphysis (pointed by arrow); (C1-2): urethral transposition to foot of the cavernous body of the side penis (pointed by the arrow) to achieve tension-free anastomosis of the distal and proximal urethra.



TABLE 1 Demographics and clinical data of the 28 patients with complicated posterior urethral stricture.
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TABLE 2 The outcome of follow up for the complications.
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Discussion

Posterior urethral distraction defects in children are complex and difficult to manage. Many principles and techniques used in the repair of these urethral strictures in children are similar to those used in adults but in fact these verity, complexity, and nature of tissue are different in children. A consensus on the optimal treatment of these traumatic distraction defects in children is yet to be reached (5). Moreover, there was few studies about the long-term follow-up for the postoperative complications.

In children with traumatic posterior urethral strictures, both retrograde and voiding cystourethrography are routinely performed before surgery to determine the location and length of the posterior urethral stricture or stenosis. However, such cystourethrography may overestimate the urethral stenosis length, particularly in children who may not be fully cooperative; in whom the distal urethra is not fully developed. It is difficult to accurately determine the urethral stenosis length (6). We believe that a flexible cystoscopy examination is important during the preoperative evaluation of a urethral stricture. Especially in pediatric patients with incomplete bladder neck openings, use of a flexible cystoscopy allows the clinician to accurately locate the proximal urethra and estimate the urethral stricture length. Pelvic magnetic resonance imaging also accurately determines the location and length of a posterior urethral stenosis or atresia (7).

The currently accepted method for the treatment of a posterior urethral stricture is urethral end-to-end anastomosis. During the operation, the stricture and surrounding scars must be completely removed and the urethral mucosa must be exposed, enabling the distal and proximal urethra to be anastomosed without tension. The key to successful surgery is full exposure of the proximal urethral stricture to enable the surgeon to perform the urethral anastomosis under direct vision (8). Three methods are currently used for urethral end-to-end anastomosis: a simple transperineal approach, a transperineal inferior pubic approach, and a combined transpubic-perineal approach. Traditional transperineal end-to-end anastomosis is generally appropriate for patients with posterior urethral strictures less than 3 cm in length and no comorbidity. The transpubic approach is appropriate for patients with posterior urethral strictures with stenoses longer than 3 cm, stenoses close to the bladder neck, a concomitant urethral fistula or bladder neck tear, and/or who have failed multiple perineal repair surgeries. Pierce was the first to perform posterior urethral repair via resection of the pubic symphysis (9). The reported success rates of transperineal and transpubic posterior urethral anastomoses in pediatric patients are 80% and 100% respectively, suggesting that retropubic urethroplasty is appropriate for children with posterior urethral stricture (10). However, although this method usefully exposes the entire surgical field and affords a large surgical space, it destroys pelvic stability, associated with a high incidence of postoperative pelvic tilt that may cause low back pain, gait instability, and other complications in growing children. Therefore, retropubic urethroplasty is not currently advocated as a treatment for pediatric urethral stricture (11).

Huang et al. were the first to use partial, pubic symphysis resection to perform posterior urethral repair in China (12). This approach fully exposes the prostate and membranous urethrae and enables full removal the scar tissue around the urethra. Thus, the tension of the anterior and posterior urethral anastomoses are greatly reduced and the integrity of the pelvic ring preserved, preventing postoperative complications such as an abnormal gait and chronic low back pain. We have learned from this surgical method. During surgery, we perform wedge-shaped excision of the lower edge of the pubic bone to fully expose the proximal urethra and create space for the operation. Furthermore, incision of the penile cavernous septum and the lower edge of the pubis enables the distal urethra to pass through the incised septum, which shortens the distance between the distal and proximal ends of the urethra by about 3 cm to ensure a tension-free anastomosis; this also avoids the need for excessive freeing of the distal urethra which shortens the penis. Given the developmental characteristics of children, there are several technical points to consider during surgery. First, as children lack mature bones, the lower edge of the pubic bone is rather flexible. Although this edge must be excised when treating adults, part of the lower border of the pubic bone can be directly removed with an electric knife in children, causing less bleeding and obviating any need to replant removed bone fragments in the defect. Second, the blood vessels linking the urethra and the corpus cavernosum are small in prepubertal children, associated with a poor blood supply to the distal end of the urethra. When freeing the distal end of the urethra, the surgeon must be careful to minimally damage the communicating blood vessels. Therefore, for children with complicated posterior urethral strictures, we prefer to approach via the lower edge of the perineum-pubic symphysis.

Children with posterior urethral stenosis have often undergone multiple urethral repairs and exhibit severe scarring, creating lengthy posterior urethral defects. Given the unique nature of tissue in the posterior urethral region, urethral substitutes are usually not employed to treat such stenoses. The gold standard is resection of the stenotic urethra accompanied by tension-free anastomotic urethroplasty (13). However, in patients with complicated, long, posterior urethral strictures, tension-free anastomosis of the distal and proximal ends of the urethra cannot be achieved via conventional methods (such as penile septal incision and partial resection of the lower edge of the pubic symphysis after removal of the narrowed urethra). In such a situation, we surgically remove the narrow urethra and surrounding scar tissue and then reroute the urethra under one penile corpus cavernosum, followed by end-to-end anastomosis with the proximal urethra (14). This shortens the length required for tension-free end-to-end anastomosis. When the anterior urethra bypasses the corpus cavernosum on one side and then anastomoses with the urethra of the prostate, this does not pull on (bend) the corpus cavernosum, which is especially important in children, and does not affect corpus cavernosum development (15). However, care is required during operation. The anterior urethra must be adequately separated to prevent tension in the anastomosis, and the gap between the feet of the penile cavernous body on one side must be able to accommodate (loose) passage of the anterior urethra. Further, any scar tissue around the end-urethral anastomosis must be maximally removed to fully expose the urethral mucosa. After end-to-end urethral anastomosis, if a large gap is evident in the lower edge of the pubic bone, the pedicel scrotal membrane flap can be placed in the gap to eliminate dead space and increase the local blood supply (Figure 3). If both a urethral stricture and a urethral fistula are present, the flap is placed between the urethral and rectal anastomoses to form a barrier between the urethra and rectum. This promotes fistular healing and prevents infection (16). We placed the pedicel scrotal membrane flap in all four patients with urethrorectal fistula.


[image: Figure 3]
FIGURE 3
The harvest of the pedicel scrotal membrane flap.


Long-term follow-up of posterior urethral stricture repair focuses on urinary incontinence and ED. Incontinence reflects poor integrity of the bladder neck and the severity of pelvic fracture, thus not directly related to the operation of urethral stricture (17). With the exception of cases with severe damage to the bladder neck, urinary incontinence after posterior urethral stricture repair generally resolves at least partially over time (18). The risk of postoperative incontinence can be predicted by preoperative urethrography and the integrity of the bladder neck.

ED is a major complication of vascular and nerve bundle injuries caused by traumatic pelvic fractures. The incidence of new ED in adults after pelvic fractures is 34%. Urethral surgery increases this by 3% (19). In children, ED obviously cannot be evaluated prior to puberty. Efforts have been made to predict ED. Koraitim et al. identified four predictive factors: The type of pelvic fracture, any pubic deformity, prostate displacement, and the length of the bulbar urethral defect (20). Of these, transverse prostate displacement and the length of the bulbar urethral defect were most important. When both are present, the ED nears 100%. When the urethral defect is longer than 2.5 cm, the ED incidence is significantly increased. Lateral prostate movement is generally only a few millimeters, but increases ED four-fold. Eight of our children are now adults. We telephoned them; six reported no obvious ED and two some ED. The urethral defect lengths of the latter were longer than 3.5 cm, consistent with this theory.



Conclusion

End-to-end urethral anastomosis via a transperineal inferior pubic approach is an ideal treatment for complicated posterior urethral strictures in boys. This fully exposes the posterior pubic space without disrupting pelvic continuity. Based on the extent of dissociation of the distal urethra, penile septal incision, partial resection of the lower edge of the pubic symphysis, and rerouting of the urethra under a penile corpus cavernosum, can successfully handle a long posterior urethral defect. However, it is important to ensure that the free distal end of the urethra is not excessive. This not only protects the penis but also reduces urethral necrosis attributable to an insufficient blood supply. The complications include incontinence and ED; long-term follow-up is required. Especially when the patients are fully adult, we will use the questionnarie to complete the follow-up to obtain satisfied follow-up results.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



Ethics statement

Written informed consent was obtained from the individual(s), and minor(s)' legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.



Author contributions

WZ: Drafting of manuscript, Analysis and interpretation of data; QF: Study conception and design; Critical revision of manuscript; YS: Analysis and interpretation of data; LS: Acquisition of data; Analysis and interpretation of data; YX: Acquisition of data; Analysis and interpretation of data; All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Kilicarslan H, Ayan S, Gokce G, Kayacan E, Gultekin EY. A retrospective evaluation of genitourinary system trauma in pediatric patients. Ulus Trav-ma Derg. (2001) 7:110–2. 11705033

2. Chapple CR, Png D. Contemporary management of urethral trauma and the posttraumatic stricture. Curr Opin Urol. (1999) 9:253–60. doi: 10.1097/00042307-199905000-00011

3. Koraitim MM. Pelvic fracture urethral injuries: the unresolved controversy. J Urol. (1999) 161:1433–41. doi: 10.1016/S0022-5347(05)68918-5

4. Cooperberg MR, McAninch JW, Alsikafi NF, Sean P. Urethral reconstruction for traumatic posterior urethral disruption: outcomes of a 25-year experience. J Urol. (2007) 178:2006–10. doi: 10.1016/j.juro.2007.07.020

5. Koraitim MM. Post traumatic posterior urethral strictures in children: a 20 years experience. J Urol. (1997) 157:641–5. doi: 10.1016/S0022-5347(01)65239-X

6. Helmy TE, Sarhan O, Hafez AT, Dawaba M. Perineal anastomotic urethroplasty in a pediatric cohort with posterior urethral strictures: critical analysis of outcomes in a contemporary series. Urology. (2014) 83:1145–8. doi: 10.1016/j.urology.2013.11.028

7. Pichler R, Fritsch H, Skradski V, Horninger W, Schlenck B, Rehder P, et al. Diagnosis and management of pediatric urethral injuries. Urol Int. (2012) 89(2):136–42. doi: 10.1159/000336291

8. Fu Q, Xu YM, Zhang J, Jin S-B, Sa Y-L. Use of anastomotic urethroplasty with partial pubectomy for posterior urethral obliteration injuries: 10 years experience. World J Urol. (2009) 27(5):695–9. doi: 10.1007/s00345-009-0394-0

9. Pierce JM. Exposure of the membranous and posterior urethra by pubectomy. J Urol. (1962) 88:256–8. doi: 10.1016/S0022-5347(17)64779-7

10. Podesta ML. Use of the perineal and transpubic approach for the delayed management of pelvic fracture urethral obliterative strictures in children: longterm outcome. J Urol. (1998) 160:160–4. doi: 10.1016/S0022-5347(01)63078-7

11. Jiong Z, Youzhang X, Yong Q, xinru Z. Evaluation of the application of surgical pathways for posterior urethral stricture in children. J Mod Urol. (2002) 7(14):197–9.

12. Chengru H, Jiwu B, Ruoxin L, Ning S. Combined repair of complicated traumatic posterior urethral atresia in boys via pubic bone and perineum. Chin J Urol. (1995) 16:428–30.

13. Kulkarni SB, Surana S, Desai DJ, Orabi H, Iyer S, Kulkarni J, et al. Management of complex and redo cases of pelvic fracture urethral injuries. Asian J Urol. (2018) 5:107–17. doi: 10.1016/j.ajur.2018.02.005

14. Fu Q, Zhang J, Sa Y-l, Jin S-b, Yue-min Xu Y-m. Transperineal bulboprostatic anastomosis in patients with simple traumatic posterior urethral strictures: a retrospective study from a referral urethral center. Urology. (2009) 74(5):1132–6. doi: 10.1016/j.urology.2009.05.078

15. Yuemin X, Qingbing Z, Zizhen H, Mingjun D, Xiangli Y, Chao L, et al. Analysis of the curative effect of anastomosed urethroplasty with urethral transposition of the penis cavernous body in the treatment of complicated posterior urethral stricture. Chin J Urol. (2020) 41(11):825–9. doi: 10.3760/cma.j.cn112330-20200616-00468

16. Jianjun Y, Yuemin X, Sanbao J, Hong X. Interposition of pedicled bulb cavernous muscle flaps to repair urethral fistula. Chin J Urol. (2006) 27:694. doi: 10.3760/J:issn:1000-6702.2006.10.023

17. Anger JT, Sherman ND, Dielubanza E, Webster GD, Hegarty PK. Erectile function after posterior urethroplasty for pelvic fracture-urethral distraction defect injuries. BJU Int. (2009) 104:1126. doi: 10.1111/j.1464-410X.2009.08589.x

18. Blaschko SD, Sanford MT, Schlomer BJ, Alwaal A, Yang G, Villalta JD, et al. The incidence of erectile dysfunction after pelvic fracture urethral injury: a systematic review and meta-analysis. Arab J Urol. (2015) 13:68–74. doi: 10.1016/j.aju.2014.09.004

19. Koraitim MM. Predictor of erectile dysfunction post pelvic fracture urethral injuries: a multi-variate analysis. Urology. (2013) 81:108. doi: 10.1016/j.urology.2012.12.040

20. Koraitim MM. Predicting risk of erectile dysfunction after pelvic fracture urethral injury in children. J Urol. (2014) 02:094. doi: 10.1016/j.juro.2014.02.094



OPS/xhtml/Nav.xhtml




Contents





		Cover



		The surgical techniques of transperineal anastomotic urethroplasty for complex posterior urethral stenosis in boys and the long-term follow up outcomes

		Introduction



		Patients and methods



		Patients and preoperative preparation



		Surgical techniques











		Results



		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

The surgical techniques of transperineal
anastomotic urethroplasty for complex
posterior urethral stenosis in boys and the
long-term follow up outcomes





OPS/images/fped-11-1009259-t002.jpg
Patient Stricture location and
length
Bulbar membrane/3 cm

Age at injury(y) and
interview(y)

Operation type

Anastomosis/ Resection the pubic
symphysis

Short-term
complications

Long-term
complications

Bulbar membrane/4 cm

Anastomosis/ Urethral rerouted Under
one corpus cavernosum

Mild ED

Bulbar membrane/3.5 cm

‘Anastomosis/ Resection the pubic
symphysis

Prostatic membrane/3 cm

Anastomosis/ Penile septum split

Stricture recurrence

none

Prostatic membrane/4.5 cm

‘Anastomosis/ Resection the pubic
symphysis

none

Mild ED

Prostatic membrane/4 cm

Anastomosis/ Penile septum split

none

Bladder neck /3 em

Anastomosis/ Resection the pubic
symphysis

Mild urinary incontinence

Prostatic membrane/3.5 cm

‘Anastomosis/ Resection the pubic
symphysis

Mild urinary incontinence






OPS/images/fped-11-1009259-t001.jpg
Age (years old)

63 (2-14)

Length of stenosis (cm)

42 (3-55)

Location of stenosis

Bulbar membrane

Prostatic membrane.

Bladder neck

Operation history

Internal urethrotomy

Reconstruction of ruptured urethra

Urethral anastomosis

Complicated rectal fistula

Operation methods

Distal urethra free

Penile septum split

Resection of the lower edge of the pubic symphysis

Urethral rerouted under one corpus cavernosum

Operation time (min)

1143

Bleeding (mL)

1107

Follow-up (month)

368 (4-72)

Curative effect

Succeed

85.7% (24)

Maximum flow rate (mL/s)

178 (15-22)

Second operation

‘Waiting for another operation

Complications

Mild urinary incontinence

Erectile Dysfunction






OPS/images/fped-11-1009259-g003.jpg









OPS/images/fped-11-1009259-g002.jpg





OPS/images/fped-11-1009259-g001.jpg





OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





