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Background: Male urethral stricture is a disease with a high incidence rate. With social-economic development in the developing countries, the trend of etiology and treatment of male urethral stricture changed was speculated.

Methods: The clinical data of the male patients with urethral stricture from 2000 to 2019 were analyzed. The subjects were divided into Group A (2000–2009) and Group B (2010–2019) according to treatment time. The pooled analysis of the data extracted from pieces of literature was also performed.

Results: About 540 patients were included in the present study, including 235 patients in Group A and 305 patients in Group B. In recent 10 years, trauma has still been the main cause of urethral stricture. Iatrogenic injury, especially transurethral operation, increases significantly, while male urethral stricture secondary to radiotherapy and infection decrease. Urethroplasty increases and the reoperation rate decreases in treating simple urethral stricture, and flap urethroplasty also increases in treating complex urethral stricture. The results of a pooled analysis of data from 11 centers in Mainland China are partially consistent with it. Complications, such as urethral fistula, false canal, ejaculation disorder, and penile curvature, decrease significantly.

Conclusions: The main causes of urethral stricture in the recent 10 years are still trauma and iatrogenic injuries, and the etiology of urethral stricture is related to socioeconomic development. With the increase of intracavitary minimally invasive treatment and flap urethroplasty, the curative effect is increasing, while iatrogenic urethral stricture cannot be ignored.
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INTRODUCTION

Male urethral stricture (MUS) is a common disease and manifested by dysuria, which is often accompanied by urinary tract infection, and even damages renal function, causes male sexual dysfunction, and lowers the quality of life of patients (1). Due to the unbalanced social-economic development in the various regions of China, under strengthened security measures in working, the incidence of MUS in developing countries is generally higher than that in developed countries (2). As a populous country with developed infrastructures and coal industry, China has suffered a lot from MUS-related social burden, while Hunan Province is a miniature of this situation to some extent. There is no national epidemiology investigation of MUS at present (3); hence, it is necessary to analyze the trend of MUS in various regions of China.

The Center attracts many patients with MUS from the whole province and surrounding areas. The clinical data of patients with MUS were collected in the present study, and the trends of etiology, treatment methods, and outcomes of them were analyzed in the past 20 years, aiming to fill pieces of literature in this field.



METHODS


Patients

Patients with MUS treated in The Second Xiangya Hospital of Central South University from January 2000 to December 2019 were included. The present study was approved by the Ethics Committee of the Hospital, and informed consent was obtained from each patient. The authors had no access to information that could identify individual participants during or after data collection. Inclusion criteria were as follows: (1) ≥18 years old; (2) patients with a history of MUS; (3) patients with symptomatic MUS diagnosed by urethroscopy and urethrography; (4) patients who received treatment related to MUS, but failed to recover; (5) patients with external urethral orifice stricture, and diagnosed with lichen sclerosus. Exclusion criteria were as follows: (1) patients with MUS caused by malignant tumors; (2) patients with untreated hypospadias; (3) patients diagnosed with MUS, accompanied by acute urinary tract infection for the first time, and only received suprapubic cystostomy and anti-infective therapy.



Study Design

The present study was a single-center, retrospective, and observational study. The included patients were assigned into two groups according to the primary visitation date: Group A (January 2000–December 2009) and Group B (January 2010–December 2019). This study was reported according to the Strengthening the Reporting of Observational Studies in Epidemiology Guidelines for Cohort Studies.



Measurements and Evaluation

The clinical data of basic characteristics, stricture site, etiology, comorbidities and treatment strategies, and one-year follow-up were collected.

Criteria for effective treatment: within 1 year after the urethral catheter was removed; the diameter of the urethra was ≥10 F under cystoscopy. The patients were satisfied with excretion of urination and experienced no obvious dysuria or dripping. Furthermore, the International Prostate Symptoms Score (IPSS) was ≤ 12, the Quality of Life (QoL) score was ≤ 3, and the urodynamic test Qmax was ≥15 ml/s. No distinction was made on whether self-catheterization or urethral dilatation was performed in the analysis. Definition of a complex MUS is given as follows: (1) posterior MUS of >2 cm, surrounded by scars caused by pelvic floor hematoma muscularization; (2) accompanied by diverticulum, false tract, and fistulous tract, regardless of the length of the MUS; (3) accompanied by urethral sphincter injury (4).

The clinical data were collected by two researchers independently and submitted to a third researcher for verification. Conflicts in the data were further verified by a third researcher. In addition, the number of patients with missing follow-up data was controlled strictly. When the number of patients lost to follow-up exceeded 10% of the total 560 patients, the general characteristics of the patients who were lost to follow-up and those who were not lost to follow-up were compared.



Pooled Analysis

In order to make the sample more representative and make further comparisons from different aspects, multicenter data were included in the study. China was a developing country with uneven economic and social development. The pooled analysis was based on two consensuses: (1) the social economy is developing over time no matter in which region of China; (2) in the same time, the social economic level gradually increased from the northwest to the southeast in China, and this trend has not changed in the past 20 years. We controlled one of the variables in each step of pooled analysis. A literature retrieval was performed in March 2021 using the China National Knowledge Infrastructure databases. Studies on MUS conducted in different periods and in areas with different economic development levels were selected, and then clinical data were partially extracted and added to our data for pooled analysis. The analysis process included two parts: first, the patients were grouped by treatment time, and then the comparison of the MUS site, etiology, and treatment options was conducted so as to reveal the trend of the disease in China over time; second, the patients were divided into two groups according to the economic level of the area where the hospital is located, and then the same comparison was performed so as to reveal the trend of the disease with different economic levels in Mainland China.



Statistical Analysis

All data were processed with SPSS 22.0 Software, and a two-sided p < 0.05 was defined as statistically significant. If the data followed a normal distribution and showed equal variance, Student's T-test was performed; when the data did not show a normal distribution or homoscedasticity, the Mann–Whitney U test was performed. The mean and SD are expressed as x ±s. Qualitative data were analyzed using Pearson's χ2 test (N ≥ 40 and T ≥ 5), the continuity correction χ2 test (N ≥ 40 and 1 ≤ T < 5), or Fisher's exact test (n < 40 or <1).




RESULTS


Baseline Characteristics

A total of 540 patients were included in the present study. There were 235 patients in Group A (January 2000–December 2009), and the average age of them was 52.79 ± 14.40 years old. There were 305 patients in Group B (January 2010–December 2019), and the average age was 53.18 ± 15.35 years. There was no significant difference in the length and the site of the urethral stricture between these two groups. The follow-up data were missing in 16 patients in Group A and 17 patients in Group B. This was <10% of the sample size.

The most important cause of urethral stricture for the patients in Group A and Group B was trauma, with a proportion of 41.70 and 47.21%, respectively. Iatrogenic urethral strictures ranked second, with a proportion of 34.04 and 31.80%, respectively. Among these, the urethral stricture caused by transurethral procedures significantly increased (11.49 vs. 18.69%, P = 0.022), while the urethral stricture caused by pelvic radiotherapy and urinary tract infection significantly decreased (7.23 vs. 3.28%, P = 0.037; 13.20 vs. 7.87%, P = 0.043) (Table 1).


Table 1. Baseline characteristics of the male patients with urethral stricture.
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Treatment Strategy

Among the patients with simple urethral strictures, 65.00% of the patients in Group A received blind metal urethral sound dilatation, 22.50% of them received endoscopic surgery, and 12.5% of them received urethroplasty; while 63.57% of the patients in Group B received endoscopic surgery, 39.29% of them received direct visual balloon dilatation, and 24.29% of them received direct visual internal urethrotomy. Furthermore, in Group B, the number of patients who received blind metal urethral sound dilatation significantly decreased (P = 0.000), while the number of patients who received direct visual balloon dilatation significantly increased (P = 0.000) (Table 2).


Table 2. Treatment options between the two groups.
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For the patients with complex urethral strictures, compared with Group A, the patients who received urethroplasty (including anastomotic urethroplasty and flap urethroplasty) in Group B increased to 87.88%, especially with flap urethroplasty (P = 0.000), while the patients who received direct visual internal urethrotomy decreased to 14.55% (P = 0.019) (Table 2).



Treatment Effects

This part of the results is shown in Table 3. For the patients with simple urethral strictures, the overall operation success rate was 84.21 and 91.60% in Groups A and B, respectively (P = 0.103), and the reoperation rate within 1 year decreased from 53.95 to 31.30% (P = 0.011). At the same time, the times of dilations and regular urethral dilatation periods in Group B significantly improved, when compared with Group A (P = 0.000, P = 0.000) (Table 3). For the patients with complex urethral strictures, compared with Group A, the overall operation success rate was 65.73 and 67.51% in Groups A and B, respectively, (P = 0.181), and the reoperation rate within 1 year decreased from 27.27 to 14.01% (P = 0.004). The reoperation methods mainly included open surgery and direct visual internal urethrotomy.


Table 3. Therapeutic outcomes between the two groups.
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Postoperative complications are listed in Table 3. For the patients with simple urethral strictures, compared with Group A, the proportion of gross hematuria in Group B decreased from 36.84 to 23.66% (P = 0.043), and the proportion of urinary fistula or false tract in Group B decreased from 18.42 to 7.63% (P = 0.019). For the patients with complex urethral stricture, compared with Group A, the proportion of penile curvature after surgery in Group B decreased from 13.99 to 7.01% (P = 0.047), and the proportion of ejaculation disorder in Group B decreased from 11.89 to 5.10% (P = 0.033). However, there was no significant difference in the remaining complications between these two groups.



Trends of Disease Characteristics in China

Clinical data of 11 centers in Mainland China extracted from five studies were included in the pooled analysis. A trend over time is shown in Figures 1A, 2A that urethral stricture happened more in the bulbar urethra and multiple sites after 2010 (18.4 vs. 14.8%; 9. vs. 5.4%, respectively), urethral stricture caused by trauma, hypospadias surgery, and urethra infection decreased (34.3 vs. 54.2%; 4.8 vs. 8.4%; 4.2 vs. 6.3%, respectively), while urethral stricture caused by the transurethral procedure, instillation of the bladder, and unknown causes increased after 2010 (30.5 vs. 17.1%; 3.2 vs. 2.%; 5.4 vs. 2.8%, respectively), treatment options for direct visual internal urethrotomy, and anastomotic urethroplasty decreased (22.5 vs. 40.9%; 28.3 vs. 32.4%, respectively), while pedicle flap urethroplasty increased (46 vs. 23.6%) after 2010.
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FIGURE 1. Characteristics of the included male patients with urethral stricture. (A) The patients were grouped by treatment time; (B) the patients were grouped by developing and developed regions. * = p < 0.05; ** = p < 0.01; *** = p < 0.001; **** = p < 0.0001.
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FIGURE 2. Treatment options between the two groups. (A) The patients were grouped by treatment time; (B) the patients were grouped by developing and developed regions. * = p < 0.05; ** = p < 0.01; *** = p < 0.001; **** = p < 0.0001.


A trend over the economic level is shown in Figures 1B, 2B, that urethral stricture happened more in the penile and bulbar urethra (30 vs. 22.4%; 27.2 vs. 18.8%, respectively), less in the urethral orifice and membranous urethra after 2010 (1.9 vs. 5.2%; 29.9 vs. 37.9%, respectively), urethral stricture caused by indwelling catheter, radiotherapy, and lichen sclerosus decreased (0 vs. 2.9%; 0 vs. 2.9%; 2.3 vs. 9.%, respectively), while urethral stricture caused by the transurethral procedure and unknown causes increased after 2010 (28.7 vs. 16.5%; 13.8 vs. 4.%, respectively), treatment options for mental urethral sound dilatation and direct visual balloon dilatation (0 vs. 5.2%; 2.5 vs. 11.4%, respectively), while direct visual internal urethrotomy increased (34.5 vs. 13.7%) after 2010. Overall, the results of the pooled analysis were partially consistent with the present study. Of note, the source of patients in large medical centers is complex to some degree; although it is a stable trend that people choose to visit a doctor in a near hospital for convenience and medical insurance policy, it might cause bias of result to divide the level of socioeconomic development by the location of the hospital.




DISCUSSION

With the rapid social-economic development in China, the etiology and treatment for MUS have changed in recent years. The present retrospective study revealed that trauma has always been the main cause of MUS in Hunan Province, which is much higher than in developed countries and is similar to that in developing countries (5–8). These have probably resulted from a large number of electric bicycles and industrial and mining enterprises in Hunan Province. The present study revealed the increasing MUS was caused by iatrogenic injuries, which can be treated through transurethral surgery, indwelling catheters, cystoscopy, prostatectomy, radiotherapy, and hypospadias surgery (9). Cystoscopy and transurethral resection of the prostate have been widely performed in all levels of hospitals in Hunan, which also lead to more iatrogenic injuries; a strict grasp of indications and contraindications are needed. Additionally, with the use of three-dimensional conformal radiotherapy technology in Hunan, complications after pelvic and perineal radiotherapy reduced (10).

The pooled analysis further showed the increase of MUS was caused by the transurethral procedure and the decrease of stricture was caused by urethra infection, because of the gradual promotion of transurethral minimally invasive surgery and improvement of sanitary conditions in Mainland China. In addition, the pooled analysis revealed that the MUS site was different with treatment time and regions, which might be related to the etiological changes of MUS. The pooled analysis of the two parts both reflected the trend of disease characteristics with the socioeconomic development from a larger scale, which thereby better strengthened some of the conclusions of the present study. However, the pooled analysis also showed some different or even competing results from this study. The positive reason may be the increase in statistical power by the large sample, and the negative reason may be the heterogeneity between studies, which led to bias.

With the improvement of surgical technology and growing demands for quality of life and reduction in complications, more and more patients with complex MUS received flap urethroplasty in our hospital, which was consistent with the results of pooled analysis. Urethroplasty is of long-term effectiveness and is being increasingly performed in developed countries (9). In China, the oral mucosa, foreskin flaps, bladder mucosa, colonic mucosa, and other tissue flaps have been used for urethroplasty (11, 12), while the main flaps used are foreskin flaps and scrotal flaps in our hospital. Additionally, treatments for simple MUS are also turning to endoscopic minimally invasive treatment or even urethroplasty.

The common causes for hematuria were lack of electric energy and urethral mucosa injury during the urethral dilatation. In Group B, the less use of blind metal sound urethral dilatation might contribute to reducing bleeding complications. Open surgery often led to penile curvature, abnormal ejaculation, and urethral fistula (13–15); the patients in Group B mainly received endoscopic surgery, which may be the reason for reducing those complications. Additionally, more complex MUS received pedicle flap urethroplasty rather than anastomotic urethroplasty, which might also contribute to less penile curvature.

However, there are some limitations to this study. First, the present study is a single-center investigation with a limited duration of follow-up. Second, the present study included the patients who failed to recover from multiple treatments in other hospitals, which might influence treatments. Third, the heterogeneity between studies might lead to bias in the pooled analysis.



CONCLUSION

The present study still indicates the trends of MUS in Hunan, or even in Mainland China, which is socioeconomic development related. The main causes of urethral stricture in the past 10 years were still trauma and iatrogenic injuries. With the increase of intracavitary minimally invasive treatment and flap urethroplasty, the curative effect is increasing, while iatrogenic urethral stricture cannot be ignored.
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