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Purpose: To ascertain the quantity of instances by which a single surgeon achieves competency and proficiency in using tubularized incised plate (TIP) technique for the repair of distal and mid-shaft hypospadias using the cumulative sum (CUSUM) analysis.



Methods: We retrospectively evaluated patients with distal and mid-shaft hypospadias who were treated by a single surgeon between 2015 and 2021, using a single primary TIP technique with a de-epithelialized Byars flap. Data including type of hypospadias, age at surgery, curvature, operation time (OT), length of the reconstructed urethra, and postoperative outcomes were collected and assessed. CUSUM was used to assess the trends in OT and complication rate (CR) in order to generate the learning curve. The evolution of OT and CR can be divided into three phases: learning, competence, and proficiency.



Results: CUSUM identified three phases in the learning curves of all TIP repairs. The median OT decreased from 135 min [interquartile range (IQR) = 125–155] to 92 min (IQR = 80–100) (P < 0.001), CR decreased from 28 (28%) to 8 (5.3%) (P < 0.001), and reoperations decreased from 15 (15.2%) to 4 (2.6%) (P < 0.001). According to the CUSUM learning curve, technical competency plateaued after the 99th case, and both OT and CR entered a significantly declining proficiency phase after the 231st case. Further, when the neourethral length exceeded the total average, total complications, urethrocutaneous fistula, and reoperations increased (P = 0.013, P = 0.006, and P = 0.028, respectively).



Conclusions: Our study suggests that surgeons performing TIP repair may reach technical competency and achieve proficiency after operating on 99,231 cases, respectively. Moreover, the longer the neourethral length, the higher is the CR.
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Introduction

Hypospadias is a common congenital anomaly of the penis with an incidence of 5–50/10,000 births (1). Tubularized incised plate (TIP) urethroplasty was introduced by Snodgrass et al. in 1994 and is increasingly used to repair hypospadias with mild penile ventral curvatures (2, 3).

Originally designed for monitoring performance and quality in industrial settings, cumulative sum analysis (CUSUM) technique has become a popular technique for analyzing surgical learning curves in the medical field (4, 5). This method can describe and evaluate the entire process of a doctor's competency in terms of proficiency in surgical techniques.

In this study, a series of distal and mid-shaft TIP urethroplasties performed by a single surgeon in a single center were reviewed. By utilizing CUSUM, our objective was to establish a learning curve and delineate the requisite number of cases for attaining competency and proficiency in the repair of hypospadias using primary TIP urethroplasty with a de-epithelialized Byars. Accordingly, the surgeon's experience appears to be an important factor in the complications and outcomes of surgery, especially hypospadias surgery, which requires delicate manipulation. Therefore, we hypothesized that in early clinical practice, there will be a long operative time (OT) and a higher complication rate (CR), which will gradually decrease with an increase in the number of operations.



Material and methods

The need of informed consent was approved by the Ethics Committee of Shenzhen Children's Hospital (2021033). This retrospective study included 381 patients who underwent primary hypospadias repair performed by a single surgeon (J.Y.) in the first 7 years of practice (January 2015 to December 2021). Further, the only inclusion criterion was patients underwent a primary TIP urethroplasty with a de-epithelialized Byars flap. Accordingly, patients with either forms of hypospadias, distal or mid-shaft were included in this study. Data pertaining to age at surgery, type of hypospadias, curvature, OT, length of the reconstructed urethra, and postoperative outcomes were collected and analyzed. All cases included were followed up before being enrolled in our study. The follow-up included several clinical visits by the surgeon (J.Y.) for at least 13 months after surgery. Surgical complications and the need for revision surgery were assessed during the follow-up period.

OT and CR served as the main evaluation indicators for the surgical outcomes and learning curve. In this regard, OT was defined as the time from the initiation of the skin incision to the completion of the procedure. Accordingly, the CR was calculated by dividing the number of complications by the overall case count. Urethral strictures, urethrocutaneous fistulas, glandular dehiscence, and unfavorable cosmesis were among the surgical complications taken into account.

In order to generate a plot depicting the learning curve, the previously described method of CUSUM analysis was performed (6, 7). In this regard, the application equation model of CUSUM-OT was as follows: The difference between the OT of the first patient and the mean OT of all patients was used to establish the CUSUM-OT for the initial patient. The previous patient's CUSUM-OT plus the cumulative discrepancy between the subsequent patient's OT and mean OT to determine the CUSUM-OT for the subsequent patient. By employing this approach, the cumulative sum for each patient was repeatedly extrapolated until the CUSUM-OT value of the last patient reached zero (6).

The learning curve based on surgical complications was determined using CUSUM-CR. In this regard, four parameters need to be set before assessing the learning curve. Accordingly, α (type I error rates) and β (type II error rates) were predetermined as 0.05 and 0.2, respectively. The acceptable outcome rate was established as p0 = 0.08, which stems from previous literature (8). Further, the unacceptable outcome rate was set at p1 = 0.5, based on a previous report, and reaching 50% was considered unacceptable (9). Further, a graph was configured combining the plots of CUSUM-CR and CUSUM-OT to evaluate the learning curve as previously described (10, 11). The learning curve was divided into three phases (10). In this regard, phase 1 was determined as the beginning of the first case with the peaks of CUSUM-CR plot and the CUSUM-OT plot. Phase 2 was defined as the period starting from the peak cases and extending until the conclusion of the plateau period. Phase 3 encompassed the cases occurring after the plateau until the end of the evaluation period. Descriptive statistical methods of frequencies and percentages were used to summarize the categorical data extracted from clinical variables. The median and interquartile range (IQR) were used to summarize the nonparametric continuous variables. To further evaluate the differences between case characteristics and outcomes between the three phases, we analyzed the categorical data using the Chi-square test and the continuous data using the Kruskal-Wallis H-test. Accordingly, p-values were generated by bivariate analysis. For small sample events, Fisher's exact test was used for statistical analysis. Additionally, the Bonferroni method was used to adjust p-values when conducting multiple comparisons. Statistical analysis was performed using the SPSS software (version 19.0; SPSS, Chicago, IL, USA). All methods were performed in accordance with the relevant guidelines and regulations. Statistical significance was set at P < 0.05.


Surgical technique

The steps of the standard procedure were performed as we previously described (12). The only difference from the Snodgrass W.T. (3) is the modified method of barrier layer. Briefly, the prepuce was vertically incised into two halves and brought around the side of the penile ventral shaft. The end of one side of flap was de-epithelialized to harvest a barrier layer.




Results

More than 2,500 hypospadias repair were performed at our institution during the 7-year study period. Accordingly, a single surgeon (JCY) operated on 381 of these patients using a primary TIP urethroplasty with a de-epithelialized Byars flap.

At the time of the initial surgery, the median age of the overall patient cohort was 43.3 months (IQR = 20.5–52.8). The median follow-up duration for all patients was 21.9 months and the minimum follow-up time was 13 months. In our cohort, 236 (61.9%) patients were presented with distal and 145 (38.1%) patients with midshaft hypospadias. Accordingly, 148 (38.9%) cases required penile curvature correction.

The median OT was 107.5 min (IQR = 93.2–122.4). The P value for the difference between the neourethral lengths of the three phases was >0.05. Of the 49 patients with complications, 21 (42.9%) had urethrocutaneous fistulas, 18 (36.7%) had unfavorable cosmesis, six (12.2%) had glanular dehiscence, and four (8.2%) had urethral strictures. Accordingly, 27 patients underwent reoperations, including all cases with urethrocutaneous fistulas and urethral stricture, and some cases who had glanular dehiscence (Table 1).


TABLE 1 Characteristics and outcome of the hypospadias patients.
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The median neourethral length was 13.5 mm (IQR = 11.2–16.4). Accordingly, patients were divided into two groups: those with neourethral length <13.5 mm and those with neourethral length ≥13.5 (Table 2). The P-value for cosmesis outcome was >0.05. There was a significant difference between the groups considering complications (P = 0.013), urethrocutaneous fistula (P = 0.006), and reoperations (P = 0.028).


TABLE 2 Correlation between neourethral length and outcome of the hypospadias patients.
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Phase 1 was set from the start of the practice to the 99th case, Phase 2 was set from the 99th case to the 231st case, and Phase 3 was set after the 231th case (Figure 1). The P-value for median OT was <0.001 between the three phases (135 min [IQR = 125–155]; 104 min [IQR = 90–115]; 92 min [IQR = 80–100], respectively). Further, the CR was significantly different between the three phases (P < 0.001, total; phase 1 vs. phase 2, P = 0.002; phase 2 vs. phase 3, P = 0.037; phase 1 vs. phase 3, P < 0.001, respectively). The peaks for OT and CR were at the 167th and the 144th cases, respectively.
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FIGURE 1
Learning curve of CUSUM plot for OT and CR.




Discussion

TIP is one of the most frequently used procedures for distal hypospadias repair, which its use is becoming more frequent also for mid-shaft and proximal cases (13, 14). Various surgical modifications have been applied to repair hypospadias (15, 16). De-epithelialized preputial skin flap coverage technique is an easy and valuable modified method for hypospadias repair (15, 16).

This study employed the CUSUM technique to analyze the experiential learning curve of a sole surgeon in repairing hypospadias using this modified surgical procedure, focusing on experiential analysis. The learning curve was divided into three phases. Accordingly, in the initial learning phase, not only there was a longer OT, but also a higher CR. After the competence phase, the proficiency phases of both the OT and CR decreased exponentially. As the surgeon's experience increased, both OT and CR notably declined, and the decrease in CR was mainly attributed to fewer fistulas and better cosmesis.

Recently, a single-surgeon series of CUSUM learning curves by Zu'bi et al. showed that the competence phase commenced after surpassing the 127th case, while the proficiency phase of both OT and CR was significantly decreased after the 234th case (10). In comparison, we performed the TIP repair for hypospadias with a modified overlay. Our study showed that the learning curve reached a competence phase after operating on 99 patients, and after a competence phase of 131 patients, the proficiency phase reached by the patient number 231. Both the competence and proficiency phases of our series were achieved earlier, but the competence phase was longer. Moreover, Zu'bi et al. reported a higher severity of hypospadias and younger patients being repaired using the TIP technique during the proficiency phase, resulting in a decreased incidence of complications. Our results also showed fewer complications in younger patients underwent repair using our modified surgical procedure. Further, Zu'bi et al. indicated that they used two types of coverage techniques (dartos layer and spongioplasty) to cover the urethra, which was notably increased in the proficiency phase, which may have influenced the statistical results to some extent. Our series used the single coverage technique for hypospadias repair, which reduces the bias.

Horowitz and Salzhauer (17) reported earlier learning curves for 231 single-stage hypospadias operations performed by one pediatric urologist (M.H.) over a 5 years period in practice. Further, in their study fistula rates were used as the only objective outcome measure for CR, and there was a significant decrease in fistula rates between the first and second two-years. The fistula rates showed a significant decline in each year of observation from 23% to 6%. The fistula rates in our series also showed a gradual decline from the learning phase (10.1%) to the proficiency phase (2.6%).

Numerous studies have confirmed the beneficial impact of surgeon experience on the success rate of hypospadias repair using the TIP technique (10, 18, 19). Rompre et al. (19) reported 303 cases who underwent primary TIP performed by a single surgeon. The learning curve stabilized after 50–70 cases and subsequently continued to decline further in a predictable negative exponential curve. Parikh et al. (18) retrospectively reviewed 184 patients who underwent TIP by a single fellowship-trained surgeon using CUSUM methodology. Their CR remained within the acceptable range until approximately 150 operations were performed, before the CR fell below the lower limit. They demonstrated that the fistula rate in distal hypospadias repairs fell below the acceptable rate after the initial 110 operations. All these studies supported this statement thar as the surgeon's experience increases, the complication rate decreases. Our series showed that even after the initial learning phase in 99 cases, the surgical outcomes improved constantly with time and experience.

Bush et al.'s (8) paper on distal hypospadias repair after pediatric urology fellowship training compared junior surgeons with their mentors to evaluate outcomes. The claim that juniors achieve similar outcomes as mentors can be attributed to several factors. One key factor could be the structured and intensive nature of pediatric urology fellowship training. Junior surgeons undergo focused training with a curriculum designed to enhance their skills and knowledge specific to hypospadias repair. This targeted training equips them with the necessary proficiency to achieve comparable outcomes to their experienced mentors. Moreover, the study may highlight the impact of dedicated supervision on surgical outcomes. Junior surgeons likely receive close mentorship and guidance from experienced practitioners during training and surgeries. This tighter supervision ensures that junior surgeons adhere to best practices, minimize errors, and effectively manage potential complications, thus contributing to comparable outcomes between juniors and mentors. Structured training plays a critical role in this context by providing a framework for skill development and progression. Structured training programs offer numerous benefits, including standardized skill acquisition, continuous learning opportunities, and a supportive environment for skill development. By following established protocols and guidelines, registrars can build confidence, enhance their surgical proficiency, and ultimately contribute to improved patient outcomes.

Although surgeon experience is an important factor in the success of hypospadias surgery, there are still many other factors that influence clinical outcomes, such as meatal location, glans size, and presence of curvature. The initial meatal position, which is the neourethral length that needs to be reconstructed, is the major factor influencing TIP outcomes. Rompre et al. (18) reported that the CR of non-distal hypospadias was higher than that of distal hypospadias. Kim et al. (20) and Lucas et al. (21) reported similar results. Previous studies have mainly explored the relationship between the types of hypospadias and complications, and few studies have reported a correlation between the length of specific defective urethra and complications. Our series results showed that the rates of total complications, urethrocutaneous fistula, and reoperations were lower in the group with neourethral length less than 13.5 mm, compared to that of the other group.

Urethrocutaneous fistula is the most frequent complication of hypospadias, occurring in 13% of patients according to a meta-analysis (22). Further, another large meta-analysis including 49 studies (4,675 patients) reported that only 5.7% of fistulas were observed after primary distal hypospadias repair (23). In our study, although the incidence of fistula was high in the learning phase (10.1%), it reached 2.6% in the proficiency phase, with an overall fistula rate of 5.5% (21/381). Accordingly, our fistula rate is similar to the result of the meta-analysis reported by Pfistermuller et al. (23); however, 38% (145/381) of our cases were mid-shaft hypospadias.

The influence of surgeon experience on the OT of TIP has been reported in many studies, which reported that OT continues to decrease as the surgeon's experience increases (10, 24). We demonstrated that the reduction in OT did not lead to an increase in CR but continued to decrease.

This study has several limitations. First, the retrospective design was conducted at a single center, which might result in a study bias. Second, there must be different follow-up periods for patients who underwent surgery in different phases. Additionally, some patients had only one follow-up visit at 13 months, which might have resulted in missing some complications. Third, our learning curve was formed by a single surgeon, and the others may have different learning patterns. However, we believe that this study has implications for surgeons who use this surgical technique, making it easier for them to quickly learn whether they are proficient in the procedure.



Conclusion

TIP repair is a surgical technique requires attention to details and fine techniques. A certain number of cases is required to achieve technical competence and optimal outcomes. Early surgery is prone to complications, which will undermine the confidence of doctors to a certain extent. This study suggests that a surgeon may reach technical competency by the 99th case and achieve proficiency by the 231st case. Nevertheless, this retrospective study solely involving one surgeon highlights the necessity for prospective studies employing CUSUM analysis with multiple pediatric surgeons. Such studies are crucial for establishing a robust learning curve and determining the minimum number of cases necessary to attain a desirable CR when employing this surgical approach.
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