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Introduction

Hypospadias is one of the most common congenital anoma-
lies of the male genitalia, with an incidence ranging between 
1:200 and 1:300 live male births [1, 2]. The lack of a stan-
dardized classification system for hypospadias makes it dif-
ficult to include anatomical variations among patients and 
assess surgical outcomes effectively [3–5]. Surgical cor-
rection of hypospadias has evolved over the past decades. 
Tubularized incised plate urethroplasty (TIPU) is commonly 
employed for distal hypospadias repair in many centers and 
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Abstract
Purpose  This study aimed to evaluate anatomical and intraoperative risk factors predicting complications following distal 
hypospadias repair with foreskin reconstruction in pediatric patients.
Methods  A prospective analysis was conducted on all patients with distal hypospadias undergoing tubularized incised plate 
urethroplasty (TIPU) with foreskin reconstruction over a 2-year period. Intraoperative measurements—stretched penile 
length, glans width, glans groove width, meatal position, ischemic time and preputial symmetry—were recorded. Postop-
erative complications and reoperations were analyzed through multivariate logistic regression to determine independent 
predictors.
Results  The patient cohort included 71 operated boys. Median patient age was 2.4 years (range 1-9.1), and median follow-
up was 12.8 months. The most frequent complications were foreskin dehiscence (12.7%), non-retractile foreskin (12.7%), 
meatal/urethral stenosis (11.3%), and urethrocutaneous fistula (7.0%). Prolonged ischemic time (> 60 min) independently 
predicted foreskin dehiscence (p = 0.03) and reoperation (p = 0.003). Shorter PL (≤ 3 cm) was associated with higher ste-
nosis rates, while more proximal distal meatal position (subcoronal/midpenile) increased the risk of foreskin dehiscence 
(p = 0.0006), fistula (p = 0.007), and reoperation (p = 0.02). Age > 2 years significantly predicted meatal/urethral stenosis 
(p = 0.01) and reoperation (p = 0.001). Preputial asymmetry correlated with foreskin dehiscence (p = 0.006), whereas glans 
width and groove width showed no significant associations (p > 0.05).
Conclusion  Prolonged ischemic time, shorter penile length, more proximal distal meatal position, asymmetric prepuce and 
older age at surgery are independent predictors of postoperative complications and reoperations after distal hypospadias 
repair with foreskin reconstruction. Careful preoperative assessment, minimizing intraoperative ischemic duration, and con-
sidering earlier surgery before 2 years of age may improve both functional and cosmetic outcomes.
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is well-documented in the literature [6–8]. Foreskin recon-
struction has also gained attention in selected populations, 
although its adoption remains variable worldwide [9, 10]. 
Foreskin reconstruction has an 8% risk of specific compli-
cations, such as dehiscence or secondary phimosis requiring 
circumcision. However, it does not appear to increase the 
likelihood of urethroplasty complications or affect the over-
all reoperation rate for hypospadias repair [11, 12]. Despite 
advances in surgical methods and perioperative care, post-
operative complications remain a concern [13–15].

Identifying predictive risk factors for postoperative 
complications is crucial in optimizing surgical planning, 
improving outcomes, and reducing reoperation rates. Sev-
eral studies have already investigated various anatomical 
and intraoperative factors that may influence surgical suc-
cess, without drawing any definitive evidence [16–21].

We hypothesized that specific anatomical and intraopera-
tive parameters would be predictive of postoperative com-
plications following distal hypospadias repair.

This study aimed to provide a comprehensive evaluation 
of preoperative anatomical characteristics and intraopera-
tive factors that may correlate with surgical complications 
to improve risk stratification, patient selection and surgical 
techniques.

Materials and methods

Study design and population

We conducted a prospective cohort study over a 2-year period 
(January 2023-January 2025) at a tertiary pediatric urology 
center. All patients included in the study had a confirmed 
diagnosis of distal hypospadias with penile curvature ≤ 30° 
and were scheduled to undergo tubularized incised plate 
urethroplasty (TIPU) with foreskin reconstruction. Patients 
with distal (glanular) or proximal hypospadias, as well as 
those with severe penile curvature (> 30°) requiring staged 

correction, were excluded from the study. Cases presenting 
severe ventral skin deficiency who underwent circumcision, 
as well as those circumcised due to the surgeon’s decision or 
parental request, were excluded. Additionally, patients who 
had undergone preoperative hormonal therapy (either topi-
cal or parenteral testosterone) were also excluded, because 
such treatment can modify penile and preputial anatomy by 
increasing penile length, glans width, and vascularization, 
potentially influencing intraoperative measurements and 
postoperative outcomes. To avoid this confounding effect, 
only patients without any prior hormonal stimulation were 
included.

The study received appropriate Institute Review Board 
(IRB) approval.

Intraoperative assessment

Anatomical measurements were taken intraoperatively 
while the patient was under general anesthesia before any 
skin marking or surgical incision. Measurements were per-
formed by using a ruler and recorded by two experienced 
pediatric surgeons to ensure consistency (Fig. 1). Data were 
recorded in an electronic database to ensure standardiza-
tion and facilitate future analysis. The measured parameters 
included stretched penile length (PL), expressed in centi-
meters (cm) (Fig. 1a); glans width (GW), measured at the 
widest ventral point of the glans, expressed in millimeters 
(mm) (Fig.  1b); glans groove width (GGW), measured at 
its narrowest point between the lateral edges, expressed 
in mm (Fig.  1c); penile curvature, recorded binarily as 
yes/no; penile torsion, recorded binarily as yes/no; meatal 
position, categorized as coronal, subcoronal or midpenile; 
and ischemic time, defined as the duration of the indwell-
ing tourniquet in minutes. Tourniquet time was continuous 
and measured from application to release. In addition, we 
assessed preputial asymmetry, not as a quantitative variable 
but as a qualitative intraoperative finding. The prepuce was 

Fig. 1  Intraoperative measure-
ments: stretched penis length (PL) 
(a); glans width (GW) (b); glans 
groove width (GGW) (c)
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classified as symmetric or asymmetric, based on the sur-
geon’s direct evaluation of the lateral wings and the pres-
ence of the “Ombredanne eyes” pattern.

Surgical technique

All procedures were performed under general anesthesia 
with caudal epidural analgesia to provide optimal periopera-
tive pain control. Two senior pediatric surgeons performed 
all surgeries to minimize variability.

The surgical steps of the TIPU technique included:

	● Degloving the penis: a ventral incision was made along 
the junction between the inner and outer prepuce, ex-
tending around the meatus, followed by ventral deglov-
ing down to the penoscrotal junction. A soft silicone 
tourniquet was applied at the penoscrotal junction im-
mediately before penile degloving and maintained until 
completion of urethroplasty.

	● Artificial erection test: a 21G butterfly needle was used 
to inject normal saline into the glans.

	● Curvature assessment: The angle of curvature was mea-
sured using either a small goniometer or visual inspec-
tion. If the penis was straight or had a curvature of less 
than 30°, a single-stage repair was performed.

	● Midline incision and mobilization: A deep incision was 
made along the urethral plate and in the middle, and the 
glans wings were mobilized. The dissection was extend-
ed to the surface of the corpora cavernosa and contin-
ued laterally to facilitate midline approximation without 
tension.

	● Urethral tubularization: The urethral plate was tubular-
ized using subepithelial continuous 6−0 polydioxanone 
suture.

	● Dartos flap reinforcement: A well-vascularized dartos 
flap was mobilized and placed over the neourethra to 
prevent fistula formation.

	● Glansplasty and meatal reconstruction: Glans wings 
were approximated in 2 layers with subepithelial 6 − 0 
and 5 − 0 polydioxanone suture to ensure a functional 
and natural-looking neomeatus.

	● Preputioplasty: foreskin reconstruction was performed 
in 3 layers (inner prepuce, dartos and skin) with inter-
rupted 6−0 polydioxanone sutures.

Postoperative care and follow-up

An 8- or 10-F urethral catheter and a tubular ozonated oil 
inside-coated device were placed for 5–7 days, according 
to our standard hypospadias dressing protocol [22]. Parents 

were educated on proper postoperative care, including 
wound management, hygiene, and identifying early signs of 
complications. Patients were advised to apply ozonated oil 
externally over the reconstructed foreskin without retraction 
for 3–4 weeks following the dressing removal. Additionally, 
parents were instructed to avoid retracting the foreskin for 
at least 6–8 weeks after surgery. Follow-up visits were con-
ducted on 7, 14, 30, 90, 180, and 360 postoperative days. 
Evaluations included physical examination for signs of 
healing complications, assessment of urinary function and 
cosmesis. Complications were assessed at each follow-up 
visit using a checklist. Meatal stenosis was defined by a nar-
rowed meatus (< 6Fr) associated with obstructive voiding 
symptoms. Other complications included urethrocutaneous 
fistula (UCF), urethroplasty breakdown, glans dehiscence, 
foreskin dehiscence, and non-retractile foreskin. Postopera-
tive complications were graded according to Clavien-Dindo 
classification [23]. Patients requiring additional interven-
tions were scheduled for redo procedures as needed.

Statistical analysis

A comprehensive statistical analysis was performed using 
IBM SPSS Statistics, version 27. Initially, descriptive sta-
tistics were applied to summarize the patient characteristics 
and complication rates. Categorical variables were expressed 
as percentages and compared using the Chi-square test or 
Fisher’s exact test. Continuous variables were reported as 
median with interquartile range (IQR). To compare these 
continuous variables between groups, the Mann-Whitney 
U test was employed for non-parametric distributions. To 
determine independent risk factors for postoperative com-
plications, multivariate logistic regression models were 
constructed. The multivariate logistic regression analysis of 
complications and reoperations was performed between the 
risk factor groups: short penis (PL ≤ 3 cm) vs. long penis 
(PL >3 cm), large glans (GW >10 mm) vs. small glans (GW 
≤ 10 mm), wide urethral plate (GGW >5 mm) vs. narrow 
urethral plate (GGW ≤ 5 mm), meatal position distal (coro-
nal) vs. proximal (subcoronal/midpenile), age at surgery ≤ 2 
years vs. >2 years, and ischemic time ≤ 60 min vs. >60 min. 
A 60-minute cutoff for ischemic time was selected based 
on published data reporting compromised penile perfusion 
beyond this threshold [24, 25] and on the median ischemic 
time observed in our cohort, ensuring a balanced and clini-
cally relevant comparison. The adjusted odds ratios (ORs) 
were reported with 95% confidence intervals (CIs), and sta-
tistical significance was set at p < 0.05.
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(Clavien–Dindo grade II). These complications were identi-
fied at a median follow-up of 4.8 months (range 1–11).

Patient characteristics, intraoperative measurements, and 
postoperative outcomes are summarized in Table 1.

The multivariate logistic regression analysis identified 
ischemic time exceeding 60  min as an independent pre-
dictor of foreskin dehiscence (p = 0.03) and reoperation 
(p = 0.003). PL ≤ 3  cm emerged as an independent predic-
tor of meatal/urethral stenosis. More proximal meatal 
position (subcoronal/midpenile) was associated with sig-
nificantly higher risk of foreskin dehiscence (p = 0.0006), 
UCF (p = 0.007) and reoperation (p = 0.02). Patient age > 2 
years were found to have significantly higher risk of meatal/
urethral stenosis (p = 0.01) and reoperation (p = 0.001). No 
statistically significant correlations were observed between 
glans width, glans groove width and the evaluated compli-
cations (p > 0.05). Conversely, preputial asymmetry was 
found to be significantly associated with a higher risk of 
foreskin dehiscence compared to patients with a symmetric 
prepuce (p = 0.006).

A summary of multivariate logistic regression findings is 
presented in Table 2.

Discussion

Despite the current advancements in surgical techniques, 
hypospadias repair continues to have a significant rate of 
postoperative complications. The identification of risk fac-
tors for these complications is still being explored. Anatom-
ical measurements taken during distal hypospadias repair 
can have predictive value on surgical outcomes [26].

In this prospective cohort of 71 patients undergoing TIPU 
with foreskin reconstruction, we identified several anatomi-
cal and intra-operative factors that significantly predicted 
adverse outcomes, providing useful insights for surgical 
planning and patient counseling. One of the most significant 
observations was the strong correlation between prolonged 
ischemic time (>60 min) and increased risk of foreskin dehis-
cence and reoperation. This finding underlines the critical 
importance of minimizing surgical time and ensuring ade-
quate tissue perfusion during the procedure to enhance heal-
ing outcomes and reduce postoperative morbidity. Previous 
studies have shown that tourniquet application exceeding 
approximately 60 min may impair penile microcirculation 
and increase the risk of wound-healing complications dur-
ing hypospadias repair [24, 25]. In our clinical practice, the 
tourniquet was applied before penile degloving and main-
tained until completion of urethroplasty. Therefore, both the 
penile skin and prepuce were included within the ischemic 
field during the entire degloving and urethroplasty phases. 
However, as degloving was performed rapidly (within 5–7 

Results

The patient cohort included 71 boys with distal hypospa-
dias who underwent TIPU and preputioplasty over the study 
period. The median patient age at time of surgical repair 
was 2.4 years (range 1–9.1). Meatal position was coronal 
in 51 patients (71.8%), subcoronal in 11 (15.5%), and mid-
penile in 9 (12.7%). Intraoperative measurements revealed 
mean PL of 3.23 cm (range 2.0-5.8), GW of 13.5 mm (range 
8–22), GGW of 6.08  mm (range 2.0–13.0), and ischemic 
time of 68.17 min (range 40–120). The distribution of ana-
tomical measurements showed that 11/71 patients (15.5%) 
had GW ≤ 10 mm, while 60/71 (84.5%) had GW > 10 mm.

At a median follow-up of 12.8 months (range 6–24), post-
operative complications were recorded in multiple domains. 
Foreskin dehiscence occurred in 9/71 patients (12.7%), non-
retractile foreskin in 9/71 (12.7%), meatal/urethral stenosis 
in 8/71 (11.3%), UCF in 5/71 (7.0%), and glans dehiscence 
in 1/71 (1.4%). Eleven patients required 13 reoperations 
(18.3%) (Clavien–Dindo grade IIIb). Among the reoperated 
patients, 5/71 (7.0%) underwent urethral calibration under 
anesthesia for meatal/urethral stenosis. One of these patients 
required 3 urethral calibrations to solve the urehtral steno-
sis. Four/71 patients (5.6%) underwent UCF closure with 
circumcision, 1/71 (1.4%) with glans dehiscence under-
went redo-TIPU with circumcision, and 1/71 (1.4%) with 
foreskin dehiscence underwent circumcision. Additionally, 
9/71 (12.7%) patients who developed non-retractile fore-
skin were successfully treated with topical corticosteroids 

Table 1  Patient characteristics, intraoperative measurements, and 
postoperative outcomes
Patient characteristics
Number of patients, n 71
Median age, years (range) 2.4 (1.0–9.1)
Meatal position:
1. Coronal, n (%)
2. Subcoronal, n (%)
3. Midpenile, n (%)

51 (71.8)
11 (15.5)
9 (12.7)

Median follow-up, months (range) 12.8 (6–24)
Intraoperative measurements Mean (range) Standard 

deviation 
(SD)

Stretched penis length (PL), (cm) 3.23 (2.0–5.8) 0.74
Glans width (GW), (mm) 13.5 (8–22) 3.11
Glans groove width (GGW), (mm) 6.08 (2.0–13.0) 2.42
Ischemic time, (minutes) 68.17 (40–120) 16.69
Postoperative outcomes
 Complications
  1. Meatal/urethral stenosis, n (%) 8 (11.3)
  2. Foreskin dehiscence, n (%) 9 (12.7)
  3. Urethrocutaneous fistula, n (%) 5 (7.0)
  4. Glans dehiscence, n (%) 1 (1.4)
  5. Non retractile foreskin, n (%) 9 (12.7)
  Reoperations, n (%) 13 (18.3)
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Foreskin dehiscence OR 95% CI lower 95% CI upper Chi-square p value
PL ≤ 3 cm vs. > 3 cm 0.75 0.18 3.06 0.16 0.69
GW ≤ 10 mm vs. > 10 mm 0.65 0.07 5.79 0.15 0.7
GGW ≤ 5 mm vs. > 5 mm 0.75 0.18 3.06 0.16 0.69
Ischemic time ≤ 60 min vs. > 60 min 0.13 0.02 1.13 4.44 0.03
Meatal position 0.06 0.01 0.47 11.67 0.0006
Age ≤ 2y vs. > 2y 1.79 0.34 9.4 0.49 0.49
Asymmetric prepuce 6.86 1.52 30.99 7.55 0.006
Phimosis OR 95% CI lower 95% CI upper Chi-square p value
PL ≤ 3 cm vs. > 3 cm 2.13 0.49 9.30 1.05 0.31
GW ≤ 10 mm vs. > 10 mm 1.68 0.3 9.42 0.36 0.55
GGW ≤ 5 mm vs. > 5 mm 0.75 0.18 3.06 0.16 0.69
Ischemic time ≤ 60 min vs. > 60 min 0.61 0.14 2.65 0.45 0.5
Meatal position 8.57 0.47 155.34 2.93 0.09
Age ≤ 2y vs. > 2y 4.4 0.52 37.51 2.13 0.14
Asymmetric prepuce 2.3 0.55 9.64 1.35 0.25
Urethrocutaneous fistula OR 95% CI lower 95% CI upper Chi-square p 

value
PL ≤ 3 cm vs. > 3 cm 0.63 0.10 4.0 0.25 0.62
GW ≤ 10 mm vs. > 10 mm 0.5 0.03 9.83 0.22 0.64
GGW ≤ 5 mm vs. > 5 mm 0.63 0.10 4.0 0.25 0.62
Ischemic time ≤ 60 min vs. > 60 min 0.11 0.01 2.15 2.95 0.09
Meatal position 0.08 0.01 0.77 7.14 0.007
Age ≤ 2y vs. > 2y 0.29 0.04 1.87 1.87 0.17
Asymmetric prepuce 1.78 0.27 11.53 0.37 0.54
Glans dehiscence OR 95% CI lower 95% CI upper Chi-square p value
PL ≤ 3 cm vs. > 3 cm 2.0 0.06 61.57 0.16 0.69
GW ≤ 10 mm vs. > 10 mm 12.0 0.38 381.88 3.09 0.08
GGW ≤ 5 mm vs. > 5 mm 2.0 0.06 61.57 0.16 0.69
Ischemic time ≤ 60 min vs. > 60 min 0.64 0.02 19.70 0.07 0.80
Meatal position 0.19 0.01 5.90 1.11 0.29
Age ≤ 2y vs. > 2y 0.23 0.01 7.09 0.84 0.36
Asymmetric prepuce 1.25 0.04 38.76 0.02 0.90
Meatal/urehtral stenosis OR 95% CI lower 95% CI upper Chi-square p 

value
PL ≤ 3 cm vs. > 3 cm 8.21 0.95 70.67 4.88 0.03
GW ≤ 10 mm vs. > 10 mm 4.13 0.82 20.68 3.33 0.07
GGW ≤ 5 mm vs. > 5 mm 0.97 0.22 4.22 0.002 0.97
Ischemic time ≤ 60 min vs. > 60 min 0.16 0.02 1.35 3.56 0.06
Meatal position 0.62 0.13 2.86 0.39 0.53
Age ≤ 2y vs. > 2y 0.12 0.02 0.67 7.47 0.01
Asymmetric prepuce 2.94 0.66 13.13 2.12 0.15
Reoperation OR 95% CI lower 95% CI upper Chi-square p 

value
PL ≤ 3 cm vs. > 3 cm 1.17 0.35 3.9 0.06 0.80
GW ≤ 10 mm vs. > 10 mm 3.24 0.78 13.37 2.84 0.09
GGW ≤ 5 mm vs. > 5 mm 0.36 0.10 1.31 2.53 0.11
Ischemic time ≤ 60 min vs. > 60 min 0.08 0.01 0.62 8.68 0.003
Meatal position 0.25 0.07 0.87 5.18 0.02
Age ≤ 2y vs. > 2y 0.14 0.04 0.53 9.86 0.001
Asymmetric prepuce 1.17 0.31 4.33 0.05 0.82
PL penis length, GW glans width, GGW glans groove width

Table 2  Multivariate logistic regression analysis
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of surgical complications (p >0.05). This may be due to dif-
ferences in surgical technique, use of multilayer closures, 
careful glans dissection, and consistent postoperative care 
protocols in our center, which could decrease the impact of 
this variable.

The main limitations of this study include the relatively 
small single-center sample size and the absence of evalua-
tion of other potentially relevant factors such as individual 
variability in wound healing, differences in surgical tech-
nique, and adherence to postoperative care. Another limi-
tation is the relatively short follow-up period, which may 
underestimate the incidence of late complications such as 
urethral strictures that can appear beyond the first postoper-
ative year. Nevertheless, all patients are being followed lon-
gitudinally, and extended follow-up data will be analyzed to 
confirm long-term outcomes and complication rates.

Despite these limitations, the clinical implications of this 
study are clear. First, reducing ischemic time during hypo-
spadias repair should be prioritized as a critical surgical 
objective to minimize the risk of foreskin dehiscence and 
reoperation. The identification of non-modifiable anatomi-
cal parameters can guide patient selection and individual-
ized surgical planning.

In conclusion, this study highlights the critical role of 
anatomical, individual, and intraoperative factors on the 
postoperative outcome of hypospadias surgery. Prolonged 
ischemic time, shorter penile length, more proximal distal 
meatal position, asymmetric prepuce and older age at sur-
gery are independent predictors of postoperative complica-
tions and reoperations after distal hypospadias repair with 
foreskin reconstruction. Careful preoperative assessment, 
minimizing intraoperative ischemic duration, and consider-
ing earlier surgery before 2 years of age may improve both 
functional and cosmetic outcomes. Larger, multicenter stud-
ies focusing on a wider range of perioperative variables are 
warranted to validate these findings and develop strategies 
for patient selection, surgical planning, and complication 
prevention in distal hypospadias repair.
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min), the largest portion of ischemic exposure corresponded 
to the time required for urethroplasty and glans reconstruc-
tion. Other authors proposed using noninvasive erection 
tests to replicate the body’s normal erection process during 
surgery without requiring repeated punctures of the corpora 
cavernosa, thereby reducing the risks and complications 
associated with the artificial erection test [27, 28].

In addition to ischemic time, we found that preputial 
asymmetry also influenced surgical outcomes. Patients with 
an asymmetric prepuce, characterized by unequal lateral 
wings or presence of Ombredanne eyes, showed a signifi-
cantly higher risk of foreskin dehiscence. This finding high-
lights the relevance of preputial morphology assessment 
in preoperative planning and patient selection for foreskin 
reconstruction.

Interestingly, shorter penile length (≤ 3 cm) was identi-
fied as an independent predictor of meatal/urethral steno-
sis. We think that this correlation may be linked to reduced 
tissue availability for a tension-free reconstruction, thus 
increasing the risk of suture line narrowing during the heal-
ing phase.

Meatal position had also a significant impact on surgi-
cal outcomes. Patients with subcoronal or midpenile meatus 
showed significantly higher risk of foreskin dehiscence, fis-
tula formation and need for reoperation compared to those 
with coronal meatus. This is likely related to the longer ure-
thral segment requiring reconstruction and increased techni-
cal complexity, predisposing to both urethral and preputial 
complications. These findings suggest that in more proximal 
distal variants, careful patient selection is crucial for fore-
skin reconstruction, with a critical balance between func-
tional and cosmetic goals against potential risks.

Age at surgery also emerged as a relevant factor, with 
patients older than 2 years showing increased risk of meatal/
urethral stenosis and reoperation. This result supports the 
importance of early surgical intervention, preferably before 
2 years of age, to achieve optimal healing, better tissue 
handling, and reduce complication rates, in line with estab-
lished pediatric urology guidelines [29].

Previous studies have reported that inadequate glans 
width can lead to insufficient tissue support, contributing 
to structural weakness at the surgical site [16, 19]. These 
studies demonstrated that small glans size, defined as glans 
width < 14 mm, was an independent risk factor for urethro-
plasty complications and the only significant predictor of 
both glans dehiscence and stenosis [16, 19]. Snodgrass et al. 
in 2011 [20] also identified glans anatomy as an important 
determinant of surgical success and emphasized the neces-
sity of precise glans dissection to improve urethral plate 
stability and reduce dehiscence rates. Indeed, in contrast to 
previous studies, our analysis did not show a statistically 
significant association between glans size and occurrence 

1 3

   21   Page 6 of 8



World Journal of Urology           (2026) 44:21 

in patients undergoing TIP urethroplasty (tubularization of 
incised urethral plate) for distal and mid penile hypospadias. J 
Pediatr Urol 16(3):319.e1–319.e7 ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​u​r​o​l​
.​2​0​2​0​.​0​4​.​0​1​4

8.	 Snodgrass W, Bush N (2011) Tubularized incised plate proximal 
hypospadias repair: continued evolution and extended applica-
tions. J Pediatr Urol 7(1):2–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​u​r​o​l​.​2​0​
1​0​.​0​5​.​0​1​1

9.	 Castagnetti M, Bagnara V, Rigamonti W, Cimador M, Esposito C 
(2017) Preputial reconstruction in hypospadias repair. J Pediatr 
Urol 13(1):102–109. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​u​r​o​l​.​2​0​1​6​.​0​7​.​0​1​
8

10.	 Esposito C, Savanelli A, Escolino M, Giurin I, Iaquinto M, Alic-
chio F, Roberti A, Settimi A (2014) Preputioplasty associated 
with urethroplasty for correction of distal hypospadias: a pro-
spective study and proposition of a new objective scoring system 
for evaluation of esthetic and functional outcome. J Pediatr Urol 
10(2):294–299. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​u​r​o​l​.​2​0​1​3​.​0​9​.​0​0​3

11.	 Castagnetti M, Gnech M, Angelini L, Rigamonti W, Bagnara V, 
Esposito C (2016) Does preputial reconstruction increase compli-
cation rate of hypospadias repair? 20-Year systematic review and 
Meta-Analysis. Front Pediatr 4:41. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​p​​e​d​.​2​
0​1​6​.​0​0​0​4​1

12.	 Snodgrass W, Dajusta D, Villanueva C, Bush N (2013) Foreskin 
reconstruction does not increase urethroplasty or skin complica-
tions after distal TIP hypospadias repair. J Pediatr Urol 9(4):401–
406. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​u​r​o​l​.​2​0​1​2​.​0​6​.​0​0​8

13.	 Snodgrass W, Bush N (2014) Recent advances in understanding/
management of hypospadias. F1000Prime Rep 6:101. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​2​7​0​​3​/​p​​6​-​1​0​1

14.	 Luo CC, Lin JN (1999) Repair of hypospadias complications 
using the tubularized, incised plate urethroplasty. J Pediatr Surg 
34(11):1665–1667. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​s​0​​0​2​2​-​3​4​6​8​(​9​9​)​9​0​6​4​
0​-​1

15.	 Borer JG, Retik AB (1999) Current trends in hypospadias repair. 
Urol Clin North Am 26(1):15–37, vii. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​s​0​​0​
9​4​-​0​1​4​3​(​9​9​)​8​0​0​0​4​-​4

16.	 Akova F, Aydın E, Salabas E, Bilgili Z (2022) Glans diameter and 
meatus localization are the sole predictors of primary distal hypo-
spadias surgery complications: A multivariate analysis of single 
surgeon series. Cureus 14(10):e30306. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​7​​7​5​9​​/​c​u​​
r​e​u​s​.​3​0​3​0​6

17.	 Faasse MA, Johnson EK, Bowen DK, Lindgren BW, Maizels 
M, Marcus CR, Jovanovic BD, Yerkes EB (2016) Is Glans penis 
width a risk factor for complications after hypospadias repair? J 
Pediatr Urol 12(4):202.e1–202.e5 ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​u​r​o​l​
.​2​0​1​6​.​0​4​.​0​1​7

18.	 Mosa H, Olczak B, Paul A, Mishra P, Taghizadeh A, Garriboli M 
(2023) Are there anatomical limiting factors to foreskin recon-
struction at the time of single-stage hypospadias repair? J Pediatr 
Urol 19(6):700e. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​u​r​o​l​.​2​0​2​3​.​0​8​.​0​0​4

19.	 Bush NC, Villanueva C, Snodgrass W (2015) Glans size is an 
independent risk factor for urethroplasty complications after 
hypospadias repair. J Pediatr Urol 11(6):355.e1–355.e5 ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​u​r​o​l​.​2​0​1​5​.​0​5​.​0​2​9

20.	 Snodgrass W, Cost N, Nakonezny PA, Bush N (2011) Analysis of 
risk factors for Glans dehiscence after tubularized incised plate 
hypospadias repair. J Urol 185(5):1845–1849. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​0​1​6​​/​j​.​​j​u​r​o​.​2​0​1​0​.​1​2​.​0​7​0

21.	 Bush NC, Holzer M, Zhang S, Snodgrass W (2013) Age does 
not impact risk for urethroplasty complications after tubularized 
incised plate repair of hypospadias in prepubertal boys. J Pediatr 
Urol 9(3):252–256. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​u​r​o​l​.​2​0​1​2​.​0​3​.​0​1​4

22.	 Esposito C, Coppola V, Del Conte F, Cerulo M, Esposito G, Cro-
cetto F, Castagnetti M, Calignano A, Escolino M (2021) Evalua-
tion of a new tubular finger Oxygen-Enriched oil Inside-Coated 

Data availability  No datasets were generated or analysed during the 
current study.

Declarations

Conflict of interest  The authors declare that they have no conflict of 
interest to disclose.

Ethical approval  The study was performed in accordance with the 
ethical standards as laid down in the 1964 Declaration of Helsinki and 
its later amendments. The study was approved by the appropriate in-
stitutional research ethics committee at Federico II University, Naples, 
Italy.

Consent to participate  Written informed consent was obtained from 
the parents or legal guardians.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​
r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

References

1.	 Chen MJ, Karaviti LP, Roth DR, Schlomer BJ (2018) Birth 
prevalence of hypospadias and hypospadias risk factors in new-
born males in the united States from 1997 to 2012. J Pediatr Urol 
14(5):425e1–e7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​u​r​o​l​.​2​0​1​8​.​0​8​.​0​2​4

2.	 Gatti JM, Kirsch AJ, Troyer WA, Perez-Brayfield MR, Smith EA, 
Scherz HC (2001) Increased incidence of hypospadias in small-
for-gestational age infants in a neonatal intensive-care unit. BJU 
Int 87(6):548–550. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​4​6​​/​j​.​​1​4​6​​4​-​4​​1​0​x​.​​2​0​​0​1​.​0​0​0​
8​8​.​x

3.	 Lee AS, Ho CP, Creviston AH, Rana S, Délot EC, Casella DP 
(2024) Objective Documentation of hypospadias anatomy with 
three-dimensional scanning. J Pediatr Urol 20(2):239.e1–239.e6 ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​u​r​o​l​.​2​0​2​3​.​1​1​.​0​4​9

4.	 Arlen AM, Kirsch AJ, Leong T, Broecker BH, Smith EA, Elmore 
JM (2015) Further analysis of the Glans-Urethral Meatus-Shaft 
(GMS) hypospadias score: correlation with postoperative com-
plications. J Pediatr Urol 11(2):71.e1–e71 ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​
/​j​.​​j​p​u​r​o​l​.​2​0​1​4​.​1​1​.​0​1​5

5.	 Kim KJ, Kim JK, Chua ME, Silangcruz JM, Yadav P, Rickard M, 
Lorenzo AJ, Fernandez N (2024) Expert classification of hypo-
spadias: an external validation and evaluation of agreement for 
Glans-Urethral Meatus-Shaft (GMS) and hypospadias objective 
penile evaluation (HOPE) scores. Pediatr Surg Int 40(1):233. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​3​8​3​-​0​2​4​-​0​5​8​1​6​-​8

6.	 Snodgrass WT, Bush N, Cost N (2010) Tubularized incised 
plate hypospadias repair for distal hypospadias. J Pediatr Urol 
6(4):408–413. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​u​r​o​l​.​2​0​0​9​.​0​9​.​0​1​0

7.	 Shoor G, Sugandhi N, Acharya SK, Chakraborty G, Teckchandani 
N, Dixit A, Kour H, Bagga D (2020) Outcomes of Preputioplasty 

1 3

Page 7 of 8     21 

https://doi.org/10.1016/j.jpurol.2020.04.014
https://doi.org/10.1016/j.jpurol.2020.04.014
https://doi.org/10.1016/j.jpurol.2010.05.011
https://doi.org/10.1016/j.jpurol.2010.05.011
https://doi.org/10.1016/j.jpurol.2016.07.018
https://doi.org/10.1016/j.jpurol.2016.07.018
https://doi.org/10.1016/j.jpurol.2013.09.003
https://doi.org/10.3389/fped.2016.00041
https://doi.org/10.3389/fped.2016.00041
https://doi.org/10.1016/j.jpurol.2012.06.008
https://doi.org/10.12703/p6-101
https://doi.org/10.12703/p6-101
https://doi.org/10.1016/s0022-3468(99)90640-1
https://doi.org/10.1016/s0022-3468(99)90640-1
https://doi.org/10.1016/s0094-0143(99)80004-4
https://doi.org/10.1016/s0094-0143(99)80004-4
https://doi.org/10.7759/cureus.30306
https://doi.org/10.7759/cureus.30306
https://doi.org/10.1016/j.jpurol.2016.04.017
https://doi.org/10.1016/j.jpurol.2016.04.017
https://doi.org/10.1016/j.jpurol.2023.08.004
https://doi.org/10.1016/j.jpurol.2015.05.029
https://doi.org/10.1016/j.jpurol.2015.05.029
https://doi.org/10.1016/j.juro.2010.12.070
https://doi.org/10.1016/j.juro.2010.12.070
https://doi.org/10.1016/j.jpurol.2012.03.014
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jpurol.2018.08.024
https://doi.org/10.1046/j.1464-410x.2001.00088.x
https://doi.org/10.1046/j.1464-410x.2001.00088.x
https://doi.org/10.1016/j.jpurol.2023.11.049
https://doi.org/10.1016/j.jpurol.2023.11.049
https://doi.org/10.1016/j.jpurol.2014.11.015
https://doi.org/10.1016/j.jpurol.2014.11.015
https://doi.org/10.1007/s00383-024-05816-8
https://doi.org/10.1007/s00383-024-05816-8
https://doi.org/10.1016/j.jpurol.2009.09.010


World Journal of Urology           (2026) 44:21 

27.	 Hadidi AT, Fawzy M, Sennert M, Wirmer J (2023) The natural 
(non-invasive) erection test: is it a reliable alternative to the arti-
ficial erection test? J Pediatr Urol 19(6):702–707. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​1​​0​1​6​​/​j​.​​j​p​u​r​o​l​.​2​0​2​3​.​0​8​.​0​0​9

28.	 Jesus LE (2024) Non-invasive erections induced by perineal 
compression May be reflex. J Pediatr Urol 20(3):553. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​u​r​o​l​.​2​0​2​4​.​0​1​.​0​2​4

29.	 van der Horst HJR, de Wall LL (2017) Erratum to: hypospa-
dias, all there is to know. Eur J Pediatr 176(10):1443. ​h​t​t​p​s​:​​​/​​/​d​
o​​i​.​o​​r​​g​​/​​1​0​​.​1​0​​​0​7​/​​s​0​0​​4​3​1​-​​0​1​7​-​​2​9​7​1​-​3. Erratum for: Eur J Pediatr 
176(4):435–441

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

dressing device in pediatric patients undergoing distal hypospa-
dias repair: A prospective randomized clinical trial part II. Front 
Pediatr 9:638406. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​p​​e​d​.​2​0​2​1​.​6​3​8​4​0​6

23.	 Dindo D, Demartines N, Clavien PA (2004) Classification of sur-
gical complications: a new proposal with evaluation in a cohort 
of 6336 patients and results of a survey. Ann Surg 240:205–213. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​0​1​​.​s​l​​a​.​0​​0​0​0​1​​3​3​​0​8​3​.​5​4​9​3​4​.​a​e

24.	 Ateş U, Ekberli G, Taştekin NY, Göllü G, Çakmak M (2018) 
Tourniquet and adrenaline use in hypospadias surgery: a survey 
on the current practice in Turkey. Turk J Urol 45(3):218–222. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​5​​1​5​2​​/​t​u​​d​.​2​0​1​8​.​9​4​4​1​2

25.	 Alizadeh F, Fakoor A, Haghadani S (2016) A comparison between 
tourniquet application and epinephrine injection for hemostasis 
during hypospadias surgery: the effect on bleeding and postopera-
tive outcome. J Pediatr Urol 12 :160.e1-160.e5 ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​0​1​6​​/​j​.​​j​p​u​r​o​l​.​2​0​1​6​.​0​2​.​0​0​5

26.	 Sennert M, Wirmer J, Hadidi AT (2022) Preoperative Glans & 
penile dimensions in different hypospadias grades. J Pediatr Urol 
18(1):47–53. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​u​r​o​l​.​2​0​2​1​.​0​9​.​0​2​0

1 3

   21   Page 8 of 8

https://doi.org/10.1016/j.jpurol.2023.08.009
https://doi.org/10.1016/j.jpurol.2023.08.009
https://doi.org/10.1016/j.jpurol.2024.01.024
https://doi.org/10.1016/j.jpurol.2024.01.024
https://doi.org/10.1007/s00431-017-2971-3
https://doi.org/10.1007/s00431-017-2971-3
https://doi.org/10.3389/fped.2021.638406
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.5152/tud.2018.94412
https://doi.org/10.5152/tud.2018.94412
https://doi.org/10.1016/j.jpurol.2016.02.005
https://doi.org/10.1016/j.jpurol.2016.02.005
https://doi.org/10.1016/j.jpurol.2021.09.020

	﻿Anatomical and intraoperative predictors of surgical complications after distal hypospadias repair with foreskin reconstruction: a prospective study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design and population

	﻿Intraoperative assessment
	﻿Surgical technique
	﻿Postoperative care and follow-up
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿References


