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Background: The effect of caudal block (CB) on the incidence of urethroplasty complications in 
hypospadias repair remains controversial. The evidence is conflicting, and some confounding bias issues need 
to be addressed. We sought to study a more homogenous group of distal hypospadias patients undergoing 
primary tubularized incised plate (TIP) repair by a senior pediatric urology surgeon in the past 2 years to 
examine the relationship between urethroplasty complications and the use of CB.
Methods: We reviewed our database to identify consecutive patients who had undergone hypospadias 
repairs by a senior director surgeon at our Center between January 2018 and November 2020. To be eligible 
to participate in the study, patients had to meet the following inclusion criteria: (I) have distal hypospadias; 
(II) have undergone a primary TIP repair; and (III) have attended follow-up appointments for a minimum 
period of 6 months. The primary outcome was the development of urethroplasty complications during the 
follow-up period. The principal variable of interest was whether or not CB was used perioperatively. The 
patients were categorized into a CB group (general anesthesia combined with CB) or a control group (general 
anesthesia only). Other potential risk factors were analyzed, including patient age at operation, patient 
weight, glans width, and the length of the urethral plate defect. 
Results: Thirty (12.2%) of the distal patients developed postoperative surgical complications. The 
postoperative surgical complication rates were similar between the different anesthesia groups. Weight, 
the length of the urethral plate length, and glans width did not contribute to the risk. Age was the only 
independent risk factor for postoperative surgical complications, and the complication rates increased in 
older patients.
Conclusions: Our data from consecutive TIP repairs in distal hypospadias patients indicated no association 
between the use of CB anesthesia and the postoperative urethroplasty complication rate. Patients who were 
older in age when they underwent surgery had a higher risk of complications.
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Introduction

Hypospadias is one of the most common congenital 
anomalies in boys. From 1980–2010, the total prevalence 
of hypospadias was estimated to be 20.9 per 10,000 births, 
and in the last decades of the 20th century, the prevalence 
of hypospadias has increased (1). For glandular and 
penile shaft hypospadias repair, the procedure of choice 
is Tubularized urethroplasty with or without incision of 
the urethral plate (TIP). The urethroplasty complication 
rates, e.g., fistulas, meatal stenosis and urethral strictures 
are around 10% in TIP repairs; however, midshaft and 
proximal types have higher rates of complication (2,3). 
Caudal epidural anesthesia is frequently used as an adjunct 
to general anesthesia in children during lower abdominal 
and genital surgeries, including hypospadias repair surgeries 
(4,5). However, the effect of caudal block (CB) on the 
incidence of postoperative urethroplasty complications for 
hypospadias repair is controversial.

Several studies have reported that complication rates 
increase with the use of CB (6,7). These researchers 
have theorized that the use of epidural CB might induce 
blood pooling and penile edema and result in delayed 
tissue healing (7). Conversely, 2 of the most recent large 
retrospective studies (4,8) found no association between CB 
and the incidence of surgical complications in children who 
underwent hypospadias repair. There was also evidence 
that general anesthesia combined with CB elicits few or 
no hemodynamic alterations in children, especially in  
infants (9).

In addition to the conflicting results, some confounding 
bias issues also need to be addressed. First, some large 
retrospective studies have included cases that spanned more 
than 10 years or use more than 1 performing surgeon. 
Consequently, the matureness of surgical techniques and 
learning curve factors need to be considered and carefully 
interpreted. Second, the urethroplasty complication risk is 
associated with the severity of the disease, which is usually 
defined in relation to the original location of the urethra; 
the more proximal the starting point, the greater the risk 
that postoperative complications will develop. The selection 
of the regional anesthesia type for patients is based on 
anesthesiologists’ decisions; however, observational studies 
have shown that a higher proportion of children with 
midshaft or proximal hypospadias receive CB compared to 
those with distal defects (8).

In this study, we sought to examine a more homogenous 
group of distal hypospadias patients who had undergone 

primary TIP repairs by a senior pediatric urology surgeon 
in the past 2 years to examine the relationship between CB 
and urethroplasty complications. We present the following 
article in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/tau-21-355).

Methods

Patient selection

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was reviewed and 
approved by the Ethics Committee of the Guangzhou 
Women and Children’s Medical Center (No. 2020-657701). 
The participants’ guardians provided written informed 
consent for the use of the participants’ clinical data. 

We reviewed our database to identify consecutive 
patients who had undergone hypospadias repairs by a 
senior director surgeon at our Center between January 
2018 and November 2020. Patients’ demographic, clinical, 
and surgical data were evaluated by a fellowship-trained 
pediatric urologist. To be eligible to participate in the study, 
patients had to meet the following inclusion criteria: (I) 
have distal hypospadias; (II) have undergone a primary TIP 
repair; and (III) have attended follow-up appointments for a 
minimum period of 6 months. Patients were excluded from 
the analysis if they had midshaft or proximal hypospadias, 
had underwent repairs using techniques other than TIP, 
had hypospadias combined with other urinary system 
malformations, had incomplete medical records, or had 
attended follow-up appointments for a period of less than  
6 months.

The operation anesthesia strategy that each patient 
received was based on the random allocation of operation 
room. In 1 of 2 operation rooms designated for this 
surgeon’s operations, general anesthesia combined with CB 
were administered, while in the other room, only general 
anesthesia was administered. For anesthesia induction, 
face mask sevoflurane was used. After securing intravenous 
access, propofol was intravenously administered in a single 
dose or repeated doses to maintain sedation. A consultant 
anesthesiologist then performed a caudal puncture with a 
22-gauge catheter by introducing in the caudal space; the 
patient was placed in the left lateral decubitus position. The 
mixed solution for the caudal injection was prepared with 
0.9% saline and ropivacaine.

The surgical techniques and suture materials remained 
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the same for all patients. All patients underwent TIP 
urethroplasty according to previously published techniques. 
Epinephrine was not used. A midline relaxing incision was 
made in the urethral plate, extending from the glans groove 
to the most proximal point of the plate and the midline 
skin closure was done with interrupted 7-0 epithelial 
polydioxanone (PDS) stitches. A compressive dressing was 
applied to the penis for 48 hours. A urethral catheter was 
left in place for 7 days. Patients received Cefaclor until 
catheter removal; anticholinergics were used as needed for 
bladder spasms.

Pos topera t i ve ly,  pa t i en t s  a t t ended  fo l low-up 
appointments at the Urology Outpatient Clinic of the 
Center or got phone call follow-up at 1, 3 and 6 months 
within first year and yearly thereafter to assess any 
postoperative urethroplasty complications. 

Measurements

The primary outcome measure was the presence or absence 
of postoperative urethroplasty complications which 
included fistulas, glans dehiscence, and meatal stenosis. A 
fistula was observed as an abnormal connection between 
the reconstructed urethra and the original meatus skin and 
the tip of the glans, resulting in urine leakage (8). Meatal 
stenosis was defined if a 6-Fr sound would not traverse the 
meatus (10). Glans dehiscence was defined as a complete 
separation of the glans wings resulting in a coronal or 
more proximal meatus, or the complete separation of glans 
wings with an intervening bridge of skin (11). The principal 
variable of interest was whether or not CB was performed 
perioperatively. The patients were categorized into a CB 
group (general anesthesia combined with CB) or a control 
group (general anesthesia only). The other potential risk 
factors (covariates) analyzed in this study included patient 
age at operation [this continuous variable was measured 
in years and patients were classified into the following age 
groups: <2 years, 2–4 years (not inclusive), and ≥4 years]; 
patient weight (in kilograms); glans width (in centimeters), 
and the length of the urethral plate defect (in centimeters).

Statistical analysis

The statistical analyses were performed using SPSS 25 (IBM 
Corporation, Armonk, NY, USA) software. The descriptive 
statistics are presented as means and standard deviations 

(SD) for the continuous variables and percentages for the 
nominal variables. Univariate analyses were conducted to 
test for a significant association between each risk factor 
and the primary outcome and to examine the distribution 
of covariates across the anesthetic groups. Kolmogorov-
Smirnov tests were used to test for normal distribution 
of the data. Mann-Whitney U tests were used for non-
normal distributed continuous variables. T-tests were used 
for normal distributed continuous variables. Categorical 
data were analyzed using Chi-square tests. If more than 
one factor was significant, these factors were included in 
a multivariate logistic regression analysis to estimate the 
adjusted odds ratios (ORs), and 95% confidence intervals 
(CIs) were calculated for the ORs. All tests were 2-sided. A 
P<0.05 was considered significant.

Results

Cohort characteristics

In total, 378 patients underwent TIP hypospadias repair by 
a senior urologists between Jan 2018–Nov 2020 at a single 
tertiary children’s hospital. Six patients with incomplete 
medical records and 26 patients with less than 6 months 
follow-up were excluded, leaving 346 patients. Among these, 
246 were distal type and were included for this analysis. 
Patients had a mean/median age of 2.61/2 years [SD 2.15; 
interquartile range (IQR) 2]. The mean/median weight was 
13.32/12 kilograms (SD 13.32; IQR 4). The mean length of 
the urethral plate defect was 2.08 cm (SD 0.74). The mean 
size of glans was 1.35 cm (SD 0.21). Median follow-up time 
was 8 months. Overall, 130 patients (52.85%) received a 
CB. The results of the univariate analyses comparing the 
covariates between the anesthesia groups are set out in  
Table 1. There were no differences in relation to the 
covariates between the 2 groups.

Thirty (12.2%) of the distal patients developed surgical 
complications. Complication rates were similar between 
the different anesthesia groups. Weight, urethral plate 
length defect, and glans size did not contribute to the risk. 
Age was the only independent risk factor for postoperative 
surgical complications, and the complication rates 
increased in older patients (RR =1.18; 95% CI: 1.00–1.38). 
The post-operation complication rates in patients who 
are younger than 2, aged from 2 to 4 and patients who are 
older than 4 were 7.1%, 11.6% and 22.6% respectively 
(Table 2).
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Table 1 Patients’ demographic data between the different anesthesia groups

Variables Total, N=246
General only, N=116 

(47.15%)
General + CB, N=130 

(52.85%)
P value

Age at surgery (years) 0.56

Mean (SD) 2.61 (2.15) 2.56 (4.8) 2.65 (2.11)

Median (interquartile range) 2 [2] 2 [2] 2 [2]

Age group, n (%) 0.38

<2 years 98 (39.84) 51 (43.97) 47 (36.15)

2 to 4 (not inclusive) 95 (38.62) 40 (34.48) 55 (42.31)

≥4 53 (21.54) 25 (21.55) 28 (21.54)

Weight (kilograms) 0.45

Mean (SD) 13.32 (4.75) 13.30 (5.48) 13.35 (4.23)

Median (interquartile range) 12 [4] 12 (4.28) 12 (18.10)

Length of urethral plate defect (cm) 0.43

Mean (SD) 2.08 (0.74) 2.10 (0.68) 2.07 (0.79)

Median (interquartile range) 2 (0.8) 2 (0.5) 2 (0.7)

Glans size (cm) 0.73

Mean (SD) 1.35 (0.21) 1.35 (0.23) 1.34 (0.20)

Median (interquartile range) 1.4 (0.3) 1.4 (0.28) 1.4 (0.3)

CB, caudal block.

Table 2 Univariate and multivariable analysis of risk factors for urethroplasty complications in distal TIP repair patients

Factors 
No complications,  

N=216 
Complications, 

N=30 

Univariate Multivariate

P value RR (95% CI) P value

Analgesia, n (%) 0.25

General only 99 (85.3) 17 (14.7) 0.27 1.58 (0.73–3.45)

General + CB 117 (90.0) 13 (10.0)

Age in years (SD) 2.52 (2.15) 3.27 (2.08) 0.01 1.18 (1.00–1.38) 0.04

Age group, n (%) 0.02

<2 years 91 (92.9) 7 (7.1)

2 to 4 (not inclusive) 84 (88.4) 11 (11.6)

≥4 41 (77.4) 12 (22.6)

Weight (SD) 13.09 (4.47) 15.02 (6.28) 0.218

Length of urethral plate defect (SD) 2.06 (0.72) 2.25 (0.84) 0.16 1.40 (0.85–2.30) 0.19

Glans size (SD) 1.34 (4.47) 1.36 (0.24) 0.44 0.65 (0.09–4.69) 0.67

TIP, tubularized incised plate; CB, caudal block, HR, hazard ratio.
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Discussion

TIP is a most commonly used procedure for distal and 
proximal hypospadias repair without severe chordee. 
Multiple risk factors have been identified as potential 
detriments to repair success, including the severity of the 
defect, the quality of the urethral plate, an older patient age, 
and the dexterity of the surgeon (12,13).

We studied a more homogenous group of distal 
hypospadias patients who had undergone primary TIP 
repair by a senior pediatric urology surgeon in the past 
2 years, and found no association between CB use and 
postoperative surgical complications. However, having 
an older age at the time of surgery was identified as a risk 
factor associated with higher complication rates.

The findings of our study about the effect of CB are 
consistent with those of Braga et al., who performed a 
retrospective analysis of patients, including TIP patients 
with distal hypospadias, from 2004–2015 (N=405). Braga 
et al. found similar complication rates for children who 
received CB and who did not (8). Zaidi et al. performed 
a retrospective nested case-control study on 114 distal 
1 stage TIP repairs (between 1994 to 2013), and found 
no relationship between the use of CB and postoperative 
complications (14). However, in the above studies, the 
cases included those performed by 2 or more surgeons, 
and the study period spanned over 11 years. Thus, inter-
surgeon variability and surgeon case volume must be 
considered. Further, in a more recent meta-analysis of distal 
hypospadias, the author found that the type of regional 
block administered was not associated with postoperative 
complications (15).

Conversely, Saavedra-Belaunde et al. reviewed patients 
who underwent distal hypospadias repair by a single surgeon 
from 2008 to 2013, and observed that caudal anesthesia 
was associated with a higher risk of fistula occurrence (16). 
However, it should be noted that their study included 
patients who underwent tubularization of the urethral 
plate both with and without urethral plate incision, and 
was also limited by a relatively small sample size (N=192). 
Kim et al. and Taicher et al. both reported a higher risk of 
complications in patients who received caudal anesthesia 
compared to those who received another type of anesthesia. 
Both these studies included all types of hypospadias (4,7). 
As we mentioned above, 1 observational study revealed that 
a higher proportion of children with midshaft/proximal 
hypospadias received CB compared to those with distal 
defects. However, the more proximal the starting point, 

the greater the risk that postoperative complications will 
develop. A randomized controlled study showed that CB 
was associated with a higher urethroplasty complication 
rate. In that study, of the 53 patients recruited, 19% 
developed urethral fistulas and all received CB. However, it 
should be noted that in the research, hypospadias repair was 
performed by urologists or plastic surgeons, and the surgical 
techniques used in the CB group differed to those used in 
other groups.

The proposed mechanism for the increased complication 
risk of CB is that caudal vasodilation modifies the metabolic 
responses of tissues, leading to a decrease in the viscosity 
of blood and coagulability, and promoting the pooling of 
blood in penile tissue and penile engorgement (6,16). CB 
has been shown to lead to a sympathetic block that provokes 
blood pooling in the denervated lower extremities in 
adults. However, in children and infants, caudal anesthesia, 
even when combined with general anesthesia, elicits few 
or no hemodynamic alterations, especially in patients 
younger than 8 years old (9). In infants, the use of CB 
was found to be associated with a significant increase in 
aortic blood flow and aortic stroke volume, and a decrease 
in lower body vascular resistance (9,17). To explain this 
pediatric specificity, 2 hypotheses have been suggested. 
First, compared to adults, children have smaller lower-
limb blood volume, and second, their sympathetic nervous 
systems are “immature” (18). Children may have lower 
basal sympathetic tone than adults. A relative smaller lower-
limb blood volume in children may result in less blood 
pooling in the denervated lower extremities (19). Alizadeh 
et al. conducted a randomized clinical trial showing that CB 
could reduce the volume of blood loss during hypospadias 
repair. The mechanism might involve decreased arterial 
blood pressure due to sympathetic blockade and reduced 
venous tone and congestion in the surgical field (20). 
Further studies need to be conducted to gain a better 
understanding of the effects of caudal anesthesia on penile 
blood flow during and after hypospadias surgery.

Controversy remains as to whether age is a risk factor 
in the development of surgical complications. Hypospadias 
patients in developing countries, possibly due to family 
socioeconomic factors, access tertiary pediatric urology 
care at an older age. In our investigation, patients’ age at 
operation was associated with a 1.58-fold increase in the risk 
of urethroplasty complications. Our findings are supported 
by previous research. Notably, Yildiz et al. reviewed 307 
boys with distal or midshaft penile hypospadias who 
underwent TIP repair, and found that patients in the 10–14 
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age group had a significantly higher risk of developing 
complications than younger patients (12). Two studies 
in China showed that older children (children aged >6) 
who underwent hypospadias repair were at higher risk of 
urethrocutaneous fistulas after operation, while patients 
who were treated for hypospadias before 2-year-old had 
the least incidence of urethrocutaneous fistulas  (21,22). It 
has been suggested that children who undergo hypospadias 
repair at an age of older than 6 are more inclined to develop 
urethrocutaneous fistulas. Yildiz et al. reported a higher 
rate of urethrocutaneous fistulas in patients aged over 10. 
There may be a number of reasons for the lower incidence 
of urethroplasty complications in younger patients. First, 
it might be that the healing ability of younger children 
is stronger than that of older children. Second, erections 
occur more frequently as age increases, and postoperative 
erections are considered a potential risk factor for 
postoperative bleeding and dehiscence, which affects 
postoperative complications, especially urethrocutaneous 
fistulas (22). Third, among adolescent or adult patients, skin 
appendages, such as hair follicles, are potential microbial 
reservoirs, which may lead to perioperative infections 
that affect the overall surgical success. In light of these 
investigations and our results, accessibility to healthcare 
services should be increased so that hypospadias can be 
treated earlier.

This study had several limitations that must be addressed. 
First, the retrospective nature of this study limited our 
ability to collect data on all the potential confounding 
factors. Second, we only included boys with the distal type 
of hypospadias defects. Conversely, the strengths of our 
study include the fact that our data consists of a large series 
of consecutive patients who were operated on by the same 
surgeon using the same operative technique during a time 
span of only 2 years. This allowed us to avoid any variations 
related to different surgeons using different operative 
techniques and changes in techniques due to time and 
learning curves.

Conclusions

Our data on consecutive TIP repairs in distal hypospadias 
patients indicated no association between the use of caudal 
regional anesthesia and postoperative complication rates. 
An older age at the time of operation was associated with a 
higher risk of complications. Thus, the importance of timely 
access to tertiary pediatric urology care for hypospadias 

patients, especially in developing countries, cannot be 
underestimated.
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