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Vascularization of vessel pedicle in hypospadias and
its relationship to near-period complications

ZHANG ZHAO'?", NING SUN>" and XIANGMING MAO'#

1Department of Urology, Southern Medical University, Guangzhou, Guangdong 510515; 2Department of

Urology, Guangzhou Women and Children's Medical Center, Guangzhou, Guangdong 510623; 3Department of

Urology, Beijing Children's Hospital, Beijing 100045; 4Department of Urology, Zhujiang Hospital,
Guangzhou, Guangdong 510000, P.R. China

Received November 28, 2017; Accepted May 8, 2018

DOI: 10.3892/etm.2018.6475

Abstract. The present study evaluated the relationship betw-
een the vascularization of vessel pedicle and the near-period
complication by assessing the surgery effect and recognizing
the blood supply of the material for urethra reconstruction and
collected the follow-up of the hypospadias patients after the
operation. We illuminated the prepuce by a lighting technique
using cold light and then photographed, and recorded the distri-
bution and the quantity of vessels. Then classified, analyzed
and summarized the vascularization of vessel pedicle. Patients
who were repaired by Duckett technique were followed up for
1-5 months after the operation. We classified vessel pedicle
vascularization in hypospadias cases into four patterns based
on the predominant blood vessels. The number of predominant
vessels had no exact relationship to the meatal location. The
incidence of fistula and stricture had no exact relationship to
the number of predominant vessels. In conclusion, there is no
exact congruent relationship between the types of vasculariza-
tion with the meatal location. Vascularization of vessel pedicle
had no exact relationship with urethral fistula or stricture.

Introduction

Hypospadias is a condition where the urethra opens on the
underside of the penis with associated ventral penile curva-
ture, and it is the second most common genital birth defect in
boys, following cryptorchidism. The incidence of hypospadias
is ~1:200-1:300 male births, and has doubled over the past
three decades. Hypospadias correction is one of the common
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surgical procedures performed by pediatric urologists (1,2).
The initial diagnosis of hypospadias is typically made during
physical exam after birth, where boys with hypospadias are
found to have a ventral skin deficiency with a dorsal hood
of foreskin and an abnormally located meatus with varying
degrees of ventral penile curvature. The standard classifica-
tion of hypospadias is based on the location of the urethral
meatus: distal, midshaft, or proximal. For operative plan-
ning, many aspects of the hypospadias information are taken
into consideration: location of the meatus and the degree of
proximal spongiosal hypoplasia; quality of the urethral plate;
size of the glans and the depth of the navicular fossa; degree
of ventral skin deficiency and availability of the foreskin, and
so on. The most common early complications of hypospadias
surgery include urethral fistula, stricture and diverticulum
dilatation (3). Both the occurrences of urethral fistula urethral
stricture are related to the blood supply of molding material
for urethra reconstruction (4).

There are quite detailed research on blood supply of normal
penis, and the recognition towards prepuce vascular distribu-
tion is relatively consistent (5). But quite limited research has
been done in prepuce vascular distribution in children with
hypospadias, especially in the Chinese. A correct recognition
of prepuce vascular distribution in child cases with hypo-
spadias is very important to understand the blood supply of
molding urethra, operative prognosis and surgical operation.

In this report, the authors generalized, analyzed and
summarized vascular distribution of vessel pedicle in children
with hypospadias through transmitting prepuce with cold light
illuminator, and carried out a prospective study to discuss the
blood supply of different vascular distribution types as well as
their relevance to short-term complications after operation.

Patients and methods

Patients. Our study received approval of the Ethics Committee
of Guangzhou Women and Children's Medical Center
(Guangzhou, China) Affiliated to Capital Medical University
(Beijing, China), and informed consent was signed by the
parents of the patients. This study was conducted on primary
cases with subcoronal, distal- or mid-penile hypospadias and
suitable for urethroplasty. Cases with glanular, recurrent, or
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Figure 1. Trans-illumination with endoscopic cold light source. (A) The overall vascular distribution of prepuce; the vascular distribution of (B) vascular
pedicle of flap and (C) skin; (D) blood vessels at the junction of inner and outer prepuce; (E) ramus communicans.

moderate-to-severe chordee were excluded from the study. A
total of 115 children with hypospadias undergoing surgery
at Beijing Children's Hospital affiliated to Capital Medical
University (Beijing, China), between October 20, 2010 and
March 2, 2011 were selected as the research objects (age range,
1-12 years; median age, 24 months; mean weight, 11.35 kg;
mean height, 87.20 cm). The surgeon was a pediatric urology
surgery specialist trained for >10 years with >15 years of expe-
rience in hypospadias repair surgery. The surgical methods
included Duckett, ONLAY, Snograss, and MAGPI (meatal
advancement and glanuloplasty). Pedicled flaps of prepuce
were cut for urethral molding in Duckett and ONLAY (onlay
island flap); peeled vascular pedicle were to cover the new
urethra in Snodgrass and MAGPI (6).

Methods. Endoscopic cold light source was used to trans-illu-
minate the prepuce (before the operation), flap vascular pedicle
and residual prepuce skin (during the operation) (Fig. 1). All
data were saved in the form of photographs, and the distri-
bution and number of blood vessels were observed by two
observers, then recorded and analyzed. Child patients under-
going Duckett procedure were followed up for 1-5 months to
understand the occurrence of complications considering that
the flap used in molding urethra by Duckett mostly depends on
the blood supply from pedicle blood vessels.

Statistical analysis. Data were analyzed by SPSS 19.0 soft-
ware (IBM Corp., Armonk, NY, USA). Data were analyzed
using the Chi-square test, and differences between groups
were considered significant at P<0.05.

Results

Vascular distribution within the vessel pedicle. The number
and distribution of superficial vessels within the prepuce

varied, and there was no clear relationship between the super-
ficial and deep vessels of the prepuce. In terms of the overall
prepuce, the superficial vessels and deep vessels were easily
distinguishable (Fig. 1A); however, the deep vessels were
usually on or leaned towards the middle line (Fig. 1A). These
blood vessels were later horizontally distributed at the junction
of the inner and outer prepuce (Fig. 1D). The deep layer of
the superficial fascia together with the skin at the junction of
the inner and outer prepuce constituted a peduncle island skin
flap, and the superficial layer of the superficial fascia supplied
blood to the remaining skin (Fig. 1B). Occasionally, a ramus
communicans was visible between the superficial and deep
layers of the superficial fascia or between the superficial fascia
and deep fascia (Fig. 1E).

The vascular distribution and length of the vascular pedicle
(deep layer of the superficial fascia) were obviously regular.
When based on the number of predominant blood vessels, the
following four types of vascular pedicles were identified: i) one
blood vessel was predominant (Fig. 2A); ii) two blood vessels
were predominant (Fig. 2B); iii) numerous blood vessels (=3)
were presented (Figs. 2C and D); and iv) no predominant blood
vessel was presented (e.g., no definite axial vessel displayed
a network distribution) (Fig. 2E). All types of predominant
vessels were axially distributed, and then showed a transverse
distribution and formed numerous reticular lateral branches at
the junction of the inner and outer prepuce. The predominant
vessels in the same pedicle displayed no obvious difference in
their development, and a majority was symmetrically distributed
along the middle line of the pedicle. The patients were assigned
to four different groups based on their meatal location (Table I).
Next, the Chi-square test showed that the number of predominant
vessels was not directly related to the meatal location (P=0.449).

Follow-up. Eighty-three children were treated with Duckett
procedure. Seventy-nine of the children received follow-up and
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Figure 2. Vascular distribution type of vascular pedicle. (A) One blood vessel and (B) two blood vessels were predominant; (C and D) numerous blood vessels

(n=3) were present; (E) no predominant blood vessel was present.

Table I. The vascular distribution type data for all groups
according to their meatal location.

Table II. The occurrence of urethral fistula and stricture by
vascular distribution type in follow-up group.

Vascular Glanular

distribution and Rate

(type) coronal Penile Penoscrotal Perineal Total (%)
1 10 20 18 1 49 426
2 7 13 17 2 39 339

Numerous 4 5 6 4 19 165

No predominant

vessels 1 3 3 1 8 7

Chi-square test was carried out, F=P=0.449>0.05.

No. of No. of

Vascular Total cases with cases with Urethral Urethral
distribution no. of urethral urethral ~ fistula stricture
pattern follow-ups  fistula stricture  rate (%) rate (%)

1 36 2 3 5.6 8.3

2 26 5 1 19.2 3.8
Numerous 14 0 1 0.0 7.1
No predominant
vessels 3 1 0 333 0.0
Total 79 8 5 10.1 6.3

four were lost to follow-up. The follow-up findings showed:
i) eight cases had urethral fistula and five cases had urethral
stricture (Table II); and ii) the Chi-square test showed that the
number of predominant vessels was not significantly related
to urethral fistula (P=0.088) or stricture (P=0.866) (Table II).

Discussion

Surgery is the only curative treatment for hypospadias. The
frequently used Duckett surgical method (7) is ideal for
achieving a one-step repair of hypospadias accompanied by
chordee of the penis. Duckett procedure has been performed
with increasing success at Beijing Children's Hospital affili-
ated with the Capital Medical University for ~30 years (8),
and its most common short-term complications are urethral
fistula, stricture, and diverticulum dilatation. The occurrence
of urethral fistula and stricture may result from local tissue

Chi-square test was carried out among all four groups (urethral fistula:
F=P=0.088>0.05, urethral stricture: F=P=0.866>0.05), and carried out between
each two groups. All the P-values were >0.05.

ischemia and necrosis of the molding material used for urethra
reconstruction. Moreover, preservation of blood supply to the
island flap and remaining prepuce skin may be a key factor for
improving the success rate of Duckett procedure and reducing
the incidence of complications (9-11). Therefore, an accurate
assessment of vascular distribution in the prepuce of children
with hypospadias may create the foundation for improving the
success rate of hypospadias treatment, and plays a critical role
in preventing postoperative urethral fistula and stricture.

The distribution of vasculature in the normal prepuce is
well-known. It is generally believed that blood vessels in the
prepuce have two layers which can be easily separated. The
junction of the inner and outer prepuce has the most abundant
blood supply (12-15) and can serve as an island flap (7,9,16-19).
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This type of vascular distribution is the anatomic basis of
Duckett procedure, as it not only ensures blood supply to the
flap, but also prevents penis skin necrosis, which has been
demonstrated once again in this study.

Although Duckett procedure has been used for >30 years
since its initial description, and the flap design takes the vessel
present in the foreskin into account. There has been no signifi-
cant improvement in the success rate of the procedure. The lack
of improved success is related to surgical skills, postoperative
management by the operator, and the medical conditions of the
operated children. However, some scholars argued that the blood
supply to a prepuce affected by hypospadias varies greatly, and
could be irregular. In other words, the actual factors that directly
affect blood flow to the prepuce, and the degrees of variation
in blood flow are not yet fully recognized and understood (20).
Perovic and Radojicic (21) (2003) and Yucel ef al (22) (2004)
studied vascular distribution in hypospadias patients by using
methods such as trans-illumination with a cold light source,
microscopic observations after an injection of gelatin and
Indian ink, methylene blue injection, and 3-D computer recon-
struction after tissue sectioning. Both of those investigators
identified four types of prepuce vascular distribution: i) one
predominant blood vessel; ii) two predominant blood vessels;
iii) two predominant blood vessels with ramus communicans
(H-like form); and iv) no predominant blood vessel (net-like
form). They also demonstrated the accuracy of data obtained by
transillumination through the prepuce with a cold light source.
While our current study used the same cold light method,
the overall vascular distributions did not adhere to the rules
reported by Perovic and Radojicic (21) and Yucel et al (22).
Furthermore, we found that vascular distribution on the
peduncle island skin flap was very regular. The distribution law
pertaining to blood vessels found in the deep foreskin region
as summarized in this study was similar to the general blood
vessel distribution law described by Cagr1 Savas et al (24). We
suspect that the latter law reflects the former law. This is because
prior to performing the transillumination test on foreskin with
a cold light source, normal saline was injected into the foreskin
to cause edema. This allowed superficial and deep vessels in
the foreskin to be displayed in a clear hierarchy to be easily
identified (Fig 1A). As Cagr1 Savas et al (24) did not perform
that step, direct transillumination with a cold light source did
not help to distinguish between superficial and deep vessels. As
a result, Cagr1 Savas et al (24) observed the distribution of all
superficial and deep vessels, and the deep vessels were thicker
than the superficial vessels. When the foreskin was observed as
a whole, deep vessel might have been mistakenly identified as
main vessels.

Yucel et al (22) reported that the frequency of a net-like
arterial system (no predominant blood vessel) was higher in
more severe hypospadiac prepuces; however, this phenomenon
was not observed in our current study (Table I). Moreover,
we verified the simplicity and practicability of performing
trans-illumination through the prepuce with a cold light source.
It is possible to observe the vascular distribution and running of
the prepuce in a clear and intuitive manner using this method.
Perovic and Radojicic (21) reported that it is easier to create a
peduncle island flap with a good blood supply in patients with
a predominant vessel. While creating a peduncle island flap is
not recommended for patients without an axial predominant

2411

vessel, such patients can still be treated with a stage operation.
However, in our study, urethral fistula and stricture showed no
association with the number of foreskin vascular pedicles, and
there was no obvious difference in the incidences of urethral
fistula and stricture between patients with and without vessels
in the vessel pedicle. It is possible that blood supply to the
neourethra is not only determined by the predominant blood
vessel in the pedicle, but also by tissue surrounding the neoure-
thra and remaining foreskin. Moreover, tissue surrounding the
neourethra and the remaining foreskin might provide sufficient
blood supply for the neourethra. Free grafts have been used to
repair hypospadias for many years with a high success rate (23).
Therefore, it is not always necessary to totally dissociate the
vessel pedicle from foreskin tissue to retain all of the blood
vessels in the vessel pedicle; instead, it is necessary to ensure
that the vessels are not damaged. Trans-illumination with a
cold light source can help surgeons to avoid vessel damage.
Furthermore, the number of predominant vessels should not be
the basis for determining whether to use a stage operation or a
one-stage operation for hypospadias repair.

Cagr1 Savas et al (24) reported that microvessel density
was significantly decreased in hypospadiac children, and
was negatively correlated with the severity of the condition.
This finding suggests that blood supply to the neourethra or
the occurrence of postoperation complications may be associ-
ated with microvessel density. Ceyhan et al (25) studied this
possibility, and reported that reduced preputial microvessel
density did not influence blood flow in cases of distal hypo-
spadias. However, the relationship between blood flow and
preputial microvessel density in other types of hypospadias
(e.g., degrees III and I'V) has not been investigated. Moreover,
the association between microvessel density and surgical
results (occurrence of complications) has not been reported,
and requires further study.

In conclusion, the deep blood vessel distribution of prepuce
in patient with hypospadias can be divided into four types.
There is no exact congruent relationship between the type of
vascularization and the meatal location. There are no significant
differences in blood supply of prepuce among the different
types. Vascularization of vessel pedicle has no exact relationship
to urethral fistula or stricture. This study further demonstrates
the anatomic basis of prepuce that Duckett surgery relies on. It is
not necessary to dissociate the vessel pedicle from foreskin too
much to keep all of the vessels in the vessel pedicle. Vascular
integrity should be ensured and trans-illumination with a cold
light source can help us to avoid vessel damage.
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