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Purpose: Androgen stimulation before hypospadias surgery has resulted in in-
creased penile size, fewer complications and improved cosmesis, and suggests
increased neovascularization. To our knowledge the real effect on neovascular-
ization remains to be proved. We studied the histological effects of testosterone on
neovascularization.
Materials and Methods: A total of 26 boys with hypospadias were randomly
allocated to 2 groups before surgical correction. Group 1 did not receive any
treatment and group 2 received 1% testosterone propionate ointment twice daily
for 30 days before surgery. During the surgical procedure a fragment of prepuce
was excised and prepared for histological evaluation. The number and volume
density of blood vessels were determined by labeling for von Willebrand’s factor.
Blood vessel quantification as volume density was done using a video microscopy
system with a superimposed cycloid arch test system.
Results: The groups were similar in age and hypospadias classification. Testos-
terone treated prepuces (group 2) had an increased absolute number of blood
vessels (mean � SD 8.5 � 1.3 vs 4.8 � 1.8 vessels per field) and increased blood
vessel volume density (mean 50.5% � 7.8% vs 24.8% � 8.6% vessels per point)
(each p �0.001) compared to those in untreated patients (group 1).
Conclusions: The use of 1% testosterone propionate ointment before hypospadias
surgery produces neovascularization in absolute numbers and in volume density.
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HYPOSPADIAS is a common congenital
defect and surgical correction, even in
experienced hands, is prone to compli-
cations. A cosmetically adequate surgi-
cal outcome is often not attained with
25% of patients reporting dissatisfaction
with the cosmetic appearance of the pe-
nis.1 Androgen stimulation with tes-
tosterone, dihydrotestosterone or hu-
man chorionic gonadotropin has been
used to improve the cosmesis and de-

crease the complications of hypospa-
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dias surgery since it temporarily in-
creases the penis and makes surgical
correction easier.2 Besides a penile in-
crease other studies have shown de-
creased chordee, corpus spongiosum
thickening and decreased hypospadias.3

Chalapathi et al found no differences in
penile size, testosterone side effects and
serum testosterone when comparing top-
ical to intramuscular testosterone.4

Nevertheless, the testosterone ef-

fects that lead to better postoperative
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results are yet to be fully understood. Histology of
the preoperatively androgen treated prepuce, espe-
cially targeting tissue vascularization, is paramount
once greater blood flow decreases fibrous tissue for-
mation and inflammation, decreases postoperative
complications and improves cicatrization through
better cutaneous nutrition and oxygenation.5

We analyzed the histological effects of topic tes-
tosterone applied before hypospadias surgery on
preputial vascularization.

MATERIALS AND METHODS

The current study received institutional review committee
and parental approval. It was done in accordance with the
ethical standards of the responsible institutional commit-
tee on human experimentation.

We studied untreated prepubescent children with hy-
pospadias who did not present with any other genital or
endocrine condition. After surgery the children were di-
vided at random using the Research Randomizer (www.
randomizer.org) into 2 groups. Group 1 with no testoster-
one included 13 children who did not receive any preop-
erative hormonal treatment. Group 2 with testosterone
included 13 children who received 1% testosterone propi-
onate ointment for use on the whole penis twice daily for
30 days before hypospadias surgical correction. Parents
were instructed to use the same amount each time.

During the surgical procedure a small fragment of pre-
puce (about 1.5 cm2) containing the inner and outer sur-
faces was removed. The preputial fragment was fixed in
10% buffered formalin and routinely processed for paraf-
fin embedding with 4 �m thick sections obtained at 200
�m intervals.6,7 The material was stained with hematox-
ylin and eosin for histological examination. The patholo-
gist evaluated the preputial fragment as a spiral including
10 random fields in which the inner and outer surfaces of
the skin were examined as 1 piece.

The streptavidin-biotin-peroxidase method was used
for immunohistochemical staining for vWf.8 Three ran-
domly chosen microscopic fields at 200� magnification
were photographed. The absolute number of blood vessels

Figure 1. Photomicrographs show preputial morphometric ana
in microscopic field in group 1 patient without testosterone a
vessels per field (arrows) at 16 months. B, group 1 patients

reduced from �200.
per field was counted and the mean number of blood
vessels per field was determined. Using a microscope
adapted video system, including a DMR DMRBE micro-
scope (Leica, Exton, Pennsylvania), a Prior® video camera
and a Trinitron® monitor, 3 randomly chosen 200� fields
were photographed. Cycloid points were superimposed on
the images. The vessels that touched the cycloid points
were counted and those that did not touch were discarded
(fig. 1, A). Vascular volume density (VV) was then deter-
mined using the formula, VV � PP/TP, where PP corre-
sponds to the number of vessels touching each 1 of the 16
cycloid points and TP corresponds to the total number of
points (16).9,10

The means were statistically compared using the un-
paired t test with Prism® software. Results were consid-
ered statistically significant at p �0.05.

RESULTS

The 2 groups were homogeneous according to mean
age and hypospadias classification (see table). In
group 1 mean � SD age was 67.5 � 48.1 months
(range 4 to 120) and in group 2 it was 41.3 � 36.5
months (range 12 to 120). Analysis of immunohisto-
chemical staining for vWF revealed a significant
increase in the absolute number of preputial blood
vessels in group 2 compared to those in group 1
(mean 8.5 � 1.3 vs 4.8 � 1.8 vessels per field,
p �0.001, figs. 1, B and C and 2, A). Structural

, blood vessel quantification by 16 cycloid points (plus marks)
onths. B and C, histological view of quantification of blood
ut testosterone. C, group 2 patient with testosterone. vWF,

Hypospadias classification in groups 1 and 2

Hypospadias No. Group 1 No. Group 2

Glandular 2 2
Coronal 4 5
Subcoronal 4 3
Penile:

Mid 2 2
Posterior 1 1

Totals 13 13
lysis. A
t 69 m
witho
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analysis using the cycloid point method showed a
statistically significant increase in blood vessel vol-
ume density in group 2 compared to that in group 1
(50.5% � 7.8% vs 24.8% � 8.6% vessels per point,
p �0.001, fig. 2, B).

DISCUSSION

Hypospadias correction is a challenging surgery for
the urologist since it demands high operative skills,
experience, and knowledge of the several techniques
described and the quality of the available penile
tissue. Postoperative outcome depends on surgeon
experience, site of the urethral meatus, degree of
penile curvature, urethral plate width and quality,
and the amount and quality of the foreskin available
for correction.11,12 Different degrees of preoperative
fibrosis may be an additional difficulty leading to
unfavorable surgical results since poor quality skin
may result in impaired cicatrization.12

Topical or intramuscular preoperative testoster-
one favorably impacts the surgical results, decreas-
ing the number of postoperative complications.13,14

This is chiefly due to penile lengthening and widen-
ing along with increased vascularization.4,15 Al-
though testosterone use is well accepted by many
pediatric urologists, there is still room for question-
ing its real value for hypospadias preoperatively. In
2010 Gorduza et al reported more complications in
patients with proximal hypospadias after preopera-
tive androgen stimulation, especially in those oper-
ated on less than 3 months after hormone use.16

Little investigation has been done of the real ef-
fects of androgen stimulation on preputial tissue.
Most reports that refer to better vascularization are
based on an empirical view with no histological

Figure 2. There was significant increase in absolute number of p
(8.5 � 1.3 vs 4.8 � 1.8 vessels per field, p �0.001). A, absolute nu
as vessels per point.
study of its real effect on the prepuce. Studies in
other tissues are controversial. In a study of oral
mucosal healing England et al speculated that tes-
tosterone may impact the proliferative phase of
healing, which involves immune processes such as
re-epithelialization and angiogenesis.17 Other stud-
ies show a deleterious effect of endogenous testos-
terone on the healing process, especially in the el-
derly population,18–20 with better healing achieved
by estrogen stimulation.18,19 In experimental mod-
els in mice it was noted that accelerated and better
healing occurred after endogenous androgen block-
age by castration.20

On the other hand, androgen activation and de-
activation are mainly intracellular events that can
differ among cell types and among cells at different
locations. This statement reinforces the need for
more studies of penile tissue, which has a great
correlation with hormonal stimulation. Using im-
munohistochemical staining we found a trend to-
ward more intensive marking in group 1 without
testosterone. This may have been due to the occupa-
tion of androgen receptors by the testosterone ap-
plied on the penis in group 2. We did not separate
the inner and outer foreskin. Although differences
may be present between these 2 types of preputial
skin, we found no study in the literature to support
this hypothesis and justify a different evaluation of
the inner and the outer foreskin.

Better vascularization is important in any repair
surgery, especially that requiring a number of su-
tures whose tightness is essential if urine leaks are
to be avoided. Besides the sutures, cutaneous flap
rotation and the use of cutaneous grafts from the
oral mucosa and other sites are often necessary.
Thus, vascularization is of major importance. Ade-

al blood vessels in group 2 with vs group 1 without testosterone
f preputial blood vessels as vessels per field. B, volume density
reputi
mber o
quately nourished and oxygenated skin is more
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prone to better cicatrization,6 leading to a better
surgical scar with fewer failures and complications.5

To evaluate neovascularization we used vWF,
which is a recognized and efficient marker for this
purpose. vWF is a glycoprotein produced uniquely
by endothelial cells and megakaryocytes. The rapid-
ity, objectivity, sensitivity and specificity of this
technique make it suitable for routine clinical appli-
cation to identify angiogenesis.21

We noted increased vWF labeling in the prepuce of
boys with hypospadias who received topical testoster-
one. This is an important finding when considering the
inverse relation between vascularization, and the de-
velopment of inflammation and fibrosis. Dodge-
Khatami et al used tracheal grafts to repair tracheal
stenosis and observed that when endothelial vascu-
lar growth factor was used before transplantation,
there was higher vascular density, and less submu-
cosal fibrosis and inflammation.22 This shows that
greater blood flow can decrease fibrosis and inflam-
mation. Another study of endothelial vascular
growth factor in a progressive renal failure (rem-
nant kidney) model revealed increased endothelial
cellular proliferation and reduced interstitial colla-
gen deposition. These findings point to hypoxia as a
powerful stimulant of collagen synthesis and the
ability of increased blood flow to decrease these ef-
fects.16 These studies suggest that better vascular-
ized tissue is prone to better healing with less fibro-
sis. As shown in this study, topical testosterone
increases vascularization. According to the studies
described, this may enhance scar formation and
postoperative cosmesis. On the other hand, to our
knowledge we still do not know whether exogenous
hormone is deleterious to the healing process.

Although we noted no local complication, such as
skin reaction, allergy or pain, with testosterone use
on the penis, topical use has the disadvantage of
family control of the dose and the frequency of oint-

ment application during the prescription period. In
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