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Abstract

Background: Although the outcome of hypospadias repair has much improved, repair of a small-sized phallus is
still challenging. Whether preoperative hormonal therapy is beneficial remains controversial.
In this report, we prospectively conducted a clinical trial comparing two groups of patients regarding the effect of
preoperative topical testosterone application on the outcome of primary hypospadias repair.

Results: The study included 40 cases of primary hypospadias with a small glans. Their age ranged from 6months
to 3 years. Patients were divided into two equal groups. Group A were treated by local application of testosterone
topical gel 1% for 30–40 days and stopped one month before operation, while cases in group B did not receive
preoperative hormonal treatment. Genital skin biopsies were taken for histopathological examination. For group A,
penile measurements were documented before and after hormonal therapy.
There was a significant increase in all penile parameters after hormonal stimulation in group A. Interestingly, the
ventral penile length proximal to the meatus showed more growth in response to hormonal stimulation compared
to ventral penile length distal to meatus.
We did not find significant difference between both groups regarding the rate of postoperative complications. Also,
the cosmesis and parent satisfaction were ‘more or less’ similar. On the histopathological level, we could not detect
a difference between both groups regarding micro-vessel density using CD31, which is a vascular marker indicating
neovascularization supposed to play a fundamental role in the healing process.

Conclusion: The use of preoperative topical testosterone significantly increases the size of the hypospadiac phallus.
However, this increase in size appears to be disproportionate on the ventral penile surface and has not been
reflected on improving the surgical outcome.

Level of evidence: This is a case control study (level III evidence).
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Background
Hypospadias is one of the most common congenital
anomalies, with an incidence of about one in every 250
newborns [1]. Hypospadias represents a wide spectrum
of abnormalities involving the inferior surface of the
penis and having in common a urethral opening that lies
on the inferior surface of the penis [2]. Repair of a small
hypospadiac phallus can be technically challenging.
Some reports cited that androgen therapy before genital
reconstruction improves the cosmetic and surgical re-
sults of these demanding operations [3–6]. On the other
hand, others concluded that preoperative testosterone
was associated with a higher risk of complications [7, 8].
Whether preoperative hormonal therapy is beneficial re-
mains controversial [9]. Although the outcome of hypo-
spadias repair has much improved, repair of a small-
sized phallus is still challenging. The lack of scientific
evidence results in the use of empirical judgment when
the surgeon is confronted with a small hypospadiac
phallus [10].
In this report, we prospectively conducted a clinical

trial comparing two groups of patients regarding the ef-
fect of preoperative topical testosterone application on
the outcome of primary hypospadias repair. Also, we
Fig. 1 30-month-old boy with proximal hypospadias from the hormonally
stimulation. b Intraoperative view for the urethral opening after complete d
half of the dorsal prepuce to cover the urethroplasty. f The other half of th
skin. g and h Follow up 6months after surgical repair
studied the effect of topical testosterone on the penile
size and on the histopathology of genital skin biopsies.

Methods
A prospective study was conducted at two tertiary cen-
ters of pediatric surgery between December 2013
through September 2015. The study included 40 cases of
primary (non recurrent) hypospadias with a small glans
(glanular width less than 14 mm). At one extreme end of
the spectrum, we excluded scrotal and perineal hypospa-
dias from the study. Patients were divided into two equal
groups (20 patients in each group). Cases in the first
group (A) were treated by local application of testoster-
one topical gel 1% for 30–40 days (to increase the size of
their phallus) and stopped one month before operation
(Fig. 1); while cases in the second group (B) did not re-
ceive preoperative hormonal treatment (Fig. 2). During
the repair of hypospadias, full-thickness genital skin bi-
opsies (from the inner foreskin) were taken from all
cases and preserved in formalin for histopathological
examination.
For group A, penile measurements were documented

before and after hormonal therapy (using Castroviejo
Caliber 40 mm straight). Penile measurements included
treated group (group A). a Preoperative appearance after hormonal
egloving. c, d, and e A dartos flap is prepared as a second layer from
e dorsal prepuce is used to reconstruct the deficient ventral penile



Fig. 2 12-month-old boy with mid penile hypospadias from the ‘untreated’ group (group B). a Preoperative appearance demonstrating the
hypospadiac position of the meatus (arrow). b Lateral view. c Catheter passing through meatus. This case was operated by one stage TIP repair
without preoperative hormonal therapy. d and e Follow up 6months after surgical repair demonstrating satisfactory outcome
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glanular width, glanular height, shaft width, ventral
penile length proximal to meatus, and ventral penile
length distal to meatus. The study was conducted after
internal review board approval (IRB 00006379).
Surgical technique
We start by degloving of the penile skin. Assessment of
penile curvature (chordee) represents a key step, which
should be carried out after complete degloving. Mild to
moderate degrees of ventral penile curvature (up to 45
degrees) were managed by dorsal ‘Nesbit’ plication su-
tures, when a ‘plate-preserving’ technique for hypospa-
dias repair was applied (TIP urethroplasty) [11]. A
modified technique utilizing dorsal Byars’ flaps was ap-
plied to provide second layer coverage for the urethro-
plasty from one flap, while the other flap was used to
reconstruct the ventral skin (Fig.1) [12]. More severe de-
grees of chordee were managed by transection of the ur-
ethral plate when a staged repair was performed: skin
flaps were used to cover the ventral penile shaft in the
first stage, and a Theirsh urethroplasty was performed
six months later. Trying to neutralize the effect of having
different surgeons performing the operations, all cases
included in the study were operated by two senior sur-
geons (A.A.A. and O.E.) with a ‘more or less’ equal con-
tribution in both study groups.
Measuring the outcome
Complications were documented in both groups that in-
cluded early complications (bleeding, edema, infection),
and late complications (glanular dehiscence, fistula, mea-
tal stenosis, urethral stricture). Assessment of all patients
was done by the same investigator (the first author I.W.)
using digital photography and objective penile evaluation
‘HOPE’ score [13]. Assessment of parents` satisfaction
was also performed by Likert scale questionnaires to as-
sess four outcomes: overall penile appearance, cosmesis
of meatus, penile size, and voiding stream [14].

Histopathological and immunohistochemical examination
Paraffin blocks of genital skin biopsies from both groups
were prepared; Morphometric studies were performed
by Olympus Soft Pro Software. Additional four-
micrometer-thick sections were cut from the paraffin
blocks and were immune-stained for commercially avail-
able ready to use mouse monoclonal antibody against
four types of antigens: Estrogen Receptor α (Dako,
Denmark, Cat.# IR657, Clone 1D5, Ready-to-Use); Estro-
gen Receptor β1 (Dako, Denmark, Cat.# M7292, Clone
PPG5/10, dilution 1:20); Androgen (Dako, Denmark,
Cat. # M3562, Clone AR441, dilution 1: 50); and CD31
(Dako, Denmark, Cat. # M0823, Clone JC70A, dilution
1: 40) [15, 16]. The latter (CD31) is a vascular marker in-
dicating neovascularization supposed to play a
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fundamental role in the healing process [16]. The im-
mune staining was performed using the avidin-biotin
complex staining procedure [16]. All slides were exam-
ined and evaluated by a single pathologist in a blinded
manner to the study groups. The histological findings
were then compared in both groups.
Interpretation of immunostaining for Estrogen Recep-

tor α, Estrogen Receptor β1, and androgen was per-
formed. The density of nuclear staining was scored on a
subjective grade scale as none (0), weak (+), intermediate
(++) or strong (+++) [17]. For assessment of micro-
vessel density by CD31 immunostaining, areas with
high-density staining were recognized in low-power
fields (100×). Most of the micro-vessels with CD31-
positivity were identified in these areas with high-density
staining, which resembled an “extended hot spot” of
angiogenesis. Neovascularity was counted in 5 random
high-power fields (200×) within these hot spots. The
mean results were documented for analysis [18].

Results
The study included 40 boys with primary hypospadias
and a small glans (glanular width less than 14mm).
Their age ranged from 6months to 3 years (median 15
months; mean 18months). The position of the meatus
ranged from distal penile to penoscrotal. There was a
Table 1 Penile measurements before and after hormonal therapy. P
height (GH), shaft width (SW), ventral penile length proximal to mea

No. Age in
months

GW before
hormone

GW after
hormone

GH before
hormone

GH after
hormone

SW be
hormo

1 8 10 14 9 9 9

2 6 12 14 11 17 14

3 30 10 13 9 15 11

4 11 10 15 7 13 10

5 8 8 13 6 13 11

6 7 12 15 11 13 11

7 9 8 13 6 12 8

8 23 10 14 12 13 10

9 14 11 14 10 11 11

10 17 14 16 14 15 12

11 14 12 15 12 13 11

12 7 11 12 11 11 11

13 30 9 14 8 12 9

14 15 13 13 10 10 12

15 22 10 12 8 11 10

16 18 12 13 11 11 12

17 38 9 13 8 10 9

18 13 10 12 13 13 10

19 28 9 13 12 10 9

20 38 9 13 8 10 9
significant increase in all penile parameters after hormo-
nal stimulation in group A (Tables 1, 2). Interestingly,
the ventral penile length proximal to the meatus showed
more growth in response to hormonal stimulation com-
pared to ventral penile length distal to meatus, denoting
a significant disproportionate penile growth (p-value =
0.003).
In group A, 16 cases underwent TIP urethroplasty,

while a two-stage repair was performed in four. In group
B, 15 cases underwent TIP urethroplasty, and a two-
stage repair was performed in five. Patients were
instructed to attend follow up after 1 week, 1 month, 6
months, and then yearly until puberty. The follow up
period in the study ranged from 6months to 2 years.
Postoperative edema (which may be considered an early
postoperative complication) was more evident in group
A (7 cases) compared to 2 cases in group B (p = 0.058).
There were 4 cases of urethrocutaneous fistula in group
A, compared to 5 cases in group B (p = 0.7), one case of
glanular dehiscence in each group, and 3 cases of meatal
stenosis in group A compared to 2 cases in group B
(Table 3). Meatal stenosis showed good response to dila-
tation in all except one case that required ventral mea-
totomy. The mean overall HOPE score was 40.75 in
group (A) compared to 40.95 in group (B) representing
an insignificant difference. Also, parents` satisfaction
enile measurements included glanular width (GW), glanular
tus (VLP), and ventral penile length distal to meatus (VLD)

fore
ne

SW after
hormone

VLP before
hormone

VLP after
hormone

VLD before
hormone

VLD after
hormone

10 10 14 4 5

14 5 12 10 19

11 4 6 8 13

13 10 13 4 5

12 5 6 10 10

13 7 10 8 10

13 6 11 8 11

13 12 15 12 12

12 6 7 12 13

17 0 3 17 23

12 0 4 16 20

11 3 4 13 14

10 3 4 12 15

12 7 7 9 9

12 3 4 12 16

13 3 4 10 12

11 4 5 7 9

11 6 11 8 11

11 5 7 12 13

11 4 5 7 9



Table 2 Comparison of penile measurements before and after local testosterone application in group A (20 patients; paired t-test)

Penile measurements Before hormone
(+ Std. Deviation)

After hormone
(+ Std. Deviation)

p-value

Glanular width 10.45 mm (+ 1.638) 13.55mm (+ 1.099) 0.0001

Glanular height 09.80 mm (+ 2.285) 12.10mm (+ 2.024) 0.001

Shaft width 10.45 mm (+ 1.432) 12.10mm (+ 1.586) 0.0001

Ventral penile length proximal to urethral meatus (VLP) 05.15 mm (+ 3.066) 07.25mm (+ 4.339) 0.0001

Ventral penile length distal to urethral meatus (VLD) 09.95 mm (+ 3.410) 12.45mm (+ 4.571) 0.007

Percentage of Ventral penile length proximal to urethral meatus 34.31% (+ 18.579) 38.29% (+ 16.643) 0.003

VLP distance from penoscrotal junction to urethral meatus
VLD distance from urethral meatus to tip of urethral plate
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based on Likert scale satisfaction questionnaire was al-
most equal in both groups.
Histopatholological evaluation of genital skin biopsies

revealed vascularized connective tissue covered by
healthy appearing surface epithelium. The subepithelial
tissues was formed of connective tissue stroma, collagen,
and blood vessels (Fig. 3). Immunohistochemical expres-
sion of Estrogen Receptor β was strongly expressed
(+++) in the treated group (A) compared to moderate
expression (++) in group B; whereas Estrogen Receptor
α was weakly expressed (+) in the treated group (A)
compared to no expression (0) in group (B) (Fig. 4). On
the other hand, androgen immunohistochemical expres-
sion was not detected in the treated group (A) compared
to weak expression (+) in group (B) (Fig. 5). Regarding
CD31 (the vascular marker indicating neovasculariza-
tion), there was no detectable difference in the micro-
vessel density in both groups (Fig. 6).
Discussion
Hypospadias surgery was always regarded as a nonre-
warding surgical reconstruction, due to the reported
high complication rate and repeated failures. For de-
cades, the use of hormonal stimulation before surgical
repair of a small sized phallus has been accepted as a
relatively common practice among pediatric urologists
and surgeons [3]. The local application of testosterone
cream for the prepubertal phallus was first reported in
1971 by Immergut et al., and it was the hormone of
choice for many other investigators as well [19].
Table 3 Distribution of postoperative complications among both st

Group A

TIP
(16 cases)

T
(

urethrocutaneous fistula 3 (18.75%) 1

Glanular dehiscence 1 (6.25%) 0

Meatal stenosis 2 (12.5%) 1

Group A: hormonally treated group; Group B: did not receive preoperative hormona
In this report, we studied the effect of preoperative
hormonal treatment on the outcome of hypospadias re-
pair while considering comparison to a control group. In
the study group, testosterone gel 1% was applied to the
hypospadiac phallus once daily for 30–40 days and
stopped 4–5 weeks preoperatively. Topical application of
testosterone may be criticized for the less predictable
drug dosage and distribution on the penis. However, this
protocol was chosen because of easy applicability. More-
over, we were worried about the complications of paren-
teral testosterone which were unclear while reviewing
the literature [20]. Till now, there is no consensus on
the protocol for preoperative hormonal stimulation in
hypospadias surgery regarding the appropriate dose, fre-
quency, concentration, and route of application.
Although some studies have favored hormonal admin-

istration before hypospadias repair [3–6, 21], other stud-
ies addressed increasing rate of healing complications
with androgen stimulation [22]. In our study, we did not
find significant difference between the hormonally
treated and the untreated groups regarding the rate of
postoperative complications (urethrocutaneous fistula,
glanular dehiscence, meatal stenosis). Also, the cosmesis
and parent satisfaction were ‘more or less’ similar among
both groups. In other words, the increase in penile size
induced by preoperative hormonal stimulation in our
study group was not reflected on improving the surgical
outcome. The small number of cases and low incidence
of complications will make it difficult to obtain a defini-
tive conclusion from a single study. Perhaps a meta-
analysis may be a more appropriate solution to
udy groups

Group B

wo-stage
4 cases)

TIP
(15 cases)

Two-stage
(5 cases)

(25%) 3 (20%) 2 (40%)

0 1 (20%)

(25%) 1 (6.7%) 1 (20%)

l treatment



Fig. 3 Genital skin biopsies of hypospadic patients: (a&b) testosterone treated group, (c&d) untreated group. Biopsies showed surface epithelium
overlying vascularized connective tissue with mild to moderate increase in the number of the blood vessels in biopsies of treated group as
compared to the other untreated group (a&c: Hematoxylin and eosin;original magnification × 100, b&d: Masson’s trichrome stain;original
magnification × 100)

Fig. 4 Histo-patholological evaluation of genital skin biopsies: immune-staining for commercially available ready to use mouse monoclonal
antibody against Estrogen Receptor (ER) α and β. Upper row (a and b): Hormonally treated group (a) showed weak ERα expression (+) that was
localized to the stratum basale, in contrast to the ‘untreated’ group (b) that showed no detectable expression (0). (original magnification × 400).
Lower row (c and d): ERβ immunoreactivity was strongly expressed in the keratinocytes of the stratum basale and stratum spinosum (+++) in the
treated group (c); while in untreated group (d), there was moderate expression (++). (A&B: ERβ, immunoperoxidase; original magnification × 400)
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Fig. 5 Androgen immunoreactivity revealed no expression in the treated group (a) and weak expression in untreated group (b) (A&B: Androgen,
immunoperoxidase; original magnification × 400)
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overcome this common limitation in all similar studies
on hypospadias.
On the histopathological level, we could not detect a

difference between the hormonally treated and the un-
treated groups regarding the micro-vessel density using
CD31 immunohistochemical stain. In their report on a
larger number of cases (94 patients with distal hypospa-
dias), Menon and colleagues similarly found no signifi-
cant difference between hormonally treated and
untreated groups while using the same vascular marker
(CD31). However, they have noticed increased proliferat-
ing blood vessels and lymphocytic infiltrates in the
treated group on hematoxylin and eosin (H&E) stain
[20]. The discrepancy between the results of
hematoxylin and eosin (H&E) stain and that obtained by
CD31 immunostaining can be explained in view of the
different ways of assessment and scoring. In CD31
Fig. 6 Histo-patholological evaluation of genital skin biopsies: immune-stai
antibody against CD31 which is a vascular marker indicating neovasculariza
There was an equal mild to moderate expression in both groups: (a) horm
magnification × 200)
immunostaining, we only score preputial micro-vessels
with CD31-positivity while excluding other vessels. The
micro-vessels indicate for neovascularization supposed
to play a fundamental role in the healing process [16]. In
another study, Bastos and colleagues reported a signifi-
cant increase in vascular density in the hormonally
treated group by using a different vascular marker (von
Willebrand’s factor) [6]. The contradicting results be-
tween different studies may be attributed to the different
methodology and different use of monoclonal
antibodies.
In our study, both groups were cases of hypospadias

with small glans size. As both groups were matched ac-
cording to the severity of hypospadias, we would expect
similar histopathological results under normal circum-
stances (no hormonal treatment). However, even when
one group was hormonally treated, still we could not
ning for commercially available ready to use mouse monoclonal
tion supposed to play a fundamental role in the healing process.
onally treated group; (b) the ‘untreated’ group (original
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detect a difference regarding the micro-vessel immuno-
staining [20]. Although the increased penile vascularity
after hormonal treatment was quite evident at operation
(and with conventional H&E staining) [20], yet it appears
that this increase may be mainly congestion at the level
of larger vessels with no actual increase of the micro-
vessels as seen by immunohistochemical staining (CD31)
[20]. The biopsies were taken at time of operation one
month after stopping testosterone; this might have re-
sulted in regression of the hormonal effect on micro-
vessels. However, most surgeons would not operate dir-
ectly after cessation of hormonal treatment, but rather
would wait for a similar period.
It is worth mentioning that androgen and estrogen

hormones play an important role in the prenatal and
postnatal development of urogenital tract specifically
the external genitalia [23]. Therefore, immunohisto-
chemical expression of Estrogen and androgen recep-
tors was investigated in our study. A difference
between both studied groups was detected regarding
the androgen and estrogen receptor immunohisto-
chemical expression. However, the significance and
interpretation of this effect remains unclear. As it
might be expected, preoperative testosterone treat-
ment has caused an up-regulation effect on the estro-
gen receptors that showed higher expression in
specimens from hormonally treated group, while a
down-regulation effect was detected on the androgen
receptors. Dominant expression of estrogen receptors
in the tissues of hypospadiac phallus has been previ-
ously reported by Celayir and colleagues [23]. The
disrupted interactions between estrogen and androgen
receptors during the intrauterine development of ex-
ternal genitalia might be related to the etiology of
hypospadias [23]. However, further studies on a wider
scale on patients with hypospadias are needed to clar-
ify and confirm these observations.
The increase in the size of the phallus in response to

preoperative hormonal stimulation is a well-known fact
among surgeons who practice hypospadias repair. In our
study, we tried to provide a quantitative description for
this increase in size. Interestingly, we could identify a
disproportionate response to hormonal stimulation on
the ventral aspect of the hypospadiac phallus. The ven-
tral penile length proximal to the hypospadiac meatus
increased by a greater proportionate compared to the
ventral penile length distal to the meatus. This was
found to be statistically significant. Although this might
be interpreted as a beneficial effect for the hormonal
treatment by inducing a relative distal displacement of
the hypospadiac meatus, yet we may have a different in-
terpretation. It seems that the urethral plate and spongi-
osum distal to the meatus are keeping some degree of
hypoplasia that is manifested by a poorer response to
hormonal stimulation compared to normal urethra and
spongiosum proximal to meatus. Baskin reported a nor-
mal anatomy of the hypospadiac penis except on its ven-
tral aspect with the possibility of biological and
structural defects [24]. In proximal hypospadias, a
greater proportion of the penile ventrum is formed by
the open urethral plate and hypoplastic spongiosum. In
such cases, a suboptimal growth of the penile ventrum
may be expected to accompany the increase in hormone
levels at puberty. This can explain the recurrence of ven-
tral penile curvature that is noticed among some of these
cases who were treated by a plate preserving technique
during childhood.
Persistence or recurrence of chordee after hypospadias

repair may present an under-reported complication in
the literature that can cause significant functional prob-
lems [25]. This complication is more common after the
repair of proximal hypospadias with a plate preserving
technique [25]. Recent reports have raised more atten-
tion to the importance of proper management of chor-
dee during hypospadias repair. Authors are being more
liberal to sacrifice the urethral plate in favor of correc-
tion of ventral penile curvature. Recent recommenda-
tions highlighted that only mild degrees of ventral penile
curvature (less than 30°) can be managed by a plate pre-
serving technique [26].
The study is limited by the small sample size as well as

presence of different grades of hypospadias; however, we
have tried as much as we can to decrease the multiple
confounding factors that may affect the results of any
study on hypospadias. This was achieved through in-
cluding a relatively homogenous group of hypospadias
cases (small glans) and unifying the operators’ experi-
ence and techniques as much as possible. Another limi-
tation was the lack of research through the etiology of
small glans. Some cases might have been partial andro-
gen insensitivity syndrome or 5-alpha reductase defi-
ciency that may constitute a bias in the homogeneity of
the sample. Lastly, although the preoperative hormonal
stimulation has generally increased the size of the
phallus, yet this was not reflected on improving the
outcome.
Conclusion
The use of preoperative topical testosterone significantly
increases the size of the hypospadiac phallus; however,
this increase in size appears to be disproportionate on
the ventral penile surface. Although we did not detect a
significant difference regarding the surgical outcome
among the hormonally treated group, yet the small sam-
ple size and the low incidence of complications would
make it difficult to reach a definitive conclusion in this
respect.
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