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Testosterone prior to hypospadias
repair: Postoperative complication rates
and long-term cosmetic results, penile
length and body height
S.P. Rynja a, T.P.V.M. de Jong a,b, J.L.H.R. Bosch a, L.M.O. de Kort a
Summary

Introduction
The use of hormonal therapywasfirst described in 1971before
hypospadias surgery, and it has been debated ever since. The
long-term outcomes after puberty of patients treated with
pre-operative testosterone in childhood are lacking.

Objectives
Possible long-term effects of testosterone are often asked
about in daily practice. The current study investigated the
long-term outcomes regarding height, penile length and
penile cosmesis in adult men after hypospadias surgery in
childhood with and without pre-operative testosterone.

Methods
Adult men (n Z 121) who underwent primary hypospadias
repair in childhood were included. Pre-operative penile
appearance, judged by a paediatric urologist, determined
the use of pre-operative testosterone. Data on hypospadias
characteristics, healing complications, surgical repair, and
testosterone use were collected retrospectively. At adult
age, stretched penile length and body height were
measured, and penile cosmesis was evaluated using the
Pediatric Penile Perception Score (PPPS).

Results
Postoperative complication rates in patients (n Z 121) with
and without testosterone were similar (50% vs. 43%;
PZ 0.54). Sixty adult patients (50%)with amedianageof 19.8
years and follow-up time of 18.3 years were examined at the
Summary Table Outcomes of multivariate regr
versus pre-operative testosterone use on adult p
measured by the Pediatric Penile Perception Scor

Outcome variable Univariate analysis

Predictor variable Rho

Penile length (cm) Hypospadias type L0.4

Testosterone use �0.11

Adult height (cm) Hypospadias type �0.13

Testosterone use �0.34

Outcome variable Univariate analysis

Predictor variable Rho

General aspect (PPPS)

Dissatisfied vs. satisfied

Hypospadias type 0.11

Testosterone �0.07

Hypospadias type ranged from distal (1), midshaft (2
Testosterone use: no testosterone (0) versus pre-ope
Pediatric Penile Perception Score (PPPS): (very) dissati
Rho: Spearman’s rank correlation.
OR: odds ratio.
*outcome for proximal hypospadias (1) compared to th
**R2, 019.

rol.2017.09.020
ediatric Urology Company. Published by Elsevier Ltd. A
outpatient clinic at adult age. Of this group, testosteronewas
applied in 12/43 patients with distal, 3/6 patients with mid-
shaft, and 9/11 patients with proximal hypospadias. Adult
stretched penile length (12.0 cm vs. 12.4 cm; P Z 0.47) and
adult height (180.1 cm vs. 179.0 cm P Z 0.65) showed no
difference between patients with and without testosterone
treatment. Penile cosmesis was (very) satisfactory in all PPPS
domains, and showed no difference between the testos-
terone group and the non-testosterone group. Univariate and
multivariate analysis was conducted to determine if the
hypospadias type or pre-operative testosterone therapy had
more influence on the long-term outcomes. None of the long-
term outcomes were significantly associated with pre-
operative testosterone therapy on multivariate analysis.

Discussion
This was the first study reporting long-term outcomes of
hypospadias patients after puberty who received pre-
operative hormonal therapy. Validated instruments were
used as much as possible. Shortcomings of this study were
the 50% response rate, the retrospective design, and the
lack of objective inclusion criteria reported to indicate pre-
operative testosterone therapy.

Conclusion
This study suggested that the long-term results of patients
receiving pre-operative testosterone treatment, who often
had more challenging hypospadias, were similar to those who
did not. However, a randomised controlled study is needed to
confirm these results.
ession analysis: impact of hypospadias severity
enile length and height, and cosmetic outcome
e (PPPS).

Multiple linear regression

P b P CI (95%)

8 <0.01 L2.9* <0.01 L4.4 to 1.4**

0.40 0.6 0.32 �0.6 to 1.8

0.33 NS

0.80 NS

Logistic regression

P OR P CI (95%)

0.41 NS

0.60 NS

) and proximal (3) hypospadias.
rative testosterone treatment (1).
sfied outcome (0) versus (very) satisfied outcome (1).

e remaining hypospadias subtypes (0).
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Introduction
Mathieu or meatal advancement and glanuloplasty (MAGPI)
Hypospadias is the most common congenital penile abnor-
mality; it occurs in 1 out of 250 newborn boys. Hormonal
therapy prior to hypospadias repair was first described in
1971, but has since been debated [1]. Pre-operative hor-
monal stimulation is often applied in challenging hypospa-
dias patients with a small penile or glanular size, or in
patients with proximal hypospadias. It temporarily in-
creases penile size and glanular diameter, and improves
vascularization of the prepuce [2e6]. Shortage of glanular
and penile tissue could hinder ventral closure of the neo-
urethra in patients with a small penis or glans. Increasing
this amount of tissue might facilitate reconstruction of an
adequate-calibre neo-urethra resulting in low-pressure
voiding. Improved quality of local tissue may also benefit
wound healing and reduce complications. Thus, hypothet-
ically, increasing the penile size with pre-operative
testosterone might lead to improved outcomes in boys
with challenging hypospadias.

Up to 90% of paediatric urologists use pre-operative
testosterone treatment in selected cases to increase the
penile size before hypospadias repair [7]. Long-term out-
comes of pre-operative testosterone treatment are
lacking e specifically regarding adult penile length, adult
height and cosmetic outcomes e although this is frequently
asked by parents in daily practice. Although this has not
been studied in humans, there is some evidence of impaired
adult penile length in rats receiving testosterone early in
life [8]. Does testosterone also have a negative effect in
humans? This study investigated these long-term results in
patients with hypospadias who received pre-operative
testosterone in childhood before primary hypospadias
repair.

Materials and methods

Study population

The protocol for this retrospective study was approved by the
local ethical committee (reference 09/038). Adult men
operated for hypospadias in childhoodbetween 1987and1993
were invited to participate. Patients with incorrect contact
details and those referred for redo hypospadias repair were
excluded. Participants provided informed consent and a
physical examination was performed. Data were extracted
from the medical files: hypospadias type defined by the Bar-
cat classification (from perineal up to glanular), repair tech-
nique, presence of cryptorchidism or chordee, pre-operative
testosterone treatment, and postoperative complication
rates. Pre-operative testosterone treatment was either
topical or intramuscular. At the time, topical cream with 5%
Sustanon� (a blend of testosterone propionate, phenyl-
propionate, isocaproate and decanoate) was applied twice a
day during two periods of 14 days (separated by 1 week).
Intramuscular therapywas 25mg Sustanon� per week for 2e3
weeks. A paediatric urologist indicated pre-operative hor-
monal treatment based on penile appearance, size of the
prepuce, and penile length with a cut-off of<45 mm to start
treatment. Diameter of the glans was not measured. A
technique was mostly performed in distal hypospadias pa-
tients; a vascularised preputial tube or onlay island flap
technique was mostly used in patients with proximal hypo-
spadias. If possible, reconstruction of the prepuce was
offered [9]. Endpoints of this study were defined based on
three aspects: adult stretched penile length, adult height,
and adult penile cosmesis. Postoperative complications were
analysedas thebaseline parameter for the total patient group
based onmedical files; adult outcomes could only be assessed
in those who participated and were examined at adult age.

Complications

Postoperative complications were categorised as wound
healing-related complications (healing complications) and
other complications. Urethrocutaneous fistulas, meatal
stenosis, dehiscence, dehiscence of the prepuce, urethral
stricture, and urethral diverticulum were scored as healing
complications. Other complications were: urinary reten-
tion, UTI, residual chordee, cosmetic defects of the pre-
puce, a painful suture, or intra-urethral hair growth.

Adult penile length

The stretched penile length was measured in centimetres
(cm) from the symphysis pubis to the glans tip with the
penis maximally stretched while compressing the prepubic
fat. Outcomes of the stretched penile length were
compared to the pooled mean penile length reported by
Veale of 13.24 cm (SD 1.89) and stratified in categories of
�4 SD to þ4 SD from this mean [10]. A micropenis was
defined as a penile length �2.5 SD from the mean.

Adult height

The crown-heel height of patients was measured in centi-
metres. Outcomeswere compared and stratified according to
the national nomogram of adult height at age 21 years in The
Netherlands, stating a mean height of 183.3 (SD 7.1) cm [11].

Cosmetic results

Cosmetic outcome was determined using the Pediatric
Penile Perception Score (PPPS) [12]. The PPPS scores the
aspect of the meatus, glans, penis and general penile
appearance in a score from 0 points (very dissatisfied) to 3
points (very satisfied). An independent researcher, who was
not the surgeon (SR), scored the cosmetic penile appear-
ance. When in doubt, the PPPS score was discussed with a
urologist (LdK, also not the surgeon).

Statistical analysis

Baseline characteristics of responders and non-responders
were compared with the ManneWhitney U test for contin-
uous data: age, follow-up duration, number of repairs, and
timing of first repair. Discrete variables were analysed with
Fisher’s exact test: hypospadias subtype, repair technique
and postoperative healing complications. Long-term
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outcomes were compared between responding patients
with and without pre-operative testosterone treatment.
Adult penile length and height outcomes were analysed
with Students’ t-test. Nomogram outcomes of adult height
and penile length and PPPS outcomes were analysed using
Table 1 Baseline characteristics of hypospadias patients: re
characteristics of hypospadias patients responding to the invitati
childhood.

Responders vs. non-responders
(n Z 121)

Yes
n Z 60

No
n Z 61

Median (IQR)

Age first surgery (years) 1.3 [0.9e3.3] 1.6 [1.0e3
Age at follow-up (years) 19.8 [19.3e21.9] 20.0 [19.3e
Follow-up since last

repair (years)

18.3 [17.4e19.0] 18.2 [17.4e

Timing first complication

(months)

7.3 [5.0e43.8] 8.2 [5.1e2

Number of surgeries 2.0 [1.0e3.0] 1.0 [1.0e2
n (%) n (%)

Hypospadias typeb

Distal 43/60 (72) 47/61 (7
Midshaft 6/60 (10) 6/61 (10
Proximal 11/60 (18) 8/61 (13

Operation technique

Mathieu 32/60 (53) 34/61 (5
MAGPI 6/60 (10) 16/61 (2
Meatotomy 3/60 (5) e

Duckett 12/60 (20) 9/61 (15
Prepuce onlay 3/60 (5) 1/61 (2
Other 4/60 (7) 1/61 (2

Pre-operative hormonal

stimulation

24/60 (40) 10/61 (1

Number of complications

per patienta
0 29/60 (48) 38/61 (6
1 15/60 (25) 10/61 (1
2 8/60 (13) 10/61 (1
3 5/60 (8) 1/61 (2
4 1/60 (2) 2/61 (3
�5 2/60 (4) e

Patients with urethral

fistula

16/60 (27) 9/61 (15

Patient with meatal stenosis 14//60 (23) 9/61 (15
Patients with dehiscence 2/60 (4) 4/61 (7
Patients with dehiscence

of prepuce

1/60 (2) 4/61 (7

Patients with urethral

stricture

5/60 (8) 7/61 (11

Patients with urethral

diverticulum

1/60 (2) 0/61 (0

U: Analysis performed by ManneWhitney U test for continuous data.
X2: Analysis performed by Fisher’s exact test for discrete data.
IQR: Interquartile range.
N/A: not applicable.
Other: Glanular Approximation Procedure (1), 2-stage repair (1), no
Other in responding group: Glanular Approximation Procedure (1), 2
a Complications: Urethrocutaneous fistulas, meatal stenosis, dehisce

diverticulum.
b Based on Barcat classification.
Pearson’s Chi-squared test. Results were considered sta-
tistically significant at a P-value <0.05.

The endpoints of this study e adult penile length, height
and penile cosmesis e were analysed to identify which pre-
operative characteristic influenced the adult outcome
sponders versus non-responders to invitation and baseline
on with and without pre-operative testosterone treatment in

to invitation Responding patients based
on testosterone use (n Z 60)

P Yes
n Z 24

No
n Z 36

P

U Median (IQR) U

.9] 0.43 1.2 [0.9e1.6] 1.8 [0.9e3.9] 0.07
21.6] 0.50 19.6 [18.7e20.1] 20.3 [19.3e22.6] <0.05
19.0] 0.91 18.0 [17.1e18.6] 18.4 [17.7e19.3] 0.09

7.7] 0.52 4.5 [1.2e7.0] 10.0 [6.5e31.2] <0.01

.0] 0.01 2.0 [1.0e3.0] 2.0 [1.0e2.8] 0.56
X2 n (%) n (%) X2

0.73 <0.01
7) 12/24 (50) 31/36 (86)
) 3/24 (13) 3/36 (8)
) 9/24 (37) 2/36 (6)

0.06 <0.05
6) 9/24 (38) 23/36 (64)
6) 2/24 (8) 4/36 (11)

2/24 (8) 1/36 (2)
) 10/24 (42) 2/36 (6)
) 1/24 (4) 2/36 (6)
) e 4/36 (11)
6) <0.01 N/A N/A

3) 0.10 11/24 (46) 18/36 (50) 0.12
6) 5/24 (21) 10/36 (28)
6) 3/24 (12) 5/36 (14)
) 2/24 (8) 3/36 (8)
) 1/24 (4) e

2/24 (8) e

) 0.12 6/24 (25) 10/36 (28) 0.81

) 0.26 7/24 (29) 7/36 (19) 0.54
) 0.68 1/24 (4) 1/36 (3) 1.00
) 0.21 1/24 (4) 3/36 (8) 0.64

) 0.76 3/24 (12) 2/36 (6) 0.38

) 0.50 1/24 (4) 0/36 (0) 0.40

repair (1), unknown (1 responder, 1 non-responder).
-stage repair (1), no hypospadias repair (1), unknown (1).
nce, dehiscence of the prepuce, urethral strictures and urethral
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most: hypospadias subtype or pre-operative testosterone
use. Univariate associations between these characteristics,
baseline characteristics and the endpoints were analysed
by Spearman’s rank correlation. The type of correction
technique was left out of the multivariate model, due to an
expectedly high association with hypospadias subtype.

Subsequently, multivariate linear regression analysis was
performed for continuous data: adult penile length and
adult height. A binary logistic regression analysis was per-
formed for categorical data of the general PPPS outcome
(dissatisfied vs. satisfied). The pre-operative characteristics
(hypospadias type: distal, midshaft or proximal) and pre-
operative testosterone use (yes, no) were included in every
multivariate model, regardless of the P-value. All analyses
were performed with the SPSS version 21.0.

Results

Of the 144 eligible patients, 121 with correct contact de-
tails and a primary reconstruction received an invitation. In
total, 34 of 121 (28%) patients received pre-operative
testosterone. Testosterone was prescribed in 12 of the 19
patients with proximal hypospadias (63%) compared to four
of the 12 patients with midshaft hypospadias (33%), and 18
of the 90 patients with distal hypospadias (20%; P < 0.01).
The indication for pre-operative testosterone was a short
penile length in 25 patients, a small glanular aspect in one,
and to increase the size of the prepuce in seven patients.
n=23: 12.0 (2.6) 

(95% CI 10.9–13.1)

n=23: 180.1 (7.8)

(95% CI 174.7–183.3)

YES

Adult height (c

Stretched penile leng

Figure 1 Adult height (cm) and adult stretched penile length (
operative hormonal stimulation. Analysis was performed with Stu
The indication was unknown in one patient. Patients with
proximal hypospadias had more surgeries compared to pa-
tients with midshaft and distal hypospadias (median 3.0 vs.
1.5 and 1.0 repairs, respectively; P < 0.01).

Of the 121 men, 60 (50%) participated and 58 (48%) un-
derwent full physical examination. Table 1 presents the
baseline characteristics of the responding group and the
non-responding group. Responders were operated more
often and were treated more frequently with testosterone
compared to non-responders. Hypospadias subtype by
Barcat classification and the applied surgical technique
were strongly associated (univariate, rho 0.6, P < 0.01).

Baseline characteristics of the responders (n Z 60) based
on testosterone treatment are stated in Table 1. Testosterone
was prescribed more often in patients with proximal hypo-
spadias comparedwithdistal hypospadias. Nopermanent side
effects (pubichair growth, behavioural or cognitiveproblems)
of testosterone were reported in the medical files.

Complications

Complications occurred equally in the 34/121 patients with
pre-operative testosterone treatment compared to the 87
patients without testosterone treatment (50% vs. 43%,
P Z 0.54). The first complication after initial surgery
occurred earlier in patients with testosterone compared to
those without (median 5.3 months, range 1.4e11.9 vs. 9.0
months, range 6.2e34.5, P < 0.01). Patients with proximal
NO 

n=33: 179.0 (9.9)

(95% CI 177.4–182.9)

m): P=0.65

n=35: 12.4 (1.9)

(95% CI 11.7–13.0)

th (cm): P=0.47

cm) in hypospadias patients with (Yes) and without (No) pre-
dent’s t-test.



Testosterone prior to hypospadias repair 31.e5
hypospadias had healing complications more often than
those with other hypospadias subtypes (median 3.0, range
2e3 vs. 1.0, range 1e2, P < 0.01). Patients with a Duckett
repair had one or more complications compared to patients
with a Mathieu repair (8/12 vs. 17/32; P < 0.01).

Adult penile length

The adult stretched penile length was measured in 58/60
patients. Two distal hypospadias patients refused penile
measurements, one had received pre-operative testos-
terone. Mean adult stretched penile length was comparable
in patients with and without testosterone treatment
(12.4 cm vs. 12.0 cm, P Z 0.47; Fig. 1). Table 2 shows the
data stratified into standard deviations (SDs) compared to
Veale‘s nomogram [10]. Two patients with testosterone had
Table 2 Outcomes of the Pediatric Penile Perception Score (P
physical examination at the outpatient clinic at adulthood, and c
nomograms of Veale [10] and Schonbeck [11].

Testos
n Z 2

Meatal position (PPPS 1)

Very dissatisfied 1/24 (
Dissatisfied 5/24 (
Satisfied 14/24
Very satisfied 4/24 (

Glandular aspect (PPPS 2)

Very dissatisfied e

Dissatisfied 6/24 (
Satisfied 10/24
Very satisfied 8/24 (

Penile aspect (PPPS 3)

Very dissatisfied 2/24 (
Dissatisfied 7/24 (
Satisfied 12/24
Very satisfied 3/24 (

General cosmetic appearance

Very dissatisfied e

Dissatisfied 3/24 (
Satisfied 18/24
Very satisfied 3/24 (

Stretched penile length compared to

nomogram of Veale (mean 13.24 cm)

<9.2 (> e2 SD) 4/23 (
9.2e13.3 (< e2 SD) 11/23
13.5e17.6 (< þ2 SD) 7/23 (
>17.6 (> þ2 SD) 1/23 (

Adult height compared to nomogram

of Schonbeck (mean 183.8 cm)

<169.6 (> e2 SD) 2/23 (
169.6e183.7 (< e2 SD) 15/23
183.9e198.1 (< þ2 SD) 6/23 (
>198.1 (> þ2 SD) e

Stretched penile length was not measured in two patients.
Adult height measurements from four patients were missing.
P Z result of Pearson Chi-squared test.
a micropenis (�2.5 SD) compared with one patient without
testosterone (P Z 0.55). Patients with proximal hypospa-
dias (n Z 11) had reduced adult penile length compared
with 41 patients with distal hypospadias (10.3 cm vs.
12.9 cm, P Z 0.01). Multivariate analysis, after correcting
for testosterone treatment, confirmed these findings: the
adult penile length was negatively associated with proximal
hypospadias and not with testosterone (Table 3).

Adult height

The adult height is shown in Fig. 1; data were missing from
four patients (one with testosterone, three without). Mean
adult height was the same in patients with and without
testosterone treatment (180.1 cm vs. 179.8 cm; P Z 0.65).
Comparing outcomes to Schonbeck’s nomogram showed no
PPS) in hypospadias patients responding to the invitation for
omparison of penile length and adult height compared to the

terone
4

No testosterone
n Z 36

n (%) P

0.38
4) e

21) 4/36 (11)
(58) 27/36 (75)
17) 5/36 (14)

0.14
e

25) 4/36 (11)
(42) 24/36 (67)
33) 8/36 (22)

0.45
8) 1/36 (3)
29) 6/36 (17)
(50) 22/36 (61)
13) 7/36 (19)

0.73
e

13) 3/36 (8)
(75) 30/36 (84)
13) 3/36 (8)

0.27

17) 2/35 (6)
(48) 22/35 (63)
30) 11/35 (31)
4) e

0.94

9) 3/33 (9)
(65) 20/33 (61)
26) 10/33 (30)

e



Table 3 Outcomes of multivariate regression analysis: impact of hypospadias severity versus pre-operative testosterone use
on adult penile length and height, and cosmetic outcome measured by the Pediatric Penile Perception Score (PPPS).

Outcome variable Univariate analysis Multiple linear regression

Predictor variable rho P b P CI (95%)

Penile length (cm) Hypospadias type �0.48 <0.01 �2.9* <0.01 �4.4 to 1.4**
Testosterone use �0.11 0.40 0.6 0.32 �0.6 to 1.8

Adult height (cm) Hypospadias type �0.13 0.33 NS
Testosterone use �0.34 0.80 NS

Outcome variable Univariate analysis Logistic regression

Predictor variable rho P OR P CI (95%)

General aspect (PPPS)

Dissatisfied vs. satisfied
Hypospadias type 0.11 0.41 NS
Testosterone �0.07 0.60 NS

Hypospadias type ranged from distal (1), midshaft (2) and proximal (3) hypospadias.
Testosterone use: no testosterone (0) versus pre-operative testosterone treatment (1).
Pediatric Penile Perception Score (PPPS): (very) dissatisfied outcome (0) versus (very) satisfied outcome (1).
Rho: Spearman’s rank correlation.
OR: odds ratio.
*outcome for proximal hypospadias (1) compared to the remaining hypospadias subtypes (0).
**R2, 019.
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differences between patients with and without testos-
terone (P Z 0.85) (Table 2). In multivariate analysis, adult
height was not significantly associated with testosterone or
hypospadias subtype (Table 3).

Cosmesis

The meatal position, glanular aspect and penile aspect
were judged mainly ‘satisfactory’ in all patients, and out-
comes were equal in patients with and without testos-
terone (Table 2). The general penile cosmetic aspect was
(very) satisfactory in 88% of the patients with testosterone
compared to 92% of the patients without (Table 2). The
repair technique was not significantly associated with the
general PPPS outcome (rho 0.23, P Z 0.08). On both uni-
variate and multivariate analysis, general penile appear-
ance was not associated with testosterone use or
hypospadias subtype (Table 3).

Discussion

In this study, hypospadias patients with pre-operative
testosterone had similar adult penile length, adult height,
and cosmetic outcomes to patients without testosterone
treatment. It is believed that this is the first study to report
long-term results after testosterone treatment in hypo-
spadias patients using objective parameters and validated
instruments.

The complication rate in the hypospadias patients with
and without pre-operative testosterone was comparable;
this was consistent with literature reviews [13e15]. Two
recent randomised controlled trials reported contradicting
outcomes: Asgari et al. reported a lower complication rate
associated with pre-operative testosterone use, and Menon
et al. concluded the opposite [16,17]. The current study did
not find an increased complication rate, but neither did it
find a clear benefit of testosterone [3,18]. The comparable
complication rates are remarkable, since proximal hypo-
spadias is a known risk factor for complications [19,20].
Hypothetically, the similar long-term outcomes plea for a
beneficial effect of testosterone in challenging hypospadias
cases, as was mentioned earlier by Wright [15]. The current
study unfortunately lacked the power and methodology to
prove this. The proportion of patients with at least one
complication (44.6%) was higher than the pooled compli-
cation rate mentioned in the literature (32.4%) [15]. How-
ever, the current institution is a third-line referral centre
for challenging hypospadias patients, as illustrated by a
high prevalence of proximal hypospadias: 15.7% compared
with 3.9% in the literature [21].

Overall, the adult stretched penile length was compa-
rable in hypospadias patients with and without testos-
terone. Paediatric urologists tend to be sceptical about
pre-pubertal testosterone use, which could potentially
cause androgen receptor insensitivity at puberty and thus
impair adult penile length, as has been reported in rats
[8]. In the current analysis, the hypospadias subtype
affected adult penile length rather than pre-operative
testosterone. This information may help to inform par-
ents of patients with proximal hypospadias to manage
future expectations.

As testosterone treatment enhances bone maturation,
pre-operative testosterone in childhood could result in a
shorter adult body height [22,23]. The current results show
that hypospadias patients in both groups were equally tall
(i.e. no negative effect of hormonal treatment on adult
height). Furthermore, adult height was similar to the
average height reported in The Netherlands [11].

Penile cosmesis is an important long-term outcome, as a
normal-appearing penis is one of the goals of hypospadias
surgery. Cosmetic appearance was objectively assessed
with the validated PPPS [12]. Outcomes of the PPPS were
generally satisfactory in all domains. No cosmetic differ-
ences were seen between patients with and without
testosterone. This finding is in contrast with the short-term
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cosmetic outcomes reported previously [3]. Long-term
cosmetic outcomes are similar regardless of repair tech-
nique or hypospadias subtype; this may advocate testos-
terone use in challenging hypospadias cases.

The present study had some limitations. First, part of
the data were collected retrospectively, implying disad-
vantages such as missing data or incomplete data: mea-
surements of pre treatment penile and glanular sizes were
barely documented in the medical files as well as (tempo-
rary) side effects of testosterone use. Indications for pre-
operative testosterone treatment were not based on
objective measurements, but on the subjective judgement
of the paediatric urologic surgeon. Thus, the data lacked
standardised inclusion criteria for testosterone treatment,
and outcomes have to be interpreted cautiously. Therefore,
the data cannot answer which patient might benefit the
most from pre-operative testosterone.

Another limitation was the low response rate to invita-
tion (50%), which may have made this study prone to bias.
The responding patients had a higher number of surgical
interventions and more often received pre-operative
testosterone. As this was a selected patient group, long-
term outcomes are not necessarily applicable to a more
average group of hypospadias patients.

In the present study, different hormonal formulas were
used (topical and intramuscular) and both methods are
known to increase penile size [4]. The regimes varied
considerably and pre-operative serum levels of testos-
terone were not determined. No conclusions could be
drawn regarding which route of administration was
preferred. Recent reviews have shown a paucity of reports
dealing with the optimal dose, treatment regime, timing,
and application method [13,15,24].

For future, a randomised study investigating the long-
term effects would be the best possible method to study
the pros and cons of testosterone use in hypospadias pa-
tients; however, this might be difficult to organise. The
very least that can be done to improve hypospadias surgical
results is standardised documentation of hypospadias pa-
tients. Pre-operative penile length and glans width should
be documented before and after hormone treatment, as
well as the indication for testosterone treatment. A glans
width <15 mm has been found to be a relatively good cut-
off to determine testosterone therapy [25]. In order to be
able to compare postoperative outcomes the following
should be described and classified: hypospadias phenotype,
defined intraoperatively, based on the level of the division
of the corpus spongiosum; quality of the distal urethral
plate and urethral groove; quality of penile skin; and de-
gree of chordee [26,27]. In order to detect all long-term
outcomes and complications, all hypospadias patients
should be systematically followed until adulthood.
Conclusion

This study suggests that long-term adult height, penile
length and penile cosmesis of patients who received pre-
operative testosterone treatment were the same as those
not receiving testosterone. Hypospadias subtype appeared
to be more determinative for the long-term outcome than
testosterone treatment. As testosterone was more often
administered in challenging cases, this suggests a beneficial
effect of hormonal treatment. However, a randomised
controlled trial is needed to analyze if pre-operative
testosterone treatment benefits these challenging hypo-
spadias patients.
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