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In hypospadias surgery, pre-operative hormonal therapy (PHT) is primarily used to increase penile dimensions and the vascularity of tissues available for
reconstruction, but its use is non-uniform in clinical practice, with no consensus on application or utility. This review aims to summarise: (i) the penile tis-
sue response to hormone therapy, (i) its impact on hypospadias surgery outcomes, and (i) the endocrinological considerations and sequelae. PHT is
more often indicated for complex cases such as proximal hypospadias, hypospadias with microphallus and hypospadias reoperations. While PHT has
clear effects on penile morphometry, and more recent controlled trials suggest improved surgical outcomes, the lack of consistent outcome definitions
and generally inadequate follow-up periods continue to consign many of the potential long-term effects of PHT to the unknown. There is currently insuffi-
cient robust evidence to allow a clinical guideline to be constructed. The need for a well-powered multi-centre prospective randomised trial to address
this question is evident but awaits a unified consensus on issues surrounding the understanding of aetiology, classification of hypospadias morphology,
definition of important prognostic variables and uniform application of outcome measures. The effects of PHT may be utilised to improve outcomes in

cases of proximal and severe hypospadias, which under the current paradigm represent a significant surgical challenge.
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The use of pre-operative hormonal therapy (PHT) in hypospadias
surgery was first explored in the 1970s.' There is diverse interna-
tional practice regarding the application of PHT (Table 1), highlight-
ing the need for thorough consideration of the evidence-base when
caring for these children. The current review aims to clearly sum-
marise the evidence for paediatric urologists, endocrinologists, and
other clinicians involved in the care of children with hypospadias.
This review covers three sections: (i) the penile tissue response to
hormone therapy, (ii) its impact on hypospadias surgery outcomes,
and (iii) the endocrinological considerations and sequelae.

Pre-operative testosterone has been primarily used to increase
penile length, glans width/circumference, inner preputial area,
and the vascularity of tissues available for reconstruction in more
complex cases such as proximal hypospadias, or hypospadias with
co-existing small glans or penis.”

Defining proximal hypospadias is problematic as some surgeons
classify this based on the level of division of the corpus spongiosum in
the degloved penis, which can only be defined intra-operatively.® Sig-
nificant heterogeneity exists across studies regarding both pre-
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operative androgen type, dose and treatment timing. The most fre-
quently reported preparations are intramuscular (IM) testosterone, and
topical testosterone or dihydrotestosterone (DHT).*® The most fre-
quently reported regimens for IM testosterone esters are either 2 mg/kg
or empiric 25 mg monthly, for 2-3 months pre-operatively.***'°
Some authors contend that DHT may be more effective as it does not
rely on 5-alpha reductase conversion of testosterone,'' and aberrations
in 5-alpha reductase activity have been variably associated with
hypospadias.'*"?

A large international study surveying 377 surgeons across
68 countries reported variable PHT use: 68.2% rarely, 10.9% reg-
ularly and 1.9% always.® Most respondents favoured either IM
testosterone (43.8%) or topical DHT (39.4%); with smaller num-
bers using topical testosterone (15.7%) and IM f-hCG (1.1%). A
further survey by the American Academy of Paediatrics evaluated
a small group of surgeons, and the overall rate of pre-operative
testosterone use was 78%.* The most used agent was IM testos-
terone (67%). Many respondents (55%) were high-volume sur-
geons performing >50 hypospadias procedures annually, and
higher rates of PHT were reported in high-volume versus low-
volume surgeons (87% vs. 67%).

Penile Tissue Response to Hormone
Therapy

PHTis more often considered when a complex hypospadias repair
is anticipated (e.g. in proximal hypospadias, or hypospadias with
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Table 1 International practice surveys of pre-operative hormone therapy prior to hypospadias repair

Surgeons Practice includes Main criteria Most commonly
Country (year) surveyed PHT (%) for use of PHT used agent
Nigeria (2020)? 50 77% 92.1% for small penis 76.3% IM testosterone

86.8% for proximal hypospadias (2 mgrkg)
Turkey (2016)° 99 44% Small penis 56.8% topical DHT
91% (proximal Reduced glans circumference 15.6% IM B-hCG
hypospadias) Ambiguous genitalia 13.7% Other

USA (2014)* 27 87% 70% for reduced glans 67% IM testosterone

International: 82% from UK and Europe
(IVth World Congress of the
International Society on Hypospadias
and Disorders of Sex Development
Meeting 2011)°

International: 68 countries 377
included (2011)°

93 (including 52 79%
non-surgical
delegates)

10.9% regularly
1.9% always

68.2% rarely

circumference
51% for proximal hypospadias
48% for small penis
Survey did not ask for
specific indications

29% topical testosterone

IM or topical
preparations

43.8% IM testosterone
39.4% topical DHT

15.7% topical testosterone
1.1% p-hCG

Survey did not ask
for specific indications

B-hCG, beta-human chorionic gonadotropin; DHT, dihydrotestosterone; IM, intramuscular.

co-existing small penis/glans (microphallus)). PHT increases
penile and glanular size and optimises preputial vascularity; how-
ever, these changes may not be sustained.'*'® Increasing
glanular and penile tissue may assist ventral closure of the
neourethra and glans in more complex cases. Improved vascular-
ity of local tissues may be beneficial to wound healing and aid in
achieving a tension-free repair. The reported tissue benefits of
PHT (Table 2) suggest the potential to improve surgical outcomes
and reduce complications.

Increase in glans width or circumference

Glans width measurement in the outpatient setting differs from intra-
operative measurement after preputial adhesions are divided, with
overestimation occurring in the dinic.>> Nonetheless, many studies
have shown significant increases in glans width or circumference fol-
lowing PHT (with both IM'72%212>27 and topical testosterone'”*%). A
more limited response was seen in distal hypospadias (17%)*° com-
pared with proximal hypospadias (57%).%°> There was a greater
increase in glans width in those aged less than 5 years (3.9 mm), com-
pared to those 5 years and older (2.4 mm), indicating that younger
patients may be more responsive to PHT.?' Statistically significant
increases have been demonstrated following both IM and topical testos-
terone.>” Several studies have also noted an increase in penile base cir-

cumference. 19,22-24,30,32-34

Increase in penile length

Several studies suggest PHT is effective for increasing both
stretched'”#2242%3¢ and unstretched penile length,'”2!26-2830-34
This effect has been noted for IM testosterone, 7224267283032 555
cal testosterone,'”'%2%283133 yopnical DHT,** oral testosterone,?

Journal of Paediatrics and Child Health 58 (2022) 1508-1519

and parenteral hCG.** No change in penile biometry was noted
with topical estradiol.*?

Two prospective cohort studies directly compared IM and topical
testosterone preparations in children with microphallic hypospa-
dias. One study suggested a lower rate of penile enlargement with
topical treatment (60% vs. 75%), although this was not statistically
significant.?® Overall, studies suggest equivalent results with both
IM and topical testosterone for increasing penile length.'”-2%3>

The value of some studies is limited by the quality of the con-
trol groups and a lack of standardised or reproducible measure-
ments. For example, a study of 17 boys with proximal and distal
hypospadias found that treatment with IM testosterone
enanthate significantly increased penile length by 1.1 £ 0.5 cm
(P < 0.001),%° but this was compared to a control group of non-
hypospadiac microphallus patients. In a similar study of 25 micro-
phallic hypospadias cases, increases in penile morphometry were
seen but the study lacked a control arm altogether.?” In another
study, a definitive increase in overall penile size, available penile
skin and local vascularity following topical testosterone was
noted; however, none of these outcomes were measured objec-
tively.>! Earlier studies also lacked sufficient statistical analysis to
confirm the significance of reported results.*?*

The effect of PHT on penile length and size may not be maintained
over time. An early study suggested a loss of size subsequent to PHT of
‘approximately 50% after 1 year.>* This was corroborated by a Dutch
study showing penile length reduced by 17% from its peak at
12-month post-operatively®® (Fig. 1). A randomised study looking at
both distal and mid-shaft hypospadias demonstrated a progressive
increase in penile length on stopping treatment, with increases in
penile length of 22%, 35%, and 36 % at 1-, 2-, and 3-month post-injec-
tion, respectively.>* Based on these findings, the greatest tissue
response, at least in terms of penile length, appears to be at 3 months
following PHT.
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Fig. 1 Mean stretched penile length before treatment with testosterone
IM (2 mg/kg) labelled (to). The first testosterone was given 5-weeks pre-
operatively. Three-weeks following this a further dose was given and
measurements taken (t;). Surgery was performed 2-weeks following this
and further measurements taken (t,). Further stretched penile measure-
ments were obtained 3- (t3) and 12- (t;) months post-operatively. Image
reproduced with permission.®

Other biometric effects on the penis

One study of PHT in children with proximal hypospadias
observed significant, but disproportionate, penile lengthening
that moved the urethral meatus distally, with all of the increase
in penile length occurring proximal to the ectopic meatus.?’ A
reduction in chordee severity was also noted.?’ These findings
suggest that there is good growth of all the tissues around the
hypospadiac plate (glans, corpora, proximal urethra, etc.), while
the urethral plate itself is less affected by PHT.

It is noteworthy that penile length and base circumference
increase by approximately 30%, but glans width increases com-
paratively less following PHT (16.5%).>' Preputial skin is utilised
in many types of hypospadias repair and is seen to increase fol-
lowing PHT. Gearhart and Jeffs>*> saw the mean transverse pre-
puce length increase from 3.0 to 5.0 cm following parenteral
testosterone, but no statistical analysis was performed. The trans-
verse inner prepuce length was confirmed to increase by 58%
(P<0.01) following parental testosterone in a subsequent
study.*® Increased preputial skin was also subjectively reported
following hCG treatment.*’

Neovascularisation of the penile soft tissues

The importance of preputial vascularity in hypospadias surgery
lies in the many ways the prepuce may be used in reconstruction.
Local increases in vascularity following PHT have been subjec-
tively reported in several historical studies.>'>*?* In a transplant
model, full-thickness human paediatric prepuces receiving a
single treatment of 1% testosterone gel had significantly
increased vascular density compared with controls (P < 0.001), as
well as decreased collagen deposition.’” More recently,
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immunohistochemistry has shown a significant increase in the
absolute number of preputial blood vessels and vascular volume
density, indicating PHT stimulates angiogenesis.'* A further study
has confirmed a significant increase in proliferating blood vessels
and lymphocytic infiltrates 3 months following PHT.?'

Impact on Hypospadias Surgery
Outcomes

The effect of androgen-mediated inhibition of cutaneous wound
healing is well documented. In mice, castration results in a strik-
ing acceleration of healing and a reduced inflammatory
response,”® and the androgenic pro-inflammatory effect prolongs
urethral healing in rats.>’ In iatrogenic hypospadiac rabbits, post-
operative testosterone-induced an exaggerated inflammatory tis-
sue response compared with controls.*® Moreover, in mice, DHT
retarded in vitro migration of epidermal keratinocytes, suggesting
a primary inhibitory effect upon re-epithelialisation.*' Murine tis-
sue studies also suggest that endogenous androgens retard cuta-
neous wound healing through their effects on collagenolytic
enzymes  (metalloproteinases).*> endogenous
oestrogens, broadly speaking, are identified as enhancers of cuta-
neous wound repair.*’

There is wide variability in hypospadias surgery post-operative
complication rates, with disparate effects of PHT on surgical out-
comes (Table 3). Some studies have suggested higher rates of
complications,*®*® particularly dehiscence,**” which may be
related to increased post-operative oedema and inflammation,
but others have demonstrated significantly lower rates of overall
complications,?*?*  reoperation®'®?° and glanular dehis-
cence.'®?® Randomised controlled trials have shown reduced
rates of meatal stenosis,'® sometimes reaching statistical signifi-
cance.** Trials have shown reduced rates of urethrocutaneous
fistula,'® frequently reaching statistical significance**** with
results confirmed through meta-analysis of a subset of three
pooled randomised controlled trials.’

When surveyed, surgeons have suggested PHT increases
bleeding,” but this is inconsistent with several operative papers.>*>
One study ceased PHT 5-weeks pre-operatively to reduce any theo-
retical risk of intra-operative bleeding. Though the hypothesis was
not tested scientifically, the study reported no bleeding problems.'¢

One randomised trial suggested a significant improvement in
parental penile perception scores measured 3-months post-opera-
tively, following PHT for distal hypospadias.”® Another study identi-
fied adult men who underwent hypospadias repair in childhood and
demonstrated similar complication rates between those who received
testosterone and controls (50% vs. 43% respectively, P = 0.54).

Non-randomised studies need to be interpreted with caution.*’

Conversely,

PHT may have been administered at the discretion of the surgeon
due to various case differences,*>*® so treatment and control
groups may fundamentally differ. Because PHT use is associated
with high-degree hypospadias phenotypes, poor outcomes may
be biased against PHT. Although null results in such studies may
signify no inherent value in the treatment, alternatively signifi-
cant benefit may be hidden by a more severe disease type in the
treatment arm. Furthermore, results may be biased by criteria for
treatment, or the specific surgical technique selected.*®

1513

© 2022 The Authors. Journal of Paediatrics and Child Health published by John Wiley & Sons Australia, Ltd on behalf of Paediatrics and Child Health Division (The Royal

Australasian College of Physicians).



K Taghavi et al.

Pre-operative hormonal therapy

(sanuriuo))
(9g = u) 92
"POAJSSO SISOUIS [eIRSL JO 82UBISIYSP (9c = u) o3
Jejnue|d ON “WJe 8U04a)S031Sa} au} (dnosd
Ul (00 > d) uonesadoau Joy pasu |jesano yoea panjosas snjjeydoidiw
pue (S0°0 < d ‘%E'8 "SA %0) 24nPLIS 10} uelpawi) |I3un Jo syjuow ¢ 4o} Aep (zz) lewaou
[BAy3aIN “(G0°0 > d ‘%ST “SA %6°S) syuow 9z u0adins a|3uls e Agq — (anbiuyoay /3%/8w Z 93e0URIBPUN MOJ3] dS §'Z> — Snjleydoidiw yim (5102)
e[Sy SNOBULINI0IYIBIN JO B34 PadNPaY pue |z 1aonq) dey pueyst [enndaid asiensuel) 2U049)50159} |2I0 Jiedal seipedsodAy jewxoad Aewd 104 eulyd
(6£=1u) 90
(v8 =u) 93
“suonedldwod Jejnueid Jo Asejdoayiein
Ul 82UBJaIp ou NG (L00'0 > d) S|0AU0D ‘payidads jou Suiwin
paypIew-uou 03 pasedwiod uaym (ueipaw) saunpadoid adeis Jo Aousnbauy ‘yi8uaiis (6G1) [ewixoud Apnis |0J3u0d (9102)
1Hd 3uimoj|o Lapim sue|d sadie| %1 | syauow / -0M} 6| ‘saunpadoid a3e3s-9|3uls Qv | — .WeaJd au0J91s03sa , pue |e3sip ‘siiedau seipedsodAy Asewid —9sed aAdadsold vsn
Sy =u) 90
(6t = u) 93
(10'0 = d) dnous Juswieas;
3Y3 Ul U9as AJSAISN|DXa sem 22uddsiyap syuow g1 €
punom Jansmoy (80 = d) ejnisy dn-moj|o4 dIL Apueuiwopaid Alyauow (1) areyjueus 12(£102)
SN0BURIND0IYIIN JO 8384 Ul 9IUSIBHIP ON WNWIUIN ‘Ayse|doyzain ade3s-a|3uIS 2U0493501593 3%/3W ¢ (v6) seipedsodAy [eisiq 104 elpu
SHoOM €
=C 40} Apfoam Buwi sz (W)
(90 =d ‘%z6 ‘S 91e0.dEI0S| BU0JSIS03ST] — 10U pIP 9€ ‘JuUaWIeaS}
%88) Sddd U0adins juspuadapul ues|y JO SoaM g auowuoy pey ¢ ‘(09) 8say3 JO
(PS50 =d ‘%ev Joj ag e3euoidoud dn-moj|o4 [B21UI|D 4O} B|Ce|I_AR %0G
‘SA %0G) AdeJayl au0.e3s031593 INOYIM (uelpaw) ‘seipedsodAy |ewixoid pue 2U049350359] %G [ealdo] — ‘(1Z1) pooyp|iyd ul diedas seipedsodAy Apnis 1104y0d ,(8102)
10 YIM suoned|iduwiod ul aduaJayip oN siedh €81 |eIsip o Jiedau Joy senbjuydal aidinw PEIIE| Asewud snojnaud ‘syuaiied 3npy aA30adsoa1ey spuepaylaN
(00=d
'€0'8 "SA 88'8) Sddd JuaJed uesy
coo=d
‘%L¥L "SA %6°E) 92ULISIY3P Sue|D
(00=d (c6 =u) 90
‘%6°€Z "SA %G1 1) suopesado-ay Slapuodsai-uou, /| —
(GLo=d .siepuodsal, g/ —
‘%€'8T 'SA %81) suoned|dwod [ejoL (v6 = U) 93
:dnoJ8 j0J3u0d ex
0} (WW g < YIpIM Sue|8 asealoul (uelpaw) Alyauow (1) 81eyueus 02(8102)
yam asoyy) siepuodsad, duedwo)d sieahk G'| (uoadins a|3uls) Jiedas diL 2U0493501593 3%/3W ¢ (981) seipedsodAy [eisia 10¥ elpu
ezl =u) 90
(611 =u) 93
(98°0 = d ‘s|043u02 A4adins 03 Joud syjuow g (L¥2) wnsoiduods ,(0202)
%61 "SA %¥°91) suoned|dwod 3uljeaH Jedh | (213u82-nINw) Aysejdoayain Aejuo Wwieaud ausiysawold % | JO UOISIAIP [ewix04d 840w JO Heys-pIn 104 pulig-sjgqnod aouel
awooINQ |ensa3ul anbjuyday [e213.nS ainsodx3 (N) dnoud juaized udiseq (1eaA)
dn-mojjo4 Ajuno)

53WO02IN0 [2184NnS U0 Adesay) [euowoy dAiReIado-a4d JO 109}48 BY3 UO SBIpNIS € ajgeL

Journal of Paediatrics and Child Health 58 (2022) 1508-1519

© 2022 The Authors. Journal of Paediatrics and Child Health published by John Wiley & Sons Australia, Ltd on behalf of Paediatrics and Child Health Division (The Royal

1514

Australasian College of Physicians).



Pre-operative hormonal therapy

K Taghavi et al.

(sanurjuo))

(96 = u) 92
(oe=u) 93
2U042150159)

olwa1sAs pue 9Iy-g ylog —
(Wwi gg < |un)
y18us) ajiuad uo 108y8
|ea1uld Ag paulwieleg

(G170 = d ‘%LS "SA %L LT) A1edins (ve suoidalul
240} SYIUOW € > "SA SYIUOW €< JHd uelpaw ‘| 1O Jaquinu) 9-gx
8uinledas syualied Ul sa3es 92UISIYSP ‘ueaw) ‘Alauow Wi ,w/8w 001
/e]NiSy Ul @2UaJajlp Juedyiud|s oN syuow /6 2U0J93150159] DIWBISAS —
(€270 =d %L L1 'SA %0€) Juswiea.} pue oL (sasop
JeuowIOy SUIAI@I8] 10U 8S0Y) pue usaMIaq 9x) shep z| 40} Aep Jayio (9z1) (29p40yd JuedLIUBIS
sjuaned JHd Usamiaq suoledldwod a3uel AJdna WI NI 00GL 9Y-d — + Jeyspiw pulyaqg wnsoiduods |eLIY P8]|03U0D ,(1102)
3ulleay ul aduaJayip 3uedyludis oN dn-mojjo4 Aysejdoiyzain Aejuo PEINIE| sndJod Jo uoisiAp) selpedsodAy al1enas pasiwopue.-UoN 2ouel4
(L0000 > d %L1
"SA %i7€) JUBWIea]] BU0JSISOISa) YIM (10essoe
paseaJou| suonedldwod Ayseidoiyiain Ul 3|ge|leA. 10U S|ie3ap)
'8U049)503593 SUIAI9d3) wwi G| > Jojewelp
10U 950U} Ul WW #°G| 03 patedwod sue|3 i Jaje| (6U0J315031581
‘WW G'9| 03 8UISealdul ‘W Z1| pauyads JO ‘sue|d ||ews yim asoyy panIedal £/) (€68) |€ISIp pue Apnis 3404yod
Jajawelp sue|d juswieaJi-aud uespy 10N Jledad 11 Ul uonoalul 8u0481s0158] [ewixoad — Jiedas seipedsodAy Adewid 9AIDads0nay o (710Z)VSN
(t00=d
%L1 "SA %0°0) WNIN2MIBAIP [edyiain —
(t00=d
‘%11 "SA %0°0) 92UISIYaP Jejnue|s —
(€00=d
‘%€ 'SA %L°1) SISOURIS |eIRIN —
(c00=d"%LL
‘SA %b') BINISY SN0BURINJ0JYIBIN —
:sdnoJd (L6 =u) 9D
|0J3U0D pue JUsWIeaJ} 8yl Usamiaq (16 =Uu) 953
sa1ed suoledldwod dypads Suedwo)
AKiadins
(E0°0 = d ‘%T°EL "SA %5'S) $|0AU0D (syauow 09 210J8q SyUOW ¢ Jo}
Yam pasedwod dnoud juswieal; —¢ a3ueJ) Alyauow (1) 81eyueud (z81) sared jeayzain
8uowle Jamo| sajes uonedl|dwod ||e4enQ syjuow g Jiedas diL 2U049)503593 8y/8W ¢ e yum seipedsodAy [eisip 4o Jeyspin 104 ,,(5102) uey
awodINQ |ensa1ul anbjuyday [e218INS aJinsodx3 (N) dnoid juaijed udisaq (1e9A)
dn-mojjo4 Anuno)

(penunuoD) € ajqeL

1515

Journal of Paediatrics and Child Health 58 (2022) 1508-1519

© 2022 The Authors. Journal of Paediatrics and Child Health published by John Wiley & Sons Australia, Ltd on behalf of Paediatrics and Child Health Division (The Royal

Australasian College of Physicians).



K Taghavi et al.

Pre-operative hormonal therapy

"o1e|d pasioul pazue|ngny diL ‘uoleIAep piepuels
‘as ‘04005 uondadiad ajluad siuaied ‘Sddd ‘Adesayi [euowloy aniesado-aid ‘JHd Yejnasnwesiul ‘Wi ‘dnosd ainsodxa ‘D3 8U049315015910JpAYIP ‘IHA ‘dnoid [0J3u0d ‘D) ‘uidosjopeuod dJuoLoyd uewNyY-e39q ‘9Iy-g

(50°0 > d ‘%tz "SA %€) uonesadoay —

(S0°0 > d ‘%ct "SA %S) Buleds — (8€) usWILaL
(S00>d [eUOWLIOY [IN 19D
‘%8 "SA %0) 92UdISIYSp JejnuelD — (£€) AjpAnesado
(GO0 <d ‘%LL "SA %E) eIMSld — -a4d syeam G Buisead
(S0°0 > d ‘%S "SA %0) SIsoua)s |ejea|y — ‘syauow ¢ Joj Ajiep
:5]0J3U02 snsiaA dnoid |Hd 90U0 |28 |ewJsapsues} 1HA (5/) |e3sIp pue 5,(8002)
ul suoped)jdwod jo sajed duledwo) Jeak | Jledad d1L %62 93 lewixodd — Jiedas sejpedsodAy Adewlid 104 elasny
syjuow g 4o} Ajiep
‘(UanIB J0U SBN[eA d) (%' S 92U0 8U048150315810JpAYIP
‘SA %0/) dnoJd esodnwi [e2oNg 8y} |eaido] —
ul pue (%24 "sA %5 6€) dnoid Aejuo (S0l WI ;W/8w 001
a1 Ul ‘(%8°97) uoneNwins Aue anledal —1 28ueJ) 2U0J93150159] — (uoneNWIRs jeuowloy
JOU PIp OYM BSOY3 UL} (%8'9Y) syuow ¢ ‘shep ¢ 40} Aep Jayio pane2ai 9/) (¥81) (eiseidodAy jesusn
suopedljdwod aiow Ajuedyiudis dn (1 8dAy 18eueAoy ‘esodnw AJana NI 00SL 9IY-d — payew pue wnsolduods sndiod jo Apnis 1104y0d ,(6002)
pey [Hd paAledal Oym sjusied  -MOJ|0} US|y |e2onq “Aejuo) sanbjuydal 984yl PEIUIE] uolsinlp [ewixoud) sejpedsodAy aianss aADadsoiay aouel4
2W02IN0 |eAIa3ul anbjuyday [e213nS ainsodx3 (N) dnoud juaned udisaqg (1e3A)
dn-mojjo4 Anuno)

(penuiuo)) € ajqeL

Journal of Paediatrics and Child Health 58 (2022) 1508-1519

© 2022 The Authors. Journal of Paediatrics and Child Health published by John Wiley & Sons Australia, Ltd on behalf of Paediatrics and Child Health Division (The Royal

1516

Australasian College of Physicians).



K Taghavi et al.

Endocrinological Considerations and
Sequelae

Immediate effects

Although topical therapy is perceived to be more benign, as it
may reduce systemic effects, studies comparing parenteral and
topical absorption suggest otherwise.>> Topically administered
testosterone and DHT can still be absorbed through the skin to
the systemic circulation due to the high steroid permeability of
the thin scrotal skin, which allows for swift and dose-dependent
serum changes.”® When ointments or creams are used, parents
(especially mothers) are requested to wear gloves during applica-

34,51,52

tion to prevent any inadvertent absorption, which can lead

to virilisation of parents or other children.>?

Intermediate effects

The commonest adverse effects of topical testosterone are pubic
hair growth (85%) and genital skin darkening (74%). These are
typically transitory, disappearing within 90 days,?? as are other
early local effects such as penile skin irritation/redness and
acne.'®!172830323% A dministration of topical oestrogen (which
was trialled in boys for its purported accelerative skin healing and
anti-inflammatory properties?***) unsurprisingly resulted in
lower rates of pubic hair and genital pigmentation (13% and
50%, respectively).?® Increases in the size and visibility of pubic
hair follicles around the penoscrotal junction were reported fol-
lowing hCG therapy, which may aid surgical repair of proximal
hypospadias by guiding skin flap demarcation.*’

Many reports note minimal to no intermediate period adverse
systemic effects following systemic®®?7>2 or topical>*>* testoster-
one preparations. Topical DHT was noted to mildly and tran-
siently suppress the pituitary-gonadal axis, and decrease the
high-density lipoprotein-cholesterol:total ~cholesterol ratio.>?
Other studies utilising oral testosterone noted no endocrine sup-
pression.?> Polycythaemia is typically associated with long-term
testosterone use, and the effect of a short course of testosterone
in infancy is not well reported. Emesis following hCG*® has been
reported. Gynaecomastia was observed in 2% of the patients
administered topical oestrogen (1% promestriene cream) pre-
operatively.**

Long-term effects
The long-term effects of PHT are poorly studied which has meant
some units are cautious when utilising this treatment modality.>”

Penile length and testicular development. Rat studies suggest
that exogenous testosterone injected early in life eventually
results in significantly shorter penile lengths. This was consis-
tently found in normal®® and hypogonadotropic hypogonadal
microphallic phenotypes.'>>” However, data from human fetal
phallic tissue’® suggests these findings are not translatable to
humans.’® The effect of PHT on human androgen receptor den-
sity and function (which is generally lower in the prepuce of
patients with congenital penile malformations) did not change
with exposure to subcutaneous testosterone.’®>° Long-term
follow-up studies have confirmed normal adult stretched penile
lengths following childhood hypospadias repair with PHT (both
topical and IM preparations), when compared to nomograms.”

Journal of Paediatrics and Child Health 58 (2022) 1508-1519
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It is noteworthy that in children with isolated microphallus,
catch-up growth at puberty occurs regardless of IM testosterone
treatment.®® Furthermore, the main physiological factor leading
to penile growth throughout childhood (outside of mini-puberty
and puberty) is not testosterone. Stretched penile length
increases from 3.3 cm at 1 year of age to 4.9 cm immediately
before the onset of puberty,®’ with growth hormone and other
growth factors likely involved.®?

Findings from animal studies of reduced testicular weight,
reduced tubular diameter, and germ cell count®® are concerning.
Whether this adverse testicular development impacts long-term
fertility remains unknown.>>

Skeletal. Investigations regarding bone growth are reassuring.
When bone age was checked 1 year following testosterone treat-
ment (topical or IM) during infancy (by evaluating the ossifica-
tion centres of hands and wrists), no alteration was
d.!7-2327:30.3234 Normal bone age has also been noted in a
child receiving up to 32 mg/kg of testosterone IM, 1-year follow-
ing treatment.”” Infants exposed to topical oestrogen had no sig-
nificant difference in bone age compared to controls.**
Testosterone PHT (topical or IM) during childhood had no effects
on eventual adult height when compared with controls (180.1
vs. 179.0 cm, P = 0.47).7

Transdermal dihydrotestosterone has been shown to increase
levels of serum alkaline phosphatase (a sensitive indicator of
bone proliferation) in children with microphallus, though bone
age and height velocity have shown not to be significantly
affected at 1-year follow-up.>*>*

observe

Neurobehavioral and developmental effects. There is correla-
tional evidence to suggest that the level of endogenous testoster-
one seen in the early post-natal period (mini-puberty) exerts a
lasting organisational effect on sex-related behaviour.®> However,
no studies of hypospadiac patients receiving PHT have rigorously
measured neurobehavioral or developmental outcomes; there-
fore, the status of PHT’s neurobehavioral effects remains
unknown.

Limitations

Studies are significantly heterogeneous primarily due to the
inherently wide spectrum of hypospadias aetiologies and pheno-
types. The aetiology of hypospadias is multifactorial and varia-
tions in androgen receptor density and function, 5-alpha
reductase activity, and testicular steroidogenesis may all impact
the efficacy of the various agents. Variations in the agent used,
route of administration, dosage and timing of treatment will fur-
ther impact results, as will various surgical approaches and peri-
operative management options (including dressings, cat-
heterisation, antibiotics and duration).

The lack of consistent outcome definitions (e.g. meatal steno-
sis) and generally inadequate follow-up periods continue to con-
sign the potential long-term effects of PHT to the unknown.
Indeed, meaningful assessment of hypospadias surgery sequelae
(psychological and physical) cannot be achieved unless patients
are followed to maturity.®® There is currently insufficient robust
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evidence to allow a clinical guideline or recommendation to be
constructed.

Conclusion

The use of PHT is non-uniform in reported clinical practice, and
expert consensus remains elusive.®® The need for a well-powered
multi-centre prospective RCT to address this question is evident
but unified agreement is required on: hypospadias severity classi-
fication; evaluation criteria and the place of biological screening;
significant prognostic variables; application of surgical techniques;
and outcome measures. Nonetheless, PHT has clear effects on
penile morphometry, and more recent controlled trials suggest
improved surgical outcomes. Possible indications for treatment
include: proximal hypospadias, microphallus and prior to
reoperations.'’ PHT may be used to improve outcomes in proxi-
mal and severe hypospadias, which represent a significant surgi-
cal challenge under the current paradigm.
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