N

m
Journal of the Endocrine Society, 2022, Vol. 6, No. 2, 1-16 -‘
https://d0|.org/10.1210/jends‘o/.bvab.172 ENDOCRINE
Mini-Review SOCIETY

Mini-Review

Congenital Micropenis: Etiology And
Management

Marianna Rita Stancampiano,’ Kentaro Suzuki’> Stuart O'Toole,?
Gianni Russo,' Gen Yamada,? and Syed Faisal Ahmed*

'Department of Pediatrics, Endocrine Unit, Scientific Institute San Raffaele, Milan 20132, Italy; 2Department
of Developmental Genetics, Institute of Advanced Medicine, Wakayama Medical University, Wakayama 641-
8509, Japan; *Department of Paediatric Surgery and Urology, Royal Hospital for Children, Glasgow G51 4TF,
UK; and *Developmental Endocrinology Research Group, University of Glasgow, Glasgow G51 4TF, UK.

ORCiD numbers: 0000-0002-6506-5505 (M. R. Stancampiano); 0000-0003-0689-5549 (S. Faisal Ahmed).

Abbreviations: AMH, anti-Miillerian hormone; AR, androgen receptor; CHH, congenital hypogonadotropic hypogonadism;
DHT, dihydrotestosterone; Dkk2, Dickkopf-related protein 2; DSD, differences/disorders of sexual development; FSH, follicle-
stimulating hormone; GT, genital tubercle; hCG, human chorionic gonadotropin; LH, luteinizing hormone; LHRH, luteinizing
hormone-releasing hormone (GnRH); PAIS, partial androgen insensitivity syndrome; SDS, standard deviation score; SPL,
stretched penile length; Wnt, Wingless-related integration site.

Received: 25 August 2021; Editorial Decision: 10 November 2021; First Published Online: 15 November 2021; Corrected and
Typeset: 10 January 2022.

Abstract

In the newborn, penile length is determined by a number of androgen dependent and in-
dependent factors. The current literature suggests that there are interracial differences in
stretched penile length in the newborn and although congenital micropenis should be defined
as a stretched penile length of less than 2.5 SDS of the mean for the corresponding popula-
tion and gestation, a pragmatic approach would be to evaluate all boys with a stretched penile
length below 2 cm, as congenital micropenis can be a marker for a wide range of endocrine
conditions. However, it remains unclear as to whether the state of micropenis, itself, is asso-
ciated with any long-term consequences. There is a lack of systematic studies comparing the
impact of different therapeutic options on long-term outcomes, in terms of genital appearance,
quality of life, and sexual satisfaction.To date, research has been hampered by a small sample
size and inclusion of a wide range of heterogeneous diagnoses; for these reasons, condition-
specific outcomes have been difficult to compare between studies. Lastly, there is a need for
a greater collaborative effort in collecting standardized data so that all real-world or experi-
mental interventions performed at an early age can be studied systematically into adulthood.
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The term congenital micropenis is used in clinical practice ~ definition of a micropenis is relatively arbitrary. However,
to refer to a penis that is shorter than expected for a new-  the identification of a micropenis is important as it may in-
born male infant [1]. Given that length is a continuum, the dicate an underlying health condition that requires further
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investigation. Congenital micropenis may be associated
with psychosocial distress in parents [2] and although it is
reported that young adults with this condition may suffer
from a poorer quality of life [3-5], this finding is not uni-
versal [6]. Often, the initial evaluation and management of
congenital micropenis has involved the administration of
androgens to the young infant with a view to enlarging the
penile size. However, the effectiveness of this therapy, espe-
cially as far as long-term outcome goes, remains question-
able. It is expected that a clearer understanding of penile
development, normal variations, the pathophysiology of
micropenis, as well as standardized long-term follow-up
will improve this condition’s management. This review will
cover these aspects and identify areas for future research.

Development of the Penis

Penile development is a complex multistep process. While
the role of androgens in the masculinization of the ex-
ternal genitalia is indisputable, there are specific aspects
of penile development that are also dependent on factors
other than androgens [6]. The human penis develops from
the genital tubercle (GT), an elevation of the perineum, al-
ready recognizable at 5 to 6 weeks of gestation as a pair of
buds, the genital swellings, on the either side of the cloacal
membrane [7, 8]. Signaling through Fgf (fibroblast growth
factor), Wnt (Wingless-related integration site) and Shh
(Sonic hedgehog) has been recently identified in the initi-
ation and maintenance of genital budding and their con-
certed action may be critical for preparing mesenchymal
competency for androgen action [7, 9]. Wnt/B-catenin
signaling has been implicated in the regulation of multiple
developmental processes, such as cell proliferation, differ-
entiation, and cell migration. Activation of the B-catenin
signaling pathway is necessary for GT masculinization [9].
The critical role of this pathway is further supported by
the finding that genetically modified female mice with con-
stitutively activated B-catenin signaling show male-type
external genitalia. In addition, Dkk2 (Dickkopf-related
protein 2), which encodes an extracellular antagonist of
canonical Wnt/B-catenin signaling, is highly expressed in
female GT mesenchyme (Fig. 1). In the male GT, Dkk2 is
regulated negatively by the androgen receptor (AR) which
plays a transcriptional repressor role by modulating his-
tone methylation via recruitment of LSD1 (lysine-specific
histone demethylase 1) [10] (Fig. 1). There is further experi-
mental evidence in the mouse, indicating that androgen-
induced genes that are responsible for masculinization of
the external genitalia may be epigenetically regulated by
SP1 (Specificity protein 1), a ubiquitously expressed tran-
scription factor that regulates a range of housekeeping
and tissue-specific genes [11] (Fig. 1). It is also possible

that there are some master regulating genes, such as AP-1
(Activator protein 1), that also play a critical role in modu-
lating genital development and identification of these will
provide further insight into future therapeutic strategies for
micropenis [12].

In humans, the GT contains tissue derived from all 3
germ layers: the ectoderm, from which the skin of phallus
and prepuce will develop; the mesoderm, from which the
corporal bodies will develop; and, the endoderm, forming
the urethral plate, which will give rise to the penile ur-
ethra [13]. In humans, before the tenth week of gestation,
the GT in males and females appears identical in size and
morphology [14, 15]. At about 9 to 10 weeks of gesta-
tion, when gonadal differentiation of the bipotential gonad
has begun, the urethral plate begins to canalize, forming
a wide diamond-shaped groove on the ventral surface of
the male genital tubercle. The lateral urethral folds of the
groove then fuse in the ventral midline, creating the tubular
urethra within the penile shaft [15, 16]. At this stage, tes-
tosterone and dihydrotestosterone (DHT) play a key role
through their action on the AR, expressed in the epithelium
and mesenchyme of the urethral folds [17, 18]. From 8 to
18 weeks of gestation, penile length significantly increases
from 0.5 mm to 8 mm in humans [19]. This period corres-
ponds to the increased production of testosterone by fetal
testis, documented as 150 to 400 ng/dL (5.2-13.9 nmol/L)
[6, 17]. After that, fetal testosterone production decreases,
remaining stable at less than 100 ng/dL (3.5 nmol/L) until
birth [6, 17]. However, between 20 weeks of gestation
and birth, the penis may grow an additional 2 cm, be-
fore reaching its full newborn length [15, 16]. Thus, penile
growth in humans is strictly regulated by androgens during
the early weeks of gestation, at the time of minipuberty, and
during puberty; however, other hormonal pathways may
contribute to penile growth from 20 weeks of gestation
until the point of minipuberty and from 6 to 8 months of
age until puberty [15, 19]. Several reports have suggested
that growth hormone and IGF1 may be involved in penile
growth [6, 20]. Moreover, in healthy term newborns, penile
length has been shown to correlate to other markers of pre-
natal androgenization such as anogenital distance [21], and
penile length may also show an association to birth length
[22], highlighting the overlapping role played by determin-
ants of skeletal and genital development.

Environment and Epidemiology

The detrimental effect of environmental prenatal exposure
to endocrine disruptors on the androgenization of male off-
spring has been described for more than 3 decades now
[23, 24]. This has also been supported by other observa-
tions, such as the reports of micropenis in cases of prenatal
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Figure 1. (a-b) A schematic figure of the possible cross talk between androgen and Wnt/f-catenin signaling for genital tubercle (GT) masculiniza-
tion in mice. Activation of the Wnt/3-catenin signaling pathway is necessary for GT masculinization. Dkk2 (Dickkopf-related protein 2), encoding an
extracellular antagonist of Wnt/$-catenin signaling, is regulated negatively by androgens (testosterone and dihydrotestosterone) through the an-
drogen receptor (AR). (a) Dkk2 is highly expressed in female GT mesenchyme. (b) In the male GT, Dkk2 is regulated negatively by AR, permitting the
activation of the Wnt/B-catenin signaling. See Reference 9 for details. Abbreviations: ARE, androgen responsive element; DHT, dihydrotestosterone.
(c-d) Epigenetic regulation of murine external genitalia masculinization. (c) Androgen-induced genes that are responsible for masculinization of
the external genitalia are regulated by androgen receptor (AR). (d) Housekeeping transcription factor genes, such as Specificity protein 1 (SP1) and
Activator protein 1 (AP1) are required as co-factors form modulating histone modifications to promote masculinization. Hence such genes are neces-
sary to regulate the competency of the sexual differentiation of the GT. See Reference 10 and 11 for details. Created with Biorender.com.

maternal use of antifungals [25, 26], as well as a reported
association between exposure to endocrine disruptor chem-
icals and micropenis [27-29]. However, the association be-
tween maternal exposure to endocrine disruptors when
assessed by measurement of antenatal urinary concentra-
tions of phthalates and related chemicals has not shown
this same relationship [30, 31]. Furthermore, the stretched
penile length (SPL) in male newborns has not shown a tem-
poral reduction over the last 7 decades (Table 1) 22, 32-57].
Notably, the reports from the United States from the 1970s
and most recently in 2021 document a similar SPL [22, 32,
57] as does a study performed in South Korea which com-
pared newborn SPL over 2 temporal periods 25 years apart
[41]. This observation of a lack of a temporal association
to a change in penile length is contrary to the reports of
increasing birth prevalence of other conditions that may be
associated with a disruption in androgen exposure, such as
hypospadias and cryptorchidism [23, 58].

Identification of Micropenis

Micropenis has to be differentiated from buried, webbed,
or trapped penis. In the webbed penile anomaly, the scrotal
sac extends onto the ventral aspect of the penile shaft,
giving the visual appearance of a small penis, but palpation
of the corpora will reveal the true state. In approximately

3% to 4% of newborns, the shaft of the penis may be
buried within the peripubic fat [39], and this is commoner
in older and particularly overweight boys. A trapped penis
refers to a penis that has become entrapped by scar tissues
or excessive excision of preputial or shaft skin following
an intervention such as a circumcision. Other associated
penile malformations include chordee, when the penis is
curved, and this can give an impression of a micropenis.
It follows that prior to measurement of the penile length,
there is a need for a careful examination of the penis and
the rest of the genitalia. Penile length should be measured
as SPL: the suprapubic fat should be pressed inwards as
much as possible, the foreskin must be retracted, and the
glans penis should be held with the thumb and forefinger;
then, the measurement should be taken from the pubis to
the distal tip of the glans penis, over the dorsal side [59,
60]. The SPL that is measured in the newborn within the
first 12 hours of life has been reported to be 10% shorter
than the true SPL and may thus require re-assessment [39].
The inter- and intra-observer variation for trained per-
sonnel has been reported as 1 SD of 0.34 cm and 0.18 c¢m,
respectively [47]. Another measurement technique that has
been described uses a modified 10-mL syringe in which the
penis is stretched during the suction [61]. It is possible that
this method may reduce the measurement variability which
is introduced by the suprapubic fat [60] but this requires
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Table 1. Summary of studies reporting stretched penile length (SPL, expressed as median or mean and SD) in full-term

newborn (except for Reference 44, male infant born at 30-36 weeks of gestation), from a wide range of ethnic backgrounds

Ref Year Country n SPL (cm) -2.5 SDS (cm)
[32] 1942 USA 125 3.75 NA
[57] 1975 USA 37 3.5+0.7 2.5
[33] 1987 Japan 25 2.9+0.5 1.4
[43] 1989 Indonesia 336 2.9+0.2 2.4
[44] 1998 Australia 188 (0.16 x GW) -2.27 NA
[45] 2001 Canada 105 34=+03 2.7
[46] 2002 Saudi Arabia 379 3.6 +0.57 2.2
[47] 2006 Europe 1962 3.5+04 2.5
[48] 2006 Taiwan 156 2904 1.9
[36] 2007 Brazil 126 4.7+ 0.8 2.7
[49] 2007 Mexico 781 2.7+0.5 1.5
[50] 2009 Malaysia 195 3.5+04 2.5
[38] 2010 Europe 310 3.6 +0.46 2.5
[51] 2014 Nigeria 226 34=+0.5 2.2
[40] 2014 Japan 1210 3.1+0.26 2.5
[52] 2016 India 1015 3.3+0.38 2.4
[41] 2016 Korea 86 4.1+0.8 2.1
[53] 2017 Turkey 249 3.2+0.55 1.8
[34] 2018 Egypt 37 3.5+0.6 2.0
[42] 2018 China 98 2.8+0.5 1.6
[54] 2018 Iran 203 2.6 +0.15 2.2
[55] 2019 Sri Lanka 369 3.0+0.37 2.1
[56] 2020 Europe 174 3.1+0.54 1.8
[22] 2021 USA 197 3.6+0.5 2.4

further study. Since the first report by Schonfeld and Beebe
in 1942 [32], several studies have reported normal values
of SPL for newborn full-term male infants (Table 1) and
pre- and post-pubertal boys, related to age, Tanner stages,
and ethnicities [22, 32-36, 38, 40-57]. For Caucasian pre-
term infants born at 24 to 36 weeks’ gestation, Tuladhar
et al proposed that normal values of SPL could be calcu-
lated using the formula: (0.16 x weeks of gestation) — 2.27
[44].

Micropenis is defined as a normally formed penis with a
SPL that is less than 2.5 SDS below the mean for the patient’s
age [59] and ethnicity [45]. In term newborns, micropenis may
be defined as a SPL of less than 1.5 cm in Japan and Mexico,
1.8 cm in Europe, and 2.7 ¢cm in Brazil (Table 1). Based on
these data, perhaps 2 cm may represent a more appropriate
cutoff as an international standard while bearing in mind the
regional and genetic differences (Fig. 2). Recently, some studies
have also reported measurements of penile circumference for
preterm and term neonates [54], but this has not been regularly
measured when assessment is undertaken for micropenis.

Etiology

Micropenis may present as an isolated genital condition, it may
present with other abnormalities of the genitalia, such as undes-
cended testes, hypospadias, or bifid scrotal folds, or it may be one

of several features of a congenital syndrome with multisystem
abnormalities [59]. Endocrine causes of micropenis can be at-
tributed to a defect of the hypothalamic-pituitary-gonadal axis
(congenital hypogonadotropic hypogonadism) [62] that may
present alone or in combination with inadequate or absent
production of other anterior pituitary hormones (congenital
hypopituitarism) [63]. Multiple pituitary hormone deficiencies
may also be part of a syndromic spectrum, such as Prader-Willi
syndrome [64], Bardet-Biedl syndrome [65], Laurence-Moon
syndrome [66], Charge syndrome [67], Silver Russel syndrome
[68], and Rud syndrome [69]. Micropenis that is present as an
isolated feature or present in combination with other urogenital
anomalies, may also point toward a wide range of differences/
disorders of sex development (DSD) [70]. Moreover, micropenis
has been described in many genetic syndromes, including those
caused by autosomal or sex chromosomal aneuploidies such
as trisomies 8, 13, 18, and 21 or poly-X syndromes, such as
Klinefelter syndrome [71] and 49 XXXXY [72] (Table 2).
Micropenis can also be a presenting feature of hypogonadism
in men; for instance, in Klinefelter syndrome, 10% to 25% of
men may have micropenis [73, 74].

The Evaluation of an Infant With Micropenis

Infants with micropenis, isolated or associated with atyp-
ical genitalia, need to be considered for clinical, genetic, and
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Figure 2. SPL in boys across childhood and adolescence in different ethnic backgrounds.The numbers refer to the bibliographic citation in References

andTable 1.

endocrine evaluation by a specialized multidisciplinary team
[75]. Although micropenis is instinctively considered to be an
exclusively male condition, it is important to bear in mind
that 46, XX infants and children with a disorder of androgen
excess such as congenital adrenal hyperplasia may present as
an apparent boy with micropenis and bilateral undescended
testis [76]. In newborn girls, the length of the clitoris does
not seem to be dependent on gestation and a newborn with a
clitoral length greater than 8 mm requires further evaluation

[60]. Micropenis, isolated or combined with other urogenital
anomalies (hypospadias, undescended testes, malformation
of the scrotum) may be related to a range of endocrine dis-
orders and differential diagnosis may be really challenging.
The coexistence of neonatal metabolic or neurological anom-
alies (such as neonatal hypoglycemia, prolonged jaundice,
hypotonia) and/or dysmorphic features needs to be con-
sidered to exclude concomitant absent production of other
anterior pituitary hormones (congenital hypopituitarism)
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Table 2. Conditions Associated with Micropenis

Hypogonadotropic hypogonadism

Isolated

Combined with other pituitary hormone deficiency
(hypopituitarism)

Syndromic conditions:

e Prader-Willi syndrome

e Bardet-Biedl syndrome

e Laurence-Moon syndrome

e Charge syndrome

e Silver Russel syndrome

e Rud syndrome

Hypergonadotropic hypogonadism

Congenital anorchia

Klinefelter syndrome and other X chromosome aneuploidies

Disorders of gonadal development:

e Sex chromosome mosaicism

e Partial gonadal dysgenesis

Syndromic conditions, eg:

e Down syndrome

e Prader-Willi syndrome

e Bardet-Biedl syndrome

e Laurence-Moon syndrome

Disorders of androgen synthesis

3-beta-hydroxysteroid dehydrogenase deficiency

17-beta-hydroxysteroid dehydrogenase deficiency

17,20-lyase deficiency isolated or combined with 17-alfa-
hydroxylase deficiency

5-alfa-reductase deficiency

Disorders of androgen action

Partial androgen insensitivity syndrome

Growth hormone deficiency

Penile agenesis (aphallia)

Maternal use of antifungals

Environmental endocrine disruptors

Nonspecific 46 XY DSD or idiopathic micropenis (ie, cases that do
not have any evidence of endocrine or genetic abnormalities)

and/or syndromic diseases, mentioned above. In boys with
micropenis with additional concerns about short stature or
growth retardation, the threshold for evaluating the growth
hormone axis should be lowered. Given that the etiology of
micropenis includes a wide range of conditions associated
with DSD, children with isolated micropenis who do not
have hypogonadotropic hypogonadism (HH), isolated or
combined with other anterior pituitary hormone deficien-
cies, should also undergo a careful evaluation for DSD [75].
When congenital hypogonadotropic hypogonadism (CHH)
is suspected, measurement of luteinizing hormone (LH),
follicle-stimulating hormone (FSH), and testosterone in early
infancy and especially between 1 and 3 months of age may
be helpful to catch the minipuberty surge, before these hor-
mones decline until the beginning of puberty [77]. However,
low concentrations of gonadotropins or sex steroids have

little diagnostic utility and need to be followed by dynamic
stimulation tests including a luteinizing hormone-releasing
hormone (LHRH) stimulation test and a hCG stimulation
test. The results of these dynamic tests in boys with possible
CHH need to be interpreted carefully as a normal LHRH
stimulation test may not necessarily exclude CHH [78] and
a poor testosterone rise following hCG stimulation is not un-
common in CHH [79]. It is possible that a more prolonged
hCG test, consisting of the standard hCG test followed by
further 2 injections per week for the following 2 weeks, with
blood sample collected the day after the last injection, may
be more appropriate in such cases but this requires further
study [80]. Serum anti-Miillerian hormone (AMH) and in-
hibin B are also likely to be low in those with CHH [81] but
given that they may also be low in disorders of gonadal de-
velopment, the results need to be interpreted in combination
with the results of the other endocrine investigations. The
additional clinical utility of INSL3 as a biochemical marker
of hypogonadotropic hypogonadism requires further explor-
ation [82].

In cases that are suspected to have a DSD, abdomen
ultrasound or magnetic resonance imaging are useful
for detecting the Miillerian structures and to visualize
the testes in case of abdominal cryptorchidism [83].
However, these tools are operator dependent and may
also depend on the state of the child and the results need
to be interpreted cautiously and in combination with the
results of the other investigations. Magnetic resonance
imaging of the brain, including the pituitary and the ol-
factory tracts, should be performed in cases of suspected
hypogonadotropic hypogonadism [84, 85]. Increasingly,
diagnostic genetics utilize high-throughput sequencing or
whole exome/genome sequencing for analyzing panels of
candidate genes and given the wide range of causes of
micropenis, detailed molecular genetic analysis will be
guided by the results of the clinical evaluation and may
require a panel that includes genes that are implicated in
DSD and hypogonadotropic hypogonadism. Molecular
genetic analysis should be accompanied by a microarray
to identify copy number variation especially in those
cases where there are associated extragenital features
[86]. In centers with greater access to high-throughput
sequencing or whole exome/genome sequencing, it is pos-
sible that in the diagnostic pathway, genetic testing may
be performed at an earlier stage than the more physically
demanding dynamic endocrine investigations mentioned
above. It is also increasingly becoming clear that even
some of the screening tests, such as AMH and inhibin B,
may be normal in genetically confirmed cases of CHH
[87]. Thus, the clinician may need to consider having a
very low threshold for genetic investigation in cases of
isolated micropenis.
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Hormonal Management of Micropenis

The main goal of treatment in boys with micropenis has
usually been based on increasing the penile length with
an assumption that it leads to an increase in self-esteem
and body image of the boy while reassuring the parents
of the newborn infant. In those cases that are suspected to
have a DSD, this form of therapy may also allow the cap-
acity to assess androgen responsiveness. Therapy with sex
hormones can be broadly divided into androgen therapy
or gonadotropin therapy and establishing the etiology of
micropenis would be helpful before therapy is envisaged.
While several reports exist on androgen and gonadotropin
therapy for micropenis and these will be discussed in more
detail later, there remains a paucity of evidence for their
long-term efficacy in improving SPL. A recent report sug-
gested that irrespective of the severity of the micropenis
and whether hormonal therapy is administered or not, in
those with normal gonadal function, SPL shows an in-
crease at puberty and this improvement is greatest in those
with shortest age-matched SPL [88]. In those where the
micropenis is associated with an endocrine disorder, the
results on long-term outcome are quite mixed, with one
study reporting that long-term SPL may not show an in-
crease despite early-stage hormone therapy [89] and an-
other showing an increase in SPL in response to hormone
therapy during puberty [5].

Testosterone Therapy

Short-term use of intramuscular administration of testos-
terone esters has been reported often [90-94] (Table 3).
Adverse effects have rarely been described and may include
a temporary acceleration in growth rate with a transient
advance in bone age maturation, but any effect on final
height has not been reported [90]. There are no standard
guidelines or consensus on the dosage, method of admin-
istration, or duration of testosterone therapy in boys with
micropenis. Since the 1970s, several studies have reported
a regimen of intramuscular depot-testosterone 25 mg, ad-
ministered monthly, in one or two 3-month courses [90,
92, 94, 95]. This regimen of testosterone enanthate 25 mg
every 4 weeks has been reported to show an increase in
penile length of over 100% in prepubertal boys with CHH
[92], anorchia [93], isolated micropenis [95], and hypospa-
dias with no demonstrable AR or SRDSA2 variants [94].
Arisaka et al also documented a significant increase in SPL
in 50 prepubertal boys treated with testosterone cream 5%
(10 mg/daily applied directly to the phallus) for a duration
of 30 days. In this study, the boys had an age range be-
tween 5 months and 8 years and the increase in SPL was
noticed to be greater in those who were older. Transdermal
testosterone was also associated with a rise in plasma levels

of testosterone and insulin-like growth factor 1, although
there was no rise in plasma osteocalcin as a marker of bone
formation [96]. There is a need to understand the optimal
age of therapy for maximal effect [97, 98] as this may be
related to the period when there is maximal androgen sen-
sitivity perhaps based on maximal tissue expression of AR
[99]. Given that tissue AR expression is high in early in-
fancy, it would seem appropriate to use androgens at that
point, but it remains unclear whether such early use of an-
drogens has any benefit on penile length in adulthood [100-
102] (Table 3). Studies in rats with micropenis suggest that
therapy at an early stage may be less effective in promoting
penile growth than at an age that would be equivalent to
puberty [98]. More recently, testosterone therapy has also
been described for the management of scrotal hypoplasia in
young children [103].

Topical Dihydrotestosterone Gel Treatment

The effect of topical administration of dihydrotestos-
terone (DHT), the nonaromatizable form of testosterone,
in undervirilized children with So-reductase deficiency,
was first described in 1990 by Carpenter et al [104]. Since
then, the use of DHT 2.5% gel has been reported in sev-
eral studies, as an alternative to intramuscular testosterone,
especially in boys with partial androgen insensitivity syn-
drome (PAIS) or Sa-reductase deficiency [104-111] (Table
4). Although high-dose intramuscular testosterone may
promote the virilization of the external genitalia in these
conditions [112], there is a risk that aromatization of the
high levels of circulating testosterone may lead to a prema-
ture growth spurt, precocious puberty, bone age advance,
and pronounced gynecomastia [113, 114]. On the other
hand, the supply of DHT gel has often been erratic and
there is also a risk of cross-contamination of close contacts
(especially children and women) if patients do not follow
application instructions [115]. As for testosterone therapy,
there are no standardized guidelines or consensus on thera-
peutic regimen for DHT transdermal gel application to
genital skin. The majority of studies that have reported a
clear effect on SPL have used a daily dose of 12.5 mg in
boys < 10 years of age and 25 mg in boys > 10 years of
age, for 4 to 16 weeks [105, 109]. Charmandari et al docu-
mented a significant increase in SPL at a lower dose of 0.2
to 0.3 mg/kg/daily, for 3 to 4 months [106]. Adverse effects
that have been documented include a transient decrease
of high-density lipoprotein cholesterol to total cholesterol
ratio and increase of alkaline phosphatase [105]; patients
may also experience a rash and an itch of the genital skin
[105]. A more detailed investigation of other wider effects
of DHT such as that on hematocrit have not been investi-
gated. The clinical response in SPL to DHT treatment can
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be variable, depending on the underlying diagnosis and the
age of therapy; in those with PAIS, response to DHT may
vary according to the specific AR variant [107, 116]. In
clinical practice, an increase in SPL has been reported in
PAIS [107] and Sa-reductase deficiency [109] in pre- and
peripubertal patients but not in adults. However, the re-
sponse in cases of Sa-reductase deficiency has not been
as marked as expected [109]. It has been proposed that
DHT may play an important role on AR expression, pro-
moting synthesis and repressing degradation [109, 117];
for this reason, intracellular DHT deficiency could reduce
androgen sensitivity in DHT-dependent tissues [109, 118],
explaining the limited effect of exogenous DHT in Sa-
reductase deficiency.

Gonadotropin Treatment

The first report of micropenis treatment with hCG dates
back to 1993, when Almaguer et al described notable
penile growth in 6 neonates after 3 hCG intramuscular in-
jections [119]. Subsequently, treatment with recombinant
gonadotropins was proposed as an alternative treatment
to testosterone in male infants and peripubertal boys
with CHH, as a treatment that would mimic the physio-
logical activation of hypothalamic-pituitary gonadal axis
[120]. In 2002, Main et al first reported treatment with
recombinant gonadotropins in an infant diagnosed with
CHH [121]. Therapy consisted of recombinant LH (20-
40 IU) and FSH (21.3 TU) twice weekly for approximately
7 months and was successful in improving penile length,
while inducing testicular growth and mimicking physio-
logical minipuberty [121]. Further studies have reported
the effectiveness of gonadotropin treatment in increasing
SPL in boys with CHH during the first year of life [120,
122-124]. Bougneres et al described the continuous in-
fusion of gonadotropins with an insulin pump in 2 neo-
nates with micropenis and CHH [123]. Patient 1 began
continuous subcutaneous infusion at 8 weeks (rhLH 56
IU and rhFSH 67 1U daily) until 25 weeks of life; patient
2 started continuous subcutaneous infusion at 20 weeks
(rhLH 50 IU and rhFSH 125 IU daily) until 48 weeks
of life. SPL increased from 8 to 30 mm in patient 1 and
from 12 mm to 48 mm in patient 2, with a concomitant
increase in testicular volume and serum testosterone, in-
hibin B, and AMH in both neonates [123]. However, in
general, reports of gonadotropin treatment during the
neonatal and infant period are still limited. Given the re-
spective differences in the half-life of hCG and LH [121],
there is a need for further comparison of the relative ef-
ficacy of these 2 drugs. In addition, further long-term
studies are required to explore outcomes such as fertility
[62] (Table 5).

Surgical Management of Micropenis

In 1996, Wessels et al provided guidelines for penile elong-
ation, suggesting that only men with a flaccid length of
less than 4 cm or a SPL of less than 7.5 ¢cm should be con-
sidered for surgical treatment [125]. Since the first recon-
structive intervention, reported by Hinman in the early
1970s [126], several surgical techniques have been devel-
oped [127]. However, the role of surgery in the management
of micropenis is limited, with multiple techniques described
with little in the way of high-quality evidence to guide the
clinician. Surgery is only performed in adulthood and is re-
served for the most extreme cases. The surgical options can
be divided into techniques that lengthen the penis, options
to augment the girth of the penis, surgery to make the penis
appear larger, and replacement of the phallus altogether.
To increase penile length, the suspensory ligament can be
released, and this can be performed in conjunction with a
V-Y dorsal incision [128-130]. Other techniques, such as the
sliding elongation [131, 132] and penile disassembly [133],
have been described. The increase in penile length is small
(1-3 ¢cm) [127] and subsequent scarring can cause retraction
and a reduction in length. There can also be problems with
erectile function and stability of the penis, which can affect
sexual function. The girth of the penis can be increased by the
injection of substances around the shaft of the penis: hyalur-
onic acid, liquid silicone, polyacrylamide, and autologous
fat have been tried, with limited success. The main issue has
been reabsorption of the substances injected or the precipi-
tation of scarring that affects function or causes retraction of
the penis [134-136]. The perceived length of the penis can be
increased with removal of suprapubic fat. This can be at-
tempted with weight reduction measures but can also be
augmented with removal of suprapubic fat using liposuction
or more radical surgery [137]. The penis itself can also be
replaced with an augmentation phalloplasty and many tech-
niques have been described so far [138]. Currently, a radial
artery—based forearm free flap is employed with reasonable
cosmetic outcomes and acceptable donor complications
[139]. However, despite the evolution of these techniques,
they cannot replicate the normal anatomy and function of
the penis and clearly further research is needed to identify
the best surgical procedure, in terms of which intervention
will provide the highest long-term patient satisfaction and
the lowest likelihood of postoperative complications.

Psychosocial Outcomes

Although men with micropenis may have normal experi-
ence of sexual pleasure and orgasm [140-142], sexual dis-
satisfaction has also been reported: having a micropenis
has been reported to have a negative impact on sexual
self-confidence, leading to social or sexual avoidance
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[143-145]. It is a matter of concern that, even after hor-
monal or surgical treatment in childhood and/or adolescent
age, a different genital appearance may contribute to poor
self-esteem, social anxiety, and reduced quality of life [146,
147]. Whether or not a clear correlation exists between
penile dimensions and sexual dysfunction and long-term
quality of life remains unclear, as the majority of studies
have not used standardized and validated instruments [3].
In addition, counseling of the parents of affected boys and
active involvement of the partners of affected men may be
associated with better outcomes [3], in terms of achieving
greater self and social acceptance of the condition. Thus,
psychological counseling and long-term psychological sup-
port should be provided with an age-appropriate explan-
ation of the diagnosis. The availability of psychological
support is known to be particularly low for adults with
conditions affecting sex development [148] and those who
do provide this support should also have links to experts in
sex therapy, in case this is required.

Conclusion and Future Directions

In summary, micropenis needs a multidisciplinary approach
for its assessment, management, and treatment so that an indi-
vidualized plan can be made for each patient. There is a lack of
systematic studies comparing the impact of the wide range of
hormone therapies that are available on long-term outcomes,
including quality of life and sexual satisfaction. To date, re-
search has been hampered by a small sample size and hetero-
geneous diagnoses and assessment tools. There is a need for a
greater collaborative effort in collecting standardized data so
that all real-world or experimental interventions performed
at an early age can be studied systematically into adulthood.

Additional Information

Correspondence: Professor S. Faisal Ahmed, MD FRCPCH, De-
velopmental Endocrinology Research Group, School of Medicine,
Dentistry & Nursing, University of Glasgow, Office Block, Royal
Hospital for Children, 1345 Govan Road, Glasgow G51 4TF, UK.
Email: faisal.ahmed@glasgow.ac.uk.

Disclosures: Authors have nothing to declare.

Data Availability: Data sharing is not applicable to this article
as no datasets were generated or analyzed during the current study.

References

1. Aaronson IA. Micropenis: medical and surgical implications. |
Urol. 1994;152(1):4-14.

2. Wolfe-Christensen C, Fedele DA, Kirk K, et al. Degree of ex-
ternal genital malformation at birth in children with a disorder
of sex development and subsequent caregiver distress. | Urol.
2012;188(4 Suppl):1596-1600.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Callens N, De Cuypere G, Van Hoecke E, et al. Sexual quality
of life after hormonal and surgical treatment, including
phalloplasty, in men with micropenis: a review. | Sex Med.
2013;10(12):2890-2903.

Bracka A. A long-term view of hypospadias. Br | Plast Surg.
1989;42(3):251-255.

Lee PA, Houk CP. Outcome studies among men with micropenis.
J Pediatr Endocrinol Metab. 2004;17(8):1043-1053.
Husmann DA. Micropenis: an animal model and its human
correlates. Adv Exp Med Biol. 2002;511:41-54; discussion
54.

Cohn MJ. Development of the external genitalia: conserved
and divergent mechanisms of appendage patterning. Dev Dyn.
2011;240(5):1108-1115.

Baskin L, Shen J, Sinclair A, et al. Development of the human
penis and clitoris. Differentiation. 2018;103:74-85.

Miyagawa S, Satoh Y, Haraguchi R, et al. Genetic inter-
actions of the androgen and Wnt/beta-catenin pathways for
the masculinization of external genitalia. Mol Endocrinol.
2009;23(6):871-880.

Metzger E, Wissmann M, Yin N, et al. LSD1 demethylates
repressive histone marks to promote androgen-receptor-
dependent transcription. Nature. 2005;437(7057):436-439.
Kajioka D, Suzuki K, Matsushita S, et al. Sexual fate of murine
external genitalia development: conserved transcriptional com-
petency for male-biased genes in both sexes. Proc Natl Acad Sci.
2021;118(23):e2024067118.

Matsushita S, Suzuki K, Murashima A, et al. Regulation of mas-
culinization: androgen signalling for external genitalia develop-
ment. Nat Rev Urol. 2018;15(6):358-368.

Liu X, Liu G, Shen J, et al. Human glans and preputial develop-
ment. Differentiation. 2018;103:86-99.

Shen J, Cunha GR, Sinclair A, Cao M, Isaacson D, Baskin L.
Macroscopic whole-mounts of the developing human fetal
urogenital-genital tract: Indifferent stage to male and female
differentiation. Differentiation. 2018;103:5-13.

Cunha GR, Liu G, Sinclair A, et al. Androgen-independent events
in penile development in humans and animals. Differentiation.
2020;111:98-114.

Shen J, Overland M, Sinclair A, et al. Complex epithe-
lial remodeling underlie the fusion event in early fetal de-
velopment of the human penile urethra. Differentiation.
2016;92(4):169-182.

Siiteri PK, Wilson JD. Testosterone formation and metabolism
during male sexual differentiation in the human embryo. | Clin
Endocrinol Metab. 1974;38(1):113-125.

Baskin L, Cao M, Sinclair A, et al. Androgen and estrogen re-
ceptor expression in the developing human penis and clitoris.
Differentiation. 2020;111:41-59.

Baskin L, Derpinghaus A, Cao M, et al. Hot spots in fetal
human penile and clitoral development. Differentiation.
2020;112:27-38.

Lee PA, Mazur T, Houk CP, Blizzard RM. Growth hormone
deficiency causing micropenis: lessons learned from a well-
adjusted adult. Pediatrics. 2018;142(1):20174168.
Thankamony A, Ong KK, Dunger DB, Acerini CL, Hughes IA.
Anogenital distance from birth to 2 years: a population study.
Environ Health Perspect. 2009;117(11):1786-1790.


mailto:faisal.ahmed@glasgow.ac.uk?subject=

Journal of the Endocrine Society, 2022, Vol. 6, No. 2

13

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Shah R, Alshaikh B, Schall JI, et al. Endocrine-sensitive phys-
ical endpoints in newborns: ranges and predictors. Pediatr Res.
2021;89(3):660-666.

Main KM, Skakkebaek NE, Virtanen HE, Toppari ]. Genital
anomalies in boys and the environment. Best Pract Res Clin
Endocrinol Metab. 2010;24(2):279-289.

Skakkebak NE, Rajpert-De Meyts E, Main KM. Testicular
dysgenesis syndrome: an increasingly common develop-
mental disorder with environmental aspects. Hum Reprod.
2001;16(5):972-978.

Mogensen DM, Pihl MB, Skakkebak NE, et al. Prenatal ex-
posure to antifungal medication may change anogenital dis-
tance in male offspring: a preliminary study. Environ Health.
2017;16(1):68.

Gujral ], Costin G, Khurana D, et al. Undervirilized male infant
with in utero exposure to maternal use of high dose antifungal
therapy. Int | Pediatr Endocrinol. 2020;2020:16.

Gaspari L, Paris F, Jandel C, et al. Prenatal environmental risk
factors for genital malformations in a population of 1442
French male newborns: a nested case-control study. Hum
Reprod. 2011;26(11):3155-3162.

Gaspari L, Sampaio DR, Paris F et al. High prevalence
of micropenis in 2710 male newborns from an intensive-
use pesticide area of Northeastern Brazil. Int | Androl.
2012;35(3):253-264.

El Kholy M, Hamza RT, Saleh M, Elsedfy H. Penile length and
genital anomalies in Egyptian male newborns: epidemiology
and influence of endocrine disruptors. | Pediatr Endocrinol
Metab. 2013;26(5-6):509-513.

Romao RLP, Dodds L, Ashley-Martin J, Monnier P, Arbuckle TE.
Prenatal exposure to phthalates and male reproductive system
development: results from a Canadian pregnancy cohort study.
Reprod Toxicol. 2020;95:11-18.

Swan SH, Sathyanarayana S, Barrett ES, et al; TIDES Study
Team. First trimester phthalate exposure and anogenital dis-
tance in newborns. Hum Reprod. 2015;30(4):963-972.
Schonfeld WA, Beebe GW. Normal
ation in the male genitalia from birth to maturity. | Urol.
1942,48(6):759-777.

Fujieda K, Matsuura N. Growth and maturation in the male

growth and vari-

genitalia from birth to adolescence. II. Change of penile length.
Pediatr Int. 1987;29(2):220-223.

El-Ammawi TS, Abdel-Aziz RT, Medhat W, Nasif GA, Abdel-
Rahman SG. Measurement of stretched penile length in prepubertal
boys in Egypt. | Pediatr Urol. 2018;14(6):553.e1-553.€5.

Chung KH, Choi H, Kim SW. Penile and testicular sizes of
Korean children. Korean | Urol. 1987;28(2):255-258.

Gabrich PN, Vasconcelos JS, Damido R, Silva EA. Penile anthro-
pometry in Brazilian children and adolescents. | Pediatr (Rio ]).
2007;83(5):441-446.

Camurdan AD, Oz MO, Ilhan MN, Camurdan OM, Sahin F,
Beyazova U. Current stretched penile length: cross-sectional
study of 1040 healthy Turkish children aged 0 to 5 years.
Urology. 2007;70(3):572-575.

Tomova A, Deepinder F, Robeva R, Lalabonova H, Kumanov P,
Agarwal A. Growth and development of male external geni-
talia: a cross-sectional study of 6200 males aged 0 to 19 years.
Arch Pediatr Adolesc Med. 2010;164(12):1152-1157.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

Teckchandani N, Bajpai M. Penile length nomogram for Asian
Indian prepubertal boys. | Pediatr Urol. 2014;10(2):352-354.
Matsuo N, Ishii T, Takayama JI, Miwa M, Hasegawa T. Reference
standard of penile size and prevalence of buried penis in
Japanese newborn male infants. Endocr J. 2014;61(9):849-853.
Park S, Chung JM, Kang DI, Ryu DS, Cho WY, Lee SD. The
change of stretched penile length and anthropometric data in
Korean children aged 0-14 years: comparative study of last
25 years. | Korean Med Sci. 2016;31(10):1631-1634.

Wang YN, Zeng Q, Xiong F, Zeng Y. Male external geni-
talia growth curves and charts for children and adolescents
aged 0 to 17 years in Chongqing, China. Asian | Androl.
2018;20(6):567-571.

Suttan Assin M, Jusuf Rukman AD. Penile dimensions of new-
born infants. Paediatr Indones. 1989;29(7-8):146-150.
Tuladhar R, Davis PG, Batch J, Doyle LW. Establishment of
a normal range of penile length in preterm infants. | Paediatr
Child Health. 1998;34(5):471-473.

Cheng PK, Chanoine JP. Should the definition of micropenis
vary according to ethnicity? Horm Res. 2001;55(6):278-281.
Al-Herbish AS. Standard penis size for normal full term new-
borns in the Saudi population. Saudi Med J. 2002;23:314-316.
Boas M, Boisen KA, Virtanen HE, et al. Postnatal penile
length and growth rate correlate to serum testosterone levels:
a longitudinal study of 1962 normal boys. Eur | Endocrinol.
20063154(1):125-129.

Wang CH, Lin WD, Bau DT, Tsai CH, Liu DC, Tsai F]. Penile
length of normal boys in Taiwan. Acta Paediatr Taiwan.
2006;47(6):293-296.

Romano-Riquer SP, Herndndez-Avila M, Gladen BC, Cupul-
Uicab LA, Longnecker MP. Reliability and determinants
of anogenital distance and penis dimensions in male new-
borns from Chiapas, Mexico. Paediatr Perinat Epidemiol.
2007;21(3):219-228.

Ting TH, Wu LL. Penile length of term newborn infants in
multiracial Malaysia. Singapore Med J. 2009;50(8):817-821.
Jarrett OO, Ayoola OO, Jonsson B, Albertsson-Wikland K,
Ritzen EM. Penile size in healthy Nigerian newborns: country-
based reference values and international comparisons. Acta
Paediatr. 2014;103(4):442-446.

Singal AK, Jain VG. Maternal and infant characteristics
influencing the anogenital distance and penile length in new-
borns. Andrologia. 2016;48(6):708-713.

Halil H, Oguz SS. Establishment of normative data for stretched
penile length in Turkish preterm and term newborns. Turk |
Pediatr. 2017;59(3):269-273.

Soheilipour F, Rohani F, Dehkordi EH, et al. The Nomogram
of penile length and circumference in Iranian term and preterm
neonates. Front Endocrinol (Lausanne). 2018;9:126.

Kollurage UA, Atapattu N, Jayamanne BD, Gunasiri JR,
de Silva SH. Assessment of the stretched penile length in Sri
Lankan newborns. Ceylon Med J. 2019;64(1):4-8.

Van der Straaten S, Springer A, Zecic A, et al. The external geni-
talia score (EGS): a European multicenter validation study. |
Clin Endocrinol Metab. 2020;105(3):e222-e230.

Feldman KW, Smith DW. Fetal
penile standards for newborn male infants. | Pediatr.
1975;86(3):395-398.

phallic growth and



14

Journal of the Endocrine Society, 2022, Vol. 6, No. 2

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Yu X, Nassar N, Mastroiacovo P, et al. Hypospadias prevalence
and trends in international birth defect surveillance systems,
1980-2010. Eur Urol. 2019;76(4):482-490.

Hatipoglu N, Kurtoglu S. Micropenis: etiology, diagnosis
and treatment approaches. | Clin Res Pediatr Endocrinol.
2013;5(4):217-223.

Ozbey H, Temiz A, Salman T. A simple method for
measuring penile length in newborns and infants. BJU Int.
1999;84(9):1093-1094.

Tsang S. When size matters: a clinical review of pathological
micropenis. | Pediatr Health Care. 2010;24(4):231-240.
Boehm U, Bouloux PM, Dattani MT, et al. Expert consensus
document: European Consensus Statement on congenital
hypogonadotropic hypogonadism-pathogenesis, diagnosis and
treatment. Nat Rev Endocrinol. 2015;11(9):547-564.

Salisbury DM, Leonard JV, Dezateux CA, Savage MO.
Micropenis: an important early sign of congenital hypopituit-
arism. Br Med ] (Clin Res Ed). 1984;288(6417):621-622.
Hirsch HJ, Eldar-Geva T, Bennaroch F, Pollak Y, Gross-Tsur V.
Sexual dichotomy of gonadal function in Prader-Willi syndrome
from early infancy through the fourth decade. Hum Reprod.
2015;30(11):2587-2596.

Mujahid S, Hunt KF, Cheah YS, et al. The endocrine and
metabolic characteristics of a large Bardet-Biedl syn-
drome clinic population. | Clin Endocrinol Metab.
2018;103(5):1834-1841.

Whitaker MD, Scheithauer BW, Kovacs KT, Randall RV,
Campbell R], Okazaki H. The pituitary gland in the Laurence-
Moon syndrome. Mayo Clin Proc. 1987;62(3):216-222.

Pinto G, Abadie V, Mesnage R, et al. CHARGE syndrome
includes hypogonadotropic hypogonadism and abnormal
olfactory bulb development. ] Clin Endocrinol Metab.
2005;90(10):5621-5626.

Hall JG. Microphallus, growth hormone deficiency, and
hypoglycemia in Russell-Silver syndrome. Am | Dis Child.
1978;132(11):1149.

Larbrisseau A, Carpenter S. Rud syndrome: congenital ich-
thyosis, hypogonadism, mental retardation, retinitis pig-
mentosa and hypertrophic polyneuropathy. Neuropediatrics.
1982;13(2):95-98.

Hughes TA, Houk C, Ahmed SE, Lee PA; IWPES Consensus
ESPE  Consensus
on management of intersex disorders. Arch Dis Child.
2006;91(7):554-563.

Bonomi M, Rochira V, Pasquali D, Balercia G, Jannini EA,
Ferlin A; Klinefelter ItaliaN Group (KING). Klinefelter syn-
drome (KS): genetics, clinical phenotype and hypogonadism. |
Endocrinol Invest. 2017;40(2):123-134.

Mazzilli R, Delfino M, Elia J, et al. Testosterone replace-

Group; Group. Consensus statement

ment in 49,XXXXY syndrome: andrological, metabolic and
neurological aspects. Endocrinol Diabetes Metab Case Rep.
2016;2016:150114.

Asirvatham AR, Pavithran PV, Pankaj A, et al. Klinefelter syn-
drome: clinical spectrum based on 44 consecutive cases from a
South Indian tertiary care center. Indian | Endocrinol Metab.
2019;23(2):263-266.

Vallabhajosyula R, Rajangam S. A data profile of phenotypic
features in 72 Klinefelter syndrome (KFS) males. Int | Hum
Genet. 2012;12(3):139-143.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Ahmed SE Achermann JC,Arlt W, et al. Society for Endocrinology
UK guidance on the initial evaluation of an infant or an ado-
lescent with a suspected disorder of sex development (Revised
2015). Clin Endocrinol (Oxf). 2016;84(5):771-788.

Andrew M, Barr M, Davies E, Wallace AM, Connell JM,
Ahmed SE. Congenital adrenal hyperplasia in a Nigerian child
with a novel compound heterozygote mutation in CYP11B1.
Clin Endocrinol (Oxf). 2007;66(4):602-603.

Andersson AM, Toppari J, Haavisto AM, et al. Longitudinal re-
productive hormone profiles in infants: peak of inhibin B levels
in infant boys exceeds levels in adult men. | Clin Endocrinol
Metab. 1998;83(2):675-681.

Mosbah H, Bouvattier C, Maione L, et al. GnRH stimulation
testing and serum inhibin B in males: insufficient specificity for
discriminating between congenital hypogonadotropic hypo-
gonadism from constitutional delay of growth and puberty.
Hum Reprod. 2020;35(10):2312-2322.

Wang Y, Gong C, Qin M, Liu Y, Tian Y. Clinical and genetic
features of 64 young male paediatric patients with congenital
hypogonadotropic hypogonadism. Clin Endocrinol (Oxf).
2017;87(6):757-766.

Lucas-Herald AK, Kyriakou A, Alimussina M, et al. Serum
anti-Miillerian hormone in the prediction of response to hCG
stimulation in children with DSD. ]| Clin Endocrinol Metab.
2020;105(5):1608-1616.

Coutant R, Biette-Demeneix E, Bouvattier C, et al. Baseline in-
hibin B and anti-Mullerian hormone measurements for diagnosis
of hypogonadotropic hypogonadism (HH) in boys with delayed
puberty. ] Clin Endocrinol Metab. 2010;95(12):5225-5232.
Trabado S, Maione L, Bry-Gauillard H, et al. Insulin-like pep-
tide 3 (INSL3) in men with congenital hypogonadotropic
hypogonadism/Kallmann syndrome and effects of different mo-
dalities of hormonal treatment: a single-center study of 281 pa-
tients. | Clin Endocrinol Metab. 2014;99(2):E268-E275.

G, Andrade KC, Barcelos IHK, Maciel-
Guerra AT. Imaging techniques in the diagnostic journey of dis-
orders of sex development. Sex Dev. 2018;12(1-3):95-99.
Dutta P, Bhansali A, Singh P, Rajput R, Khandelwal N,
Bhadada S. Congenital hypopituitarism: clinico-radiological
correlation. | Pediatr Endocrinol Metab. 2009;22(10):921-928.
Silveira LF, Latronico AC. Approach to the patient with

Guerra-Junior

hypogonadotropic hypogonadism. | Clin Endocrinol Metab.
2013;98(5):1781-1788.

Byers HM, Fossum M, Wu HY. How geneticists think about
differences/disorders of sexual development (DSD): a conversa-
tion. J Pediatr Urol. 2020;16(6):760-767.

Vizeneux A, Hilfiger A, Bouligand ], et al. Congenital
hypogonadotropic hypogonadism during childhood: pres-
entation and genetic analyses in 46 boys. Plos One.
2013;8(10):e77827.

Han JH, Lee JP, Lee JS, Song SH, Kim KS. Fate of the micropenis
and constitutional small penis: do they grow to normalcy in pu-
berty? | Pediatr Urol. 2019;15(5):526.e1-526.€6.

Husmann DA. The androgen insensitive micropenis: long-term
follow-up into adulthood. | Pediatr Endocrinol Metab.
2004;17(8):1037-1041.

Guthrie RD, Smith DW, Graham CB. Testosterone treat-
ment for micropenis during early childhood. | Pediatr.
1973;83(2):247-252.



Journal of the Endocrine Society, 2022, Vol. 6, No. 2

15

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Veldsquez-Urzola A, Léger J,Aigrain Y, Czernichow P. Hypoplasie
de la verge: diagnostic étiologique et résultat du traitement par
testosterone retard. Arch Pédiatrie. 1998;5(8):844-850.
Bin-Abbas B, Conte FA, Grumbach MM, Kaplan SL. Congenital
hypogonadotropic hypogonadism and micropenis: effect of tes-
tosterone treatment on adult penile size why sex reversal is not
indicated. | Pediatr. 1999;134(5):579-583.

Zenaty D, Dijoud E Morel Y, et al. Bilateral anorchia in in-
fancy: occurence of micropenis and the effect of testosterone
treatment. | Pediatr. 2006;149(5):687-691.

Ishii T, Hayashi M, Suwanai A, Amano N, Hasegawa T. The
effect of intramuscular testosterone enanthate treatment on
stretched penile length in prepubertal boys with hypospadias.
Urology. 2010;76(1):97-100.

Nerli RB, Guntaka AK, Patne PB, Hiremath MB. Penile growth
in response to hormone treatment in children with micropenis.
Indian | Urol. 2013;29(4):288-291.

Arisaka O, Hoshi M, Kanazawa S, et al. Systemic effects of
transdermal testosterone for the treatment of microphallus in
children. Pediatr Int. 2001;43(2):134-136.
Dorn LD, Hostinar CE, Susman EJ,
Conceptualizing puberty as a window of opportunity for

Pervanidou P.

impacting health and well-being across the life span. | Res
Adolesc. 2019;29(1):155-176.

McMahon DR, Kramer SA, Husmann DA. Micropenis: does
early treatment with testosterone do more harm than good? |
Urol. 1995;154(2 Pt 2):825-829.

Chang C, Lee SO, Wang RS, Yeh S, Chang TM. Androgen re-
ceptor (AR) physiological roles in male and female reproductive
systems: lessons learned from AR-knockout mice lacking AR in
selective cells. Biol Reprod. 2013;89(1):21.

van der Zwan YG, Nina C, van Jet K, et al. Long-term out-
comes in males with disorders of sex development. | Urol.
2013;190(3):1038-1042.

Tietjen DN, Uramoto GY, Tindall DJ, Husmann DA.
Characterization of penile androgen receptor expression in
micropenis due to hypogonadotropic hypogonadism. | Urol.
1998;160(3 Pt 2):1075-1079.

Money ], Lehne GK, Pierre-Jerome FE Micropenis: adult
follow-up and comparison of size against new norms. ] Sex
Marital Ther. 1984;10(2):105-116.

Al Samahy O, Othman D, Gad D, Baky Fahmy MA.
Efficacy of topical testosterone in management of scrotal
hypoplasia and agenesis. | Pediatr Urol. 2021;17(4):515.
el-515.e8.

Carpenter TO, Imperato-McGinley J, Boulware SD, et al.
Variable expression of § alpha-reductase deficiency: presenta-
tion with male phenotype in a child of Greek origin. | Clin
Endocrinol Metab. 1990;71(2):318-322.

Choi SK, Han SW, Kim DH, de Lignieres B. Transdermal di-
hydrotestosterone therapy and its effects on patients with
microphallus. ] Urol. 1993;150(2 Pt 2):657-660.

Charmandari E, Dattani MT, Perry LA, Hindmarsh PC,
Brook CG. Kinetics and effect of percutaneous admin-
istration of dihydrotestosterone in children. Horm Res.
2001;56(5-6):177-181.

Becker D, Wain LM, Chong YH, et al. Topical dihydrotes-
tosterone to treat micropenis secondary to partial androgen

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

insensitivity syndrome (PAIS) before, during, and after puberty-a
case series. | Pediatr Endocrinol Metab. 2016;29(2):173-177.
Xu D, Lu L, Xi L, et al. Efficacy and safety of percutaneous
administration of dihydrotestosterone in children of different
genetic backgrounds with micropenis. | Pediatr Endocrinol
Metab. 2017;30(12):1285-1291.

Sasaki G, Ishii T, Hori N, et al. Effects of pre- and post-pubertal
dihydrotestosterone treatment on penile length in Sa-reductase
type 2 deficiency. Endocr . 2019;66(9):837-842.

Odame I, Donaldson MD, Wallace AM, Cochran W, Smith PJ.
Early diagnosis and management of 5 alpha-reductase defi-
ciency. Arch Dis Child. 1992;67(6):720-723.

Bertelloni S, Scaramuzzo RT, Parrini D, Baldinotti F, Tumini S,
Ghirri P. Early diagnosis of Salpha-reductase deficiency in new-
borns. Sex Dev. 2007;1(3):147-151.

Weidemann W, Peters B, Romalo G, KD,
Schweikert HU. Response to androgen treatment in a pa-

Spindler

tient with partial androgen insensitivity and a mutation in
the deoxyribonucleic acid-binding domain of the androgen
receptor. | Clin Endocrinol Metab. 1998;83(4):1173-1176.
Dougan GC, Uli N, Shulman DI. Progressive central puberty
in a toddler with partial androgen insensitivity. | Pediatr.
2014;164(3):655-657.

Lucas-Herald A, Bertelloni S, Juul A, et al. The long-term out-
come of boys with partial androgen insensitivity syndrome and
a mutation in the androgen receptor gene. | Clin Endocrinol
Metab. 2016;101(11):3959-3967.

Kathiresan AS, Carr BR, Attia GR. Virilization from partner’s
use of topical androgen in a reproductive-aged woman. Am |
Obstet Gynecol. 2011;205(3):e3-e4.

Foresta C, Bettella A, Ferlin A, et al. Response to local
dihydrotestosterone treatment in a patient with par-
tial androgen-insensitivity syndrome due to a novel mu-
tation in the androgen receptor gene. Am | Med Genet.
2002;107(3):259-260.

Syms A], Norris JS, Panko WB, Smith RG. Mechanism of
androgen-receptor augmentation. Analysis of receptor syn-
thesis and degradation by the density-shift technique. | Biol
Chem. 1985;260(1):455-461.

Trybek G, Kolasa A, Marchlewicz M, Wenda-Rézewicka L,
Wiszniewska B. Immunolocalization of androgen receptor in
the epididymis of rats with dihydrotestosterone deficiency.
Reprod Biol. 2005;5(3):291-301.

Almaguer MC, Saenger P, Linder BL. Phallic growth after
hCG. A clinical index of androgen responsiveness. Clin Pediatr
(Phila). 1993;32(6):329-333.

Kohva E, Huopio H, Hietamiki J, Hero M, Miettinen PJ,
Raivio T. Treatment of gonadotropin deficiency during the first
year of life: long-term observation and outcome in five boys.
Hum Reprod. 2019;34(5):863-871.

Main KM, Schmidt IM, Toppari J, Skakkebaek NE. Early
postnatal treatment of hypogonadotropic hypogonadism
with recombinant human FSH and LH. Eur ] Endocrinol.
2002;146(1):75-79.

Kim SO, Ryu KH, Hwang IS, Jung SI, Oh K], Park K. Penile
growth in response to human chorionic gonadotropin (HCG)
treatment in patients with idiopathic hypogonadotrophic hypo-
gonadism. Chonnam Med ]. 2011;47(1):39-42.



16

Journal of the Endocrine Society, 2022, Vol. 6, No. 2

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

Bougnéres P, Francois M, Pantalone L, et al. Effects of an
early postnatal treatment of hypogonadotropic hypogonadism
with a continuous subcutaneous infusion of recombinant
follicle-stimulating hormone and luteinizing hormone. J Clin
Endocrinol Metab. 2008;93(6):2202-2205.

Stoupa A, Samara-Boustani D, Flechtner I, et al. Efficacy and
safety of continuous subcutaneous infusion of recombinant
human gonadotropins for congenital micropenis during early
infancy. Horm Res Paediatr. 2017;87(2):103-110.

Wessells H, Lue TE, McAninch JW. Penile length in the flaccid
and erect states: guidelines for penile augmentation. | Urol.
1996;156(3):995-997.
Hinman F Jr. Microphallus: characteristics and
choice of treatment from a study of 20 cases. J Urol.
1972;107(3):499-505.

Campbell J, Gillis J. A review of penile elongation surgery.
Transl Androl Urol. 2017;6(1):69-78.

Mertziotis N, Kozyrakis D, Bogris E. Is V-Y plasty necessary for
penile lengthening? Girth enhancement and increased length
solely through circumcision: description of a novel technique.
Asian | Androl. 2013;15(6):819-823.

Hoznek A, Rahmouni A, Abbou C, Delmas V,
Colombel M. The suspensory ligament of the penis: an
anatomic and radiologic description. Surg Radiol Anat.
1998;20(6):413-417.

Li CY, Kayes O, Kell PD, Christopher N, Minhas S, Ralph D]J.
Penile suspensory ligament division for penile augmentation:
indications and results. Eur Urol. 2006;49(4):729-733.

Rolle L, Ceruti C, Timpano M, et al. A new, innovative, length-
ening surgical procedure for Peyronie’s disease by penile pros-
thesis implantation with double dorsal-ventral patch graft: the
“sliding technique”. | Sex Med. 2012;9(9):2389-2395.

Egydio PH, Kuehhas FE. Penile lengthening and widening
without grafting according to a modified ‘sliding’ technique.
BJU Int. 2015;116(6):965-972.

Perovic SV, Djordjevic ML. Penile lengthening. BJU Int.
2000;86(9):1028-1033.

Vardi Y, Har-Shai Y, Harshai Y, Gil T, Gruenwald 1. A critical
analysis of penile enhancement procedures for patients with
normal penile size: surgical techniques, success, and complica-
tions. Eur Urol. 2008;54(5):1042-1050.

Panfilov DE. Augmentative phalloplasty. Aesthetic Plast Surg.
2006;30(2):183-197.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

Xu L, Zhao M, Yang Z, et al. Modified penile augmentation
by dermal-fat graft in post-hypospadias adults. Aesthetic Plast
Surg. 2016;40(1):120-129.

Figler BD, Chery L, Friedrich JB, Wessells H, Voelzke BB.
Limited panniculectomy for adult buried penis repair. Plast
Reconstr Surg. 2015;136(5):1090-1092.

Heston AL, Esmonde NO, Dugi DD 3rd, Berli JU.
Phalloplasty: techniques and outcomes. Transl Androl Urol.
2019;8(3):254-265.

Monstrey S, Hoebeke P, Dhont M, et al. Radial forearm
phalloplasty: a review of 81 cases. Eur | Plast Surg.
2005;28(3):206-212.

Reilly JM, Woodhouse CR. Small penis and the male sexual
role. ] Urol. 1989;142(2 Pt 2):569-572.

Wisniewski AB, Migeon CJ, Gearhart JP, et al. Congenital
micropenis: long-term medical, surgical and psychosexual
follow-up of individuals raised male or female. Horm Res.
2001;56(1-2):3-11.

Schwentner C, Lunacek A, Oswald J, et al. Long-term clin-
ical and surgical outcome of severely undervirilized males-
implications for initial management. | Pediatr Urol. 2007;3:528.
Gupta D, Bhardwaj M, Sharma S, Ammini AC, Gupta DK. Long-
term psychosocial adjustments, satisfaction related to gender and
the family equations in disorders of sexual differentiation with
male sex assignment. Pediatr Surg Int. 2010;26(10):955-958.
Palma Sircili MH, de Queiroz e Silva FA, Costa EME, et al.
Long-term surgical outcome of masculinizing genitoplasty in
large cohort of patients with disorders of sex development. J
Urol. 2010;184(3):1122-1127.

Kohler B, Kleinemeier E, Lux A, et al.; DSD Network Working
Group. Satisfaction with genital surgery and sexual life of adults with
XY disorders of sex development: results from the German clinical
evaluation study. | Clin Endocrinol Metab. 2012;97(2):577-588.
Schonbucher V, Schweizer K, Richter-Appelt H. Sexual quality
of life of individuals with disorders of sex development and
a 46,XY karyotype: a review of international research. | Sex
Marital Ther. 2010;36(3):193-215.

Schober JM. Sexual quality of life in an intersexual population:
a needs assessment. BJU Int. 2004;93 Suppl 3:54-56.

Dessens A, Guaragna-Filho G, Kyriakou A, et al. Understanding
the needs of professionals who provide psychosocial care for
children and adults with disorders of sex development. BM]
Paediatr Open. 2017;1(1):¢000132.



