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Ancient Cultures and DSD
• Sumerian:

– Ninmah, a mother goddess created humanity from clay 
– Created 6 humans.  #6 had both a penis and vagina

• Judaism
– …either androgynos or tumtum (hidden) … different gender roles

…male sometimes female.
• Islam

– Arabic as khuntha (all disorders)…sex could be determined by site of urination 
in a practice called hukm al-mabal… no identifiable sex organs, was assigned 
the intermediary sex category khuntha mushkil

• South Asia
– Hijra, 3rd sex category

• Greece:
– Hippocratic/Galenic model…masculine men, feminine women, and many 

shades in between….including hermaphrodites…a perfect balance of male and 
female



History of DSD
Middle Ages: "If someone has a beard, and always wishes to act like a man 

(excercere virilia) and not like a female, and always wishes to keep company 
with men and not with women, it is a sign that the male sex prevails in him 

and then he is able to be a witness, where a woman is not allowed.”

Early Modern Period:  Edward Coke (Lord Coke), wrote in his Institutes of the 
Lawes of England … "Every heire is either a male, a female, or an hermaphrodite, 
that is both male and female. And an hermaphrodite…shall be heire, either as 
male or female, according to that kind of sex which doth prevaile.”

Mid Modern Period:  Victorian medical authors introduced the terms "true 
hermaphrodite” ) both ovarian and testicular tissue), "male pseudo-
hermaphrodite" (testicular tissue, but female/ ambiguous sexual anatomy), and 
"female pseudo-hermaphrodite”(ovarian tissue, but either male/ambiguous sexual 
anatomy)



History of DSD
1917:  Goldschmidt>>Intersex

1950:  John Money >> “Optimal Gender Policy”

1930-1960s:  Hugh Hampton Young:  Pioneered Genital Reconstructive Surgery

1970-1980s:  Surgery Sex Reassignment uncritically accepted in academics and society at large

1980s:  Began to understand Sex Hormones are important in sexual 
behavior and gender identity

1990s:  Culture is not important in in human sexual behavior.  
Biological factors are important

1996:  American Academy of Pediatrics :  Supports Surgery:  Sex 
assignment can determine sex identity if performed < 2.5 years



History of DSD
1997 David Rimmer

1999:  Columbia, SA:  Limited the ability of parents to consent 
to genital surgery for infants with intersex conditions

2006:  Intersex >> DSD

2014:  WHO: 81% of 439 patients with intersex underwent surgery 
>> 50% had psychological issues >> 66% felt surgery was the 

reason for issues with family life and physical well being

2015: Malta outlawed non-consensual modifications to sexual characteristics

2016: Global Disorders of Sexual Development Update: Timing and choice of individual and 
irreversible surgical procedures are sources of concern....Physicians should… emphasize 

preserving patient autonomy.    

2018:  California State Legislature passed a resolution condemning surgery



What is DSD

DSD:  altered physical sex differentiation

Incidence Rate
46 XY DSD 1/20,000 births

46 XX DSD 1/14,000-15,000 births
Mixed Gonadal Dysgenesis 1/10,000 births
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Classification of DSD

• 46 XY DSD (Male Pseudohermaphrodite)
– Defects in Testicular Development

• Denys-Drash Syndrome
• WAGR syndrome
• XY pure gonadal dysgenesis

– Deficiency of Testicular Hormones
• Leydig cell aplasia
• Lipoid Adrenal Hyperplasia deficiency
• 3βHSD II deficiency
• 17-Hydroxylase/17,20-lyase deficiency

– Defect in Androgen Action
• 5α-reductase II deficiency
• Androgen insensitivity Syndrome (AIS)



Classification of DSD

• Ovotesticular DSD (True Hermaphrodite)
– XX
– XY
– XX/XY chimeras

• Sex Chromosome DSD
– 45X (Turner Syndrome and variatnt)
– 47 XXY (Klinefelter Syndrome and variants)
– 45 X/46 XY (mixed gonadal dysgenesis, sometime 

cause of ovotesticular DSD)



Classification of DSD

• 46 XX DSD
– Androgen Exposure

• 21-Hydroxylase deficiency
• 11 β-Hydroxylase deficiency
• 3β-Hydroxysteroid dehydrogenase II deficiency
• Aromatase (P450 arom or CYP19) deficiency
• Glucocorticoid receptor gene mutations
• Virilizing tumors
• Androgenic drugs

– Disorders of Ovarian Development
• XX gonadal dysgenesis
• Testicular DSD (SRY+, SOX 9 duplication)

– Other



Congenital Adrenal Hyperplasia 
(CAH)

• 46 XX DSD
– 21 α-Hydroxylase deficiency
– 11β-Hydroxylase deficiency
– 3β-Hydroxysteroid dehydrogenase deficiency

• 46 XY DSD
– 3β-Hydroxysteroid dehydrogenase deficiency
– 17 Hydroxylase/17,20-lyase deficiency



21-Hydroxylase Deficiency

with cholesterol. Deficiency of 7-dehydrocholesterol reduc-
tase results in impaired synthesis of cholesterol and leads to
Smith-Lemli-Opitz syndrome. This syndrome is character-
ized by variable clinical features including cardiac defects,
cleft palate, syndactyly, polydactyly, and genital ambiguity.
The conversion of cholesterol to pregnenolone depends on
the steroidogenic acute regulatory (StAR) protein and
P450scc; hence, defects in these 2 enzymes can lead to
undervirilized males. These patients typically appear as
phenotypic females with undescended testes. Individuals
with StAR mutations have adrenal insufficiency and lipid

accumulation and enlargement of their adrenal glands.
Patients with P450scc have a phenotype similar to that of
individuals with StAR deficiency. 3b-HSD type II is the
enzyme that converts dehydroepiandrostenedione to an-
drostenedione. Deficiencies in 3b-HSD type II can cause
hypospadias, micropenis, or more severe undervirilization/
ambiguity in addition to cortisol and mineralocorticoid de-
ficiency. Mutations in the CYP17 gene can lead to defi-
ciency in the activities of 17a-hydroxylase and 17,20 lyase.
XY individuals with 17a-hydroxylase/17,20 lyase defi-
ciency can present with varying degrees of undervirilization

Figure 2. Adrenal biosynthesis pathway.
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11 β-Hydroxylase deficiency

with cholesterol. Deficiency of 7-dehydrocholesterol reduc-
tase results in impaired synthesis of cholesterol and leads to
Smith-Lemli-Opitz syndrome. This syndrome is character-
ized by variable clinical features including cardiac defects,
cleft palate, syndactyly, polydactyly, and genital ambiguity.
The conversion of cholesterol to pregnenolone depends on
the steroidogenic acute regulatory (StAR) protein and
P450scc; hence, defects in these 2 enzymes can lead to
undervirilized males. These patients typically appear as
phenotypic females with undescended testes. Individuals
with StAR mutations have adrenal insufficiency and lipid

accumulation and enlargement of their adrenal glands.
Patients with P450scc have a phenotype similar to that of
individuals with StAR deficiency. 3b-HSD type II is the
enzyme that converts dehydroepiandrostenedione to an-
drostenedione. Deficiencies in 3b-HSD type II can cause
hypospadias, micropenis, or more severe undervirilization/
ambiguity in addition to cortisol and mineralocorticoid de-
ficiency. Mutations in the CYP17 gene can lead to defi-
ciency in the activities of 17a-hydroxylase and 17,20 lyase.
XY individuals with 17a-hydroxylase/17,20 lyase defi-
ciency can present with varying degrees of undervirilization

Figure 2. Adrenal biosynthesis pathway.
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3β-Hydroxysteroid dehydrogenase 
II deficiency

with cholesterol. Deficiency of 7-dehydrocholesterol reduc-
tase results in impaired synthesis of cholesterol and leads to
Smith-Lemli-Opitz syndrome. This syndrome is character-
ized by variable clinical features including cardiac defects,
cleft palate, syndactyly, polydactyly, and genital ambiguity.
The conversion of cholesterol to pregnenolone depends on
the steroidogenic acute regulatory (StAR) protein and
P450scc; hence, defects in these 2 enzymes can lead to
undervirilized males. These patients typically appear as
phenotypic females with undescended testes. Individuals
with StAR mutations have adrenal insufficiency and lipid

accumulation and enlargement of their adrenal glands.
Patients with P450scc have a phenotype similar to that of
individuals with StAR deficiency. 3b-HSD type II is the
enzyme that converts dehydroepiandrostenedione to an-
drostenedione. Deficiencies in 3b-HSD type II can cause
hypospadias, micropenis, or more severe undervirilization/
ambiguity in addition to cortisol and mineralocorticoid de-
ficiency. Mutations in the CYP17 gene can lead to defi-
ciency in the activities of 17a-hydroxylase and 17,20 lyase.
XY individuals with 17a-hydroxylase/17,20 lyase defi-
ciency can present with varying degrees of undervirilization

Figure 2. Adrenal biosynthesis pathway.
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Clinical Investigation of 
Ambiguous Genitalia

• Prenatal History
• Family History
– Consanguinity      Risk Autosomal Recessive disorder. Ex. CAH
– Infant Death (Salt-Wasting CAH)
– Ambiguous Genitalia
– Urological anomalies
– Female infertility/Amenorrhea
– Maternal Drug Exposer
– Maternal Virilization (maternal tumor)

• Medical and Developmental History
– Adolescent Presentation



Clinical Investigation of 
Ambiguous Genitalia

Prader Scale

Labioscrotal hyperpigmention 
Gonads Palpable/Nonpalpable

Stretched phallic length (< 2.5 cm micropenis)
Phallic width

Degree of chordee



Late Presentation of DSD

• Primary Amenorrhea
• Progressive Virilization
• Delayed or Incomplete Pubertal Development



Clinical Investigation of 
Ambiguous Genitalia

• Chromosomal Microarray Analysis
– 1st 24 hours

• Labs:
– Chemistry
– Glucose
– 17-hydroxyprogesterone (unreliable < 36 hr)
– Gonadotrophins (LH, FSH)
– Testosterone
– Anti-Mullerian Hormone (       Boys than Girls)



Interpretation of Labs

• 46 XX:
– 17-OHP and Androgen = CAH
– AMH and Androgen = Ovotesticular DSD
– Androgen and normal AMH = Aromatase Deficiency
– Androgen decreases with time = Maternal source

• 46 XY:
– Androgen and AMH = Dysgenetic Gonads
– Androgen and normal/high = Steroid Defect
– Androgens and AMH = Androgen Insensitivity 

ACTH Stimulation Test
bHCG stimulation Test



Clinical Investigation of 
Ambiguous Genitalia

• Radiology Imaging
– Pelvic/abdominal Ultrasound
– MRI

• Gonadal biopsy (some cases)

• Genitourinary Sinogram



Is it a boy or a girl?



Determining Gender

• “Before the 1950s…infant gender based on its 
“true sex,”… determined by biological 
findings …external genitalia or karyotype 

• 1950s and 1960s… infants were born tabula 
rasa (blank slate)…gender identity …social 
and environmental influences 



Determining Gender

• Differences between the male and female 
brain
– Imaging
– Morphology
– Histology 

Grey matter varies between sexes when regions of 
the brain are compared



Determining Gender

Hormonal Imprinting:  Testosterone during a 
brief perinatal period enters the developing 
brain to act via androgen receptors or after 

aromatization to estrogen via estrogen receptors 
to induce sex differences



It takes a village……….

 Global Disorders of Sex Development 
Update since 2006 

 Horm Res Paediatr 2016;85:158–180 
DOI: 10.1159/000442975
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  Fig. 1.  Models of DSD team care:  a  simultaneous independent con-
tributions of team members from two or more disciplines;  b  team 
members work jointly, each from a discipline-specific perspective, 
with acceptance that elements of knowledge and skills are shared 
to address a common problem;  c  a transdisciplinary approach syn-

thesizes discipline-specific concepts, creating new models to ad-
dress a common problem with all disciplines being jointly respon-
sible for every clinical goal. Based on Institute of Medicine Report 
 [77] . 



Educating Parents

on sexual orientation include neuroendocrine factors, genetic factors, neuro-
anatomy, and physiologic and social factors.12 An example of a question to assess
sexual orientation might be, “Do you find yourself attracted to boys, girls, both, or
neither?”
The “Genderbread Person”26 is 1 way to talk about these concepts with families and

to offer a visual representation that is intuitive. Gender role is represented by the out-
ward appearance, gender identity by the brain and the way one thinks about and un-
derstands their gender identity and sexual orientation is represented by the heart, or to
whom one is attracted (Fig. 2).

GENDER DYSPHORIA

The terminology change from the Diagnostic Statistical Manual (DSM) IV diagnosis of
Gender Identity Disorder to the DSM V27 diagnosis of gender dysphoria represents an
important shift (Box 2). Gender Identity Disorder reinforced the binary models of
gender and was thought to be a permanent and overly pathologizing label. Gender
dysphoria recognizes that, for many, the disorder may be transient and the symptoms
may improve or disappear over time, particularly as one feels more comfortable with
one’s affirmed gender identity. Gender dysphoria recognizes that the dysphoria is the
problem and not the identity.

Persistence and Desistence

Estimates suggest that 2% to 10 % of boys and 5% to 10% of girls behave different
from their natal sex (ways more consistent with the other sex at one time or another
in childhood).28,29 The DSM-V reports the prevalence of gender dysphoria at
0.005% to 0.014% for adults assigned as male at birth, and it is 0.002% to
0.003% for adults assigned as female at birth.30 Newer descriptions such as “Gen-
derqueer” and “Genderfluid” are also evolving, for which there are no published es-
timates of prevalence.
Desistence is when individuals do not continue to experience gender dysphoria into

adulthood. There are high levels of reported desistence in the literature ranging from
2% to 27% across studies.30 For many families, a common question is, “What if

Fig. 2. Genderbread person. (Courtesy of Sam Killermann (Austin, Texas, USA), It’s Pro-
nounced Metrosexual. Available at: http://itspronouncedmetrosexual.com/genderbread-
person/.)

Olshan et al468
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Determining Gender

Parents will select Gender after they have been 
educated believing/hoping they are correct

In some cases, gender may not be assigned. 

Goal:  Gender Congruence
The feeling of harmony with ones gender



Surgical Intervention in DSD
The European Society of Pediatric Urology and Society for Pediatric Urology 

“Atypically developed genitalia can affect not only physical appearance and body 
image, but also function of the urinary tract, kidneys, gonads, and the 

psychological and psychosexual development of the individual. 

Therapeutic management of these patients is, therefore, not limited to ‘cosmetic’ 
surgery as stated in some reports. . . ” 

Medical and surgical management aims were specified as: “Avoiding potential 
health hazards related to the altered anatomy and function of the urogenital 

tracts, meeting parents’ expectations and helping the individual to achieve future 
satisfactory sexual function, consistent with their gender identity. . . ”



Surgical Intervention

• Urgent Surgical Intervention
• Obstructed Bladder
• Obstructed Rectum

• Elective Surgical Intervention
• Gonads
• Internal Reproductive Anatomy
• External Genitalia



Surgical Intervention

• Gonads
– Cancer Risk
• 30-50% : Dysgenetic Gonads with Y chromosome
• 1-22% : Errors in Testosterone Action or Synthesis

– Prevention Contrasexual change
• Ex. Female to Male at puberty

– Utilization of hormones at Puberty
• Ex. Complete Androgen Insensitivity Syndrome

– Testosterone>>> Estrogen>>> Breast Development

– Gender Congruence
• Can consider  gonadotropin releasing hormone agonist



Surgical Intervention

• Fertility and DSD
– 1030 patients > 32 years with DSD diagnosis
• 99.3% were CAH with 0.7% other diagnosis
• 33% had a partner
• 14% had > 1 child

– 7% with ART
– 4% adopted
– 3.5% reproduced without ART



Table 1 Fertility summary in DSD.

Type of DSD References Fertility rate Overall fertility and specifics

46,XX DSD (masculinized female)
CAH
21-hydroxylase deficiency Reared female: fertility possible with

hormonal replacement/treatment.
Fertility rates: non-classic > simple
masculinizing > classic salt wasting

Classic salt-wasting CAH Claahsen-van der Grinten
et al. [4]

0e10%

Simple masculinizing CAH Claahsen-van der Grinten
et al. [4]

33e50%

Non-classic CAH Claahsen-van der Grinten
et al. [4]

63e90%

11b-hydroxylase deficiency Simm et al. [7] 1 case report Subfertility: rare fertility with hormonal
therapy

3b-HSD deficiency No reported cases Infertile to date
CYP17A1 mutation Marsh et al. [9], Levran

et al. [10]
1 case report Infertile: 1 case with IVF and frozen ET

46,XY DSD (undermasculinized male)
CAH
21-hydroxylase deficiency Falhammar et al. [12] w1/2 compared to

national data controls
Fertility reduced in males; lower T/E2
ratio, higher FSH; abnormal semen
parameters in w50%; TARTs may play
role and are treated with steroids

CLAH Metherell et al. [15] Cases reported Classical form leads to complete sex
reversal (infertile); non-classical forms
with varied phenotype, fertility reported
in males (subfertile)

3b-HSD deficiency Burckhardt et al. [16] 1 case report Subfertile to infertile; testicular biopsies
show spermatogenic arrest and Sertoli-
only cells

POR deficiency Fukami [17] No reported cases Infertile: delayed puberty common

Disorders of T biosynthesis
17OH deficiency Diamond and Yu [18] No reported cases Complete form often reared female with

gonadectomy and estrogen replacement
at puberty (infertile);
Partial form require T replacement at
puberty if reared male (infertile)

17 b-HOR deficiency Auchus and Miller [19] No reported cases Infertile
Leydig cell hypoplasia/
agenesis

Bakircioglu et al. [20] 1 case report Infertility thought universal with
azoospermia common; recently 1 case of
life birth after ICSI with cryopreserved
sperm from micro-TESE

Disorders of androgen target tissue
Androgen insensitivity syndrome

Complete AIS Rutgers and Scully [21] No reported cases Reared female: absence of Müllerian
structures (infertile); possibility of male
fertility factor low

Partial AIS Tordjman et al. [24] Cases reported Reared female: absence of Müllerian
structures (infertile);
Reared male: variable phenotypes and
typical cryptorchidism histology; fertility
possible spontaneously (hormonal
treatment) or with IVF (subfertile)

Disorders of T metabolism
5a-reductase type 2

deficiency
Katz et al. [29], Kang
et al. [30]

Decreased Reared female: gonadectomy to prevent
virilization (infertile);
Reared male or male gender
reassignment at puberty: orchiopexies
and have oligoasthenoteratospermia,
natural paternity rare but fertility
possible with IUI and TESE/ICSI

(continued on next page)

Fertility in disorders of sex development 419
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Fertility rates (CAH) depend on 
phenotype and are inversely 

proportional to the severity of 
the disease. 

Men with classic CAH have 
reduced fertility and due  

testicular adrenal rest tumors 
and to suppression of the 

hypothalamic-pituitary-gonadal 
axis by high systemic levels of 

androgens.



partial 21-hydroxylase enzymatic defect). Historical rates
of fertility in classic salt-wasting CAH have ranged from 0 to
10%, although improved rates have been published more
recently [2,3]. Hormonal therapy to suppress adrenal an-
drogens and progestins is needed in nearly all cases of
classic CAH to achieve regular menstrual cycles and
ovulation [4]. Simple masculinizing CAH is associated with
fertility rates of 33e50%, while non-classic CAH women
have fertility rates as high as 65e91% [4,5]. In 2010, Bidet
et al. reported a 90.5% pregnancy rate in 95 women with
non-classic CAH who desired pregnancy [6]. Interestingly,
the authors noted that the majority of pregnancies (59%)
occurred without glucocorticoid treatment [6]. Due to
scarcity of published data, less is known about fertility in
women with rarer forms of CAH. Only one successful
pregnancy in a woman with a 11b-hydroxylase deficiency
has been reported and there are no reports on fertility in
women with a 3b-HSD deficiency [7,8]. Importantly, ovarian
adrenal rest tumors are extremely rare in women with CAH,
with only three reported cases in the literature, and
therefore there is no role for ovarian biopsy or removal [5].

Mutations in cytochrome P450c17 (CYP17A1), the enzyme
that catalyzes the 17-hydroxylase and 17,20-lyase reactions
in the steroid pathway and leads to estrogen deficiency and
mineralocorticoid excess, are rare and account for<1% of all
cases of CAH [9]. Only one report of a pregnancy and live

birth exists in the literature in a female patient with 17OHD
after transfer of cryopreserved embryos after ovarian hy-
perstimulation with exogenous hormones [10]. Infertility is
thought to be secondary to anovulation and arrested folli-
culogenesis, with ovarian pathology revealing only primary
and secondary oocytes [9].

46,XY DSD (undermasculinized male)

Variants of congenital adrenal hyperplasia
Males with CAH caused by a 21-hydroxylase deficiency
appear phenotypically normal, and in the most severe form
also have salt wasting. Men with classic CAH have reduced
fertility compared with controls, as well as higher rates of
abnormal semen analysis, which is likely due to the pres-
ence of testicular adrenal rest tumors (TARTs), and sup-
pression of the hypothalamicepituitaryegonadal axis by
high systemic levels of androgens (i.e., hypogonadotropic
hypogonadism secondary to poorly controlled or under-
treated patients) [4,5,11]. Clinically significant TARTs may
be a consequence of inadequate suppression of adrenal
androgens. While TARTs are universally considered to be
benign and primarily treated by increasing glucocorticoid
steroid dosages to suppress ACTH, they are believed to
cause infertility through compression of the seminiferous
tubules leading to obstruction, decreased spermatogenesis,

Table 1 (continued )

Type of DSD References Fertility rate Overall fertility and specifics

Persistent Müllerian duct
syndrome

Josso et al. [32] Extremely low Azoospermia may be due to abnormal
germ cell maturation and/or epididymal
or ductal abnormalities; fertility possible
with IVF

Disorders of gonadal differentiation
Klinefelter syndrome Ramasamy et al. [34] w50% with TESE Infertility the rule although cases of

fertility now possible with TESE/ICSI
46,XX male Vorona et al. [37] No cases reported Azoospermia and infertility universal

Syndromes of gonadal dysgenesis
Turner syndrome Hovatta [38], Karnis [39] 2-5% (spontaneously

in mosaic forms)
Infertility due to premature ovarian
failure; spontaneous pregnancy seen in
mosaic forms; oocyte donation
successful; early oocyte
cryopreservation an option if performed
early enough; pregnancy counseling
required given increased risk of
morbidity and mortality

Mixed gonadal dysgenesis Johansen et al. [40],
Flannigan et al. [42]

1 reported case Infertility considered universal whether
reared male or female; 1 successful case
of TESE/ICSI

Ovotesticular DSD Schultz et al. [43],
Sugawara et al. [44]

Extremely low
12 cases (females)
1 case (male)

Reared female: rare fertility possible
(either spontaneous or with IVF) if
internal genitalia appropriate
(subfertile)
Reared male: 1 live birth after TESE/ICSI

AIS, androgen insensitivity syndrome; CAH, congenital adrenal hyperplasia; CLAH, congenital lipoid adrenal hyperplasia; DSD, disorder of
sex development; E2, estradiol; ET, embryo transfer; FSH, follicle-stimulating hormone; HOR, hydroxysteroid oxidoreductase; ICSI,
intracytoplasmic sperm injection; IUI, intrauterine insemination; IVF, in vitro fertilization; POR, cytochrome P450 oxidoreductase; T,
testosterone; TART, testicular adrenal rest tumor; TESE, testicular sperm extraction.
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Surgical Intervention

• Genital Surgery
• Goal of Genital Surgery

– Desired Appearance
– Capacity for Sexual Function
– Positive Psychosexual Development
– Good Health-related Quality of Life



Surgical Intervention

• Timing
– Controversial:
• Early Surgery: 

– Claims early surgery does not eliminate parental anxiety
– Legal and Ethical Question of patient autonomy
– No concrete data that early surgery is beneficial

• Late surgery
– Performed once the child identifies gender

• No Surgery
– Unless patient consents

» Uncertainty on gender
» Uncertainty about psychological and sexual development



Shared Decision Making

• Shared Decision Making:
– A decision is required
– The best available evidence on risks and benefits 

options is utilized, reviewed and understood
– Considers the patient’s/family’s values 

preferences 
– Provider offers guidance



Gardner and Sandberg Controversy Surrounding Elective Surgical Intervention

FIGURE 1 | Decision Support Tool Elements.

their choice may not align with the provider’s viewpoint of the
optimal action, the decision is more likely the one to which the
family is prepared to commit. Work is currently underway on the
development of DST for the parents of infants or young children
with DSD and their providers (69) (see Figure 1). The DST was
designed with input from multiple stakeholder groups, including
providers who went on to pilot its use (69, 83). Results from
the pilot project, which mirror other work in which DST were
introduced to support SDM (84–86), suggest several factors must

be in place to for it to succeed. These include motivation and
“buy-in” from patients (and parents) and providers.

Patients (and Parents)
As previously noted, parents are often unaware that any decisions
around surgery need to bemade and that they are key participants
in that decision. In this vein, providers can use the DST not
only as a means of providing information, but as a way of
engaging patients/families in the SDM process. Additionally, just

Frontiers in Pediatrics | www.frontiersin.org 5 November 2018 | Volume 6 | Article 339



Surgical Repair: 
Feminizing Genitoplasty 
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Figure 4

 

A traction suture is placed through the clitoris 
in those with CAH. The proposed incision lines 
are as shown in Fig. 4. An omega-shaped 
perineal flap is drawn. The inferior aspects 
of the labia majora are outlined. A 
circumferential incision is marked around the 
meatus, and depending on the location of 
the meatus parallel incisions are made along 
either side of the urethral plate. Along the 
proposed incisions, 0.5% lidocaine with 
1 : 200 000 adrenaline is injected s.c. to aid in 
haemostasis. In children with CAH with 
significant clitoral hypertrophy, the 
clitoroplasty is then performed, avoiding any 
risk to the neurovascular bundles or tunics.
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Figure 5

 

The corporal tissue is removed through 
ventral incisions. The surgeon must not only 
provide an excellent cosmetic outcome but 
also retain all clitoral innervation for optimal 
sexual function. This portion of the procedure 
has been well described elsewhere and will 
not be detailed here. However, importantly, 
the phallic skin is preserved, which at times 
can be beneficial for use in repairing the UGS.
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SURGICAL STEPS

Figure 2

 

With the child in the lithotomy position, 
endoscopy is used to assess the common UGS. 
The distance from the bladder neck to vagina 
(level of confluence) and the vagina to the 
perineal meatus (length of common channel) 
is measured. A Fogarty catheter is placed in 
the vagina with the balloon inflated, and a 
Foley catheter is placed in the bladder. The 
surgery can be done in this position but we 
prefer to keep the catheters sterile while 
returning the child to supine.
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Figure 7

 

The posterior wall of the vagina is opened 
over the Fogarty catheter between stay 
sutures. It is at this point that the most 
difficult decisions are made. The surgeon 
must determine whether the vagina will easily 
reach the perineum. If so, we would do a flap 
vaginoplasty. If the vagina remains far from 
the perineum, then the surgeon must 
consider proceeding with further dissection 
anteriorly through the pubourethral ligament 
i.e. a TUM, or doing a ‘pull-through 
vaginoplasty’, where the vagina is completely 
separated from the UGS, or a combination of 
these two. Regardless of the decision made, it 
is imperative to realise that the distal third of 
the vagina is usually narrowed and must be 
opened into its normal calibre to prevent 
postoperative stenosis.

 

VAGINOPLASTY FOR THE LOW OR 
MODERATE LEVEL CONFLUENCE

 

PUM as described above is nearly always 
adequate for the low or moderate confluence 
UGS. We have found that the mobilized sinus 
tissue is very helpful in achieving improved 
cosmetic and functional results, allowing us 
to use true UGS tissue in the reconstruction of 
the introitus and vagina rather than skin flaps, 
which have a propensity to stenose.
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Figure 13

 

In the patients with CAH the clitoris is 
repositioned and secured to the corporal 
bodies at their bifurcation. The redundant 
tunics with their neurovascular bundles are 
folded back into a subcutaneous pocket. 
Creating labia minora from the phallic skin 
and moving the labia majora inferiorly by Y-V 
plasties complete the labioplasty. This is 
critical to achieve more normal cosmesis, 
allowing the vagina to reside between the 
labia rather than appearing as a separate 
isolated hole.
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Figure 8

 

In the classic ‘flap vaginoplasty’, once the 
vagina has been opened widely posteriorly 
into the normal-calibre vagina, the perineal 
flap skin is sutured in place with interrupted 
absorbable sutures, to complete the flap 
vaginoplasty. In this situation the redundant 
mobilized sinus tissue is split ventrally to 
create a mucosa-lined vestibule.

a

b



The timing of any vaginoplasty is dependent on the
anatomy of the internal and external genitalia and influ-
enced by local practice [3]. The urogenital sinus and vaginal
confluence are described as being “high” or “low” accord-
ing to the location when compared to the external
sphincter, and vaginal “high insertion” is accepted as a
urethral length of 1.5e2 cm while “low take-off” vagina
cases are technically easier to address surgically [6]. The
most challenging aspect of the surgical treatment of CAH is
dealing with a high inserting vagina.

For vaginoplasty, the procedures range from a simple
flap vaginoplasty to more complex surgical interventions
such as partial or total UGSM, vaginal pull through, autol-
ogous buccal mucosa vulvovaginoplatsy [5,14,15]. The
choice of procedure depends on the anatomical configura-
tion of the vagina and length of urethra.

The timing of surgery of intersex patients and CAH are a
matter of debate and, recently, recommendations have
been made to postpone surgical interventions until the
child can decide for his/herself. Cultural reasons are well
known to influence the choice of gender role [16], and in
Turkey families request that surgery is performed at early
ages for cultural reasons as families believe it is better to
perform genital surgery before the child gains awareness of
“abnormal” appearing genitalia.

After Alberto Pena [5] first described total urogenital
sinus mobilization in patients with persistent cloaca in
1997, Rink [17] applied this procedure successfully in pa-
tients with urogenital sinus anomalies as total or partial
mobilization of sinus. Several authors have reported good
cosmetic results with few complications [8,9], although
there was no mention of CC lengths or measurements of any
structures.

It has been suggested that the critical factor in vagi-
noplasty is not the length of the CC [13]. In one study, the
authors suggest cliteroplasty and vaginoplasty in the same
session for less severe cases (CC ! 1 cm) and a two-stage
approach for patients with greater virilization or
CC " 3 cm [12]. Our study shows that the choice of surgical
technique is closely related to CC length. All patients were
approached perineally and did not have any perioperative
or postoperative complications. Partial USGM was adequate
for CCs measuring up to 2 cm, whereas for lengths of
2.5e3.5 cm total UGSM was used, and for CC lengths over
4 cm total UGSM with the CC as the anterior vaginal wall
was used.

In a series by Braga et al. [18] 24 patients with Prader
IIIeV were successfully corrected using partial UGSM.
However, in these patients the CC length was !3.0 cm,
except for one patient with a CC of 3.5 cm. We performed

Figure 2 Total urogenital sinus mobilization (a), preoperative appearance (b), degloving of the phallus (c), mobilization of the
urogenital sinus (d), opening of the common channel at 6 o’clock (e), Postoperative appearance (f).
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total UGSM on patients with a CC length 2.5e3.5 cm
because we have observed that partial UGSM results in a
hypospadiac appearance of the urethra. Therefore, when
making surgical decisions, the CC length should play an
important role in choosing the surgical technique of female
CAH patients.

While there are several classification systems for
comparing the genital anatomy of our patient group, none
is universally accepted. A common criticism of the Prader
classification is that there is no correlation between the
degree of external virilization and the level of confluence
between the vagina and urethra [19]. While we included

Prader classifications in the first analysis of our data, we
found no correlation between Prader and the surgery per-
formed; therefore, we have not included these data in our
manuscript.

Some authors suggest that genital correction surgery
should be performed after puberty when high hormone
levels could potentially decrease the rate of complications
[20,21]. Braga et al. [18] anecdotally reported that in
postpubertal patients, the operation is more difficult due to
the deepness of the pelvis, limited exposure, and increased
tissue vascularity. We have also observed these difficulties
in our patients. However, we generally found it difficult to

Figure 3 Total urogenital sinus mobilization with common channel (CC) used as the anterior vaginal wall (a), preoperative
appearance (b), degloving and separation of the neurovascular bundle and glans (c), urogenital sinus mobilization (d), dissection of
the vagina (e), opening of CC at 12 o’clock (f), formation of the posterior vaginal wall (g), formation of the anterior vaginal wall
with CC flap (h), postoperative appearance (i).
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• I-DSD Registry
• I-CAH Registry
• DSD Translational Research Network 
• CARES (Congenital Adrenal Hyperplasia)
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