
Abstract 
Disorders of sex development (DSD) are defined as 
discrepancy between chromosomal, gonadal and 
anatomic sex. The basic principles for the management of 
DSD include a multidisciplinary approach for gender 
assignment. Clinical assessment includes a detailed 
history and examination of external genitalia. Most of the 
disorders with symmetrical gonades indicate hormonal 
cause while asymmetrical gonades are found in 
chromosomal DSDs. Karyotyping will indicate a 46XX 
DSD, 46 XY DSD or mosicism. Internal anatomy is defined 
by ultrasonography, genitoscopy and laparoscopy. 
Human chorionic gonadotrophins (hCG) stimulation test 
is carried out in under-virilised males to see the function 
of Leydig cells in testes. The Most common cause of 46XX 
DSD is congenital adrenal hyperplasia (CAH). The decision 
of gender assignment surgery is to be taken in a 
multidisciplinary environment and with informed consent 
of the parents. Most of 46 XX CAH patients, even if 
markedly virilised, and 46 XY complete androgen 
insensitivity syndrome are raised as females. Similarly, 
most of 5-α reductase deficiency and 17-β hydroxysteroid 
dehydrogenase deficiency patients are assigned to the 
male gender. The decision in cases of mixed gondal 
dysgenesis and ovotesticular DSD is based on the 
development of external and internal genitalia. Patients 
with androgen biosynthetic defects, partial androgen 
insensitivity syndrome are usually assigned to the male 
gender. 

Keywords: Disorders of sex development, Karyotyping, 
Genitoscopy, Laparoscopy, 5-α reductase, 17-β 
hydroxysteroid dehydrogenase. 

Introduction 
"To be human is to be physically sexed and culturally 
gendered," wrote Elizabeth Reis in 'Bodies in Doubt'. The 
birth of a baby is one of the most celebrated occasions in 
a family. The first question that the parents are usually 
asked is, "is it a boy or a girl?" Uncertainty about the sex of 

baby is a painful situation for the parents and a medical 
emergency for the doctors. The birth of such a baby is 
considered a social stigma in our society and parents 
usually hesitate to disclose it to the family members or 
consult a doctor. Moreover, these disorders may be 
associated with multiple congenital anomalies.1 The 
parental level of depression is proportional to the severity 
of ambiguity of genitalia.2 Literature and guidelines on 
the subject suggest a number of sophisticated 
investigations like molecular genetics3 and hormonal 
precursors assays. Similarly, new genes are being 
discovered responsible for development of gonades.4 
Most of these investigations are not even available in our 
tertiary care centres and we only have to rely on 
examination and karyotyping. Therefore, we have 
developed simple algorithms which are helpful in 
diagnosing most of these disorders. 

Disorders of sex development (DSD) are defined as 
congenital conditions in which there is discrepancy 
between chromosomal, gonadal and anatomical sex.5 The 
prevalence of genital anomalies is usually one in 300 
births6 but the birth prevalence of true genital ambiguity 
may be as low as one in 5000 births.7 In 2006, the Lawson 
Wilkins Pediatric Endocrine Society (LWPES) and the 
European Society for Paediatric Endocrinology (ESPE) 
published a consensus statement on management of 
intersex disorders and proposed the term 'DSD' instead of 
terms like 'intersex', 'pseudohermaphroditism (PH)', 
'hermaphroditism', 'sex reversal' etc.8 (Table). 

The basic principles for the management of DSD are9: 
Expert evaluation is necessary before gender assignment 
in newborns; Evaluation and management shall be done 
by a multidisciplinary team10 usually in a tertiary care 
centre; All newborns shall have either male or female sex 
assignment; There shall be open communication 
between parents, patient and the team; Concerns of the 
family shall be addressed in confidence. 

The current methods employed for the diagnosis of DSDs 
include clinical assessment by history and physical 
examination, laboratory investigations like hormone 
levels and karyotyping and imaging.11 In complex 
disorders diagnostic laparoscopy is also helpful to 
establish a therapeutic strategy.12 
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Clinical Assessment: In isolated cryptorchidism, a 
chromosomal anomaly may be present in 
approximately 3% cases, in hypospadias 7% and in a 
combination of cryptorchidism and hypospadias, in 
13% cases.13 In infants with proximal hypospadias 
(penoscrotal, scrotal, perineal), detailed studies 
performed revealed a likely cause in 31% of cases.14 
Infants with suspected DSD who require further clinical 
evaluation should include those with isolated perineal 
hypospadias, isolated micropenis, isolated 
clitoromegaly, any form of familial hypospadias and 
those who have a combination of genital anomalies 
with an external masculinisation  score (EMS) of<11.15 

History: The history of drug use during pregnancy can 
cause virilisation of the female foetus. Similarly, maternal 
virilisation may be due to maternal androgen secreting 
tumour or aromatase deficiency. Family 
history of consanguinity or sudden 
deaths or other cases of DSD may 
indicate an autosomal recessive 
disorder. 

Examination: Examination of the 
external genitalia shall include gonads, 
if palpable and symmetrical or not. 
Symmetry usually indicates hormonal 
cause while asymmetry is present in 
chromosomal DSD. The length of the 
phallus should be determined. The 
normal-term newborn penis length is 
about 3cm (stretched length from 
pubic tubercle to tip of penis) with 
micropenis less than 2 - 2.5cm, 
although it varies slightly depending 
on the ethnic origin. These external 
features can then bescored to provide 
the aggregate EMS score (Figure-1). 

Routine systematic examination of 423 consecutive, 
apparently healthy, term newborn boys revealed that 412 
(98%) had the maximum EMS of 12;10 had an EMS of 11: 
and only 1 of 423 had an EMS of <11. EMS <11 needs 
further evaluation.16 

Similarly, for an apparent female the degree of virilisation 
shall be classified according to Prader's stages (Figure-
2).17 Hyperpigmentation of the genital skin and nipples 
may occur due to excessive adrenocorticotropic hormone 
(ACTH) in congenital adrenal hyperplasia (CAH). 

Investigations: A baby with symmetrical gonads is most 
likely an under-virilised male and similarly absence of 
gonads and presence of uterus indicate a virilised female. 
In virilised female patients it is very important to check 
the serum 17-hydroxy progesterone (17-OHP) level and 
serum electrolytes. However, serum 17-OHP and serum 
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Table: Disorders of Sex Development (DSD). 
 
Sex chromosome DSD                                                                    46 XY DSD (Under-virilised male)                                                                                        46 XX DSD (Virilised female) 
                                                                            Disorders of                         Disorders of testicular                               Disorders of                            Disorders of ovarian             Disorders of 
                                                                    Androgen synthesis                          development                                   Androgen Action                              development               androgen excess 
 
u45 X Turner and variants                         uSynthesis defect                         uComplete gonadal Dysgenisis       uAndrogen insensitivity Syndrome        uOvotesticul-ar DSD          CAH              Non CAH 
u47 XXY Klinefelter and variants            uLH receptor defect                     uPartial gonadal dysgenisis             u Partial                                                              uTesticular DSD                                           
u45 X/ 46 XY MGD                                        u5 α reductase deficiency        uGonadal regression                           uComplete                                                        uGonadal Dysgenisis                                 
uChromosomal ovotesticular DSD         uDisorders of AMH                       uOvotesticular DSD                                                                                                                                                                                          
                                                                             uEndocrine disruptors                                                                                                                                                                                                                                                  
                                                                             uCloacalexstrophy                                                                                                                                                                                                                                                         

 

CAH: Congenital adrenal hyperplasia. 
LH: Luteinizing hormone. 
AMH: Anti-mullerian hormone.

L/S: Labioscrotal. Ing: Inguinal. Abd: Abdominal 
 
Figure-1: External masculinisation Score (EMS).



electrolytes are not reliable before 36 hours and fourth 
day of life respectively, in salt losing CAH.9 

Karyotyping: Barr bodies can be checked in XX 
chromosome cells as a rapid and screening test, but it is 
not reliable. Karyotyping gives the detailed information 
about the chromosomes but in most of the centres it 
takes more than 4 weeks. Polymerase chain reaction (PCR) 
for sex determining region on Y-chromosome (SRY) can 
be carried out in one working day. 

Internal Anatomy: Ultrasonography is done for the 
presence of uterus, impalpable gonads in the inguinal 
canal, renal anomalies and adrenals. Examination under 
anaesthesia and genitoscopy shall be carried out to see 
the length of common channel in cases of CAH. 
Laparoscopy18 can be done for intra-abdominal gonads, 
biopsy and to rule out persistent mullerian duct 
syndrome (PMDS). 

Human Chorionic Gonadotrophins (hCG) Stimulation 
Test: In an XY under-virilised male, if both the gonads are 
symmetrical (either palpable or impalpable), the most 
likely cause is hormonal but if the gonads are 
asymmetrical the most likely cause is chromosomal 
(dygenisis). It is very important to check for functioning 
Leydig cells. The hCG stimulation test shall be performed 
when the serum testosterone levels are high usually from 
4 weeks to three months of age.19 Basal testosterone 
levels are checked and then 1000-1500 IU (<1 year old, 
500 units; 1-10 years, 1000 units; >10 years, 1500 units)14 
of hCG are given intramuscularly (IM) daily for three days 
and the rise in testosterone level checked 24 hours after 

the last injection. At times when there is no response then 
1500 IU are given 2 days a week for the next two weeks. A 
twofold rise above the basal level is considered normal.9 If 
the response is normal it means that there is 5-α 
reductase deficiency or partial androgen insensitivity. 
Total androgen insensitivity patients present with female 
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Figure-2: Prader's stages of virilisation.

hCG: Human chorionic gonadotrophins 
DHEA: Dehydroepiandrosterone 

LH:Luteinizing hormone 
T:DHT:Tesostosterone to dihydrotestosterone 

 
Figure-3: hCG Stimulation Test.



phenotype and amenorrhoea at puberty. In such cases if 
the ratio of testosterone to dihydrotestosterone (T: DHT) 
is >30,20 it is suggestive of 5-α reductase deficiency. When 
the response is not normal it means that there is 
dysgenisis of gonads, vanishing testis syndrome, 
leydigcell hypoplasia or abnormality in the testosterone 
synthesis especially 17β hydroxysteroid dehydrogenase 
deficiency. In such cases, serum luteinizing hormone (LH), 
dehydroepiandrosterone (DHEA) levels shall be checked. 
Low DHEA and high LH levels signify gonadal dysgenisis 

or leydig cell hypoplasia while raised DHEA levels are 
suggestive of 17β hydroxysteroid dehydrogenase 
deficiency (Figure-3). 

Anti-mullerian hormone (AMH) level tests the function of 
sertoli cells and can also be used instead of hCG test. AMH 
may be undetectable in bilateral anorchia and may 
eliminate the need for surgical exploration of the testes.21 

Histopathology: At times biopsy of the genital skin for 
mosaicism and 5α-reductase activity and gonadal biopsy 
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Figure-4: Algorithm for 46 XY DSD with ambiguous genitalia.



may be required in cases of mixed gonadal dygenisis or 
ovotesticular DSD. 

Aetiology 
46XX DSD 
The most common cause is CAH due to 21-hydroxylase 
deficiency (95%).22 Gonads are symmetrical ovaries and 
uterus is present. Serum 17-OHP levels are raised. The 
fertility potential is considered to be highest in this group 
of DSDs.23 Other causes could be 11-hydroxylase 
deficiency, placental aromatase deficiency, exogenous 
steroids and maternal ovarian or adrenal tumours. 

When the gonads are asymmetrical the most likely cause 
is ovotesticular DSD (true hermaphrodite), butin about 
20% of the cases karyotype may be 46XX/46XY.18 
Ovotestes with bipolar distribution of testicular and 
ovarian tissue is the most common type of gonad found 
in these children.24 Rarely both the gonads may be testes 
(XX testicular DSD) (Figure-4). 

46XY DSD 
A 46 XY DSD with low basal testosterone level, low 
testosterone precursors and poor response on hCG 
stimulation testis is suggestive of gonadal dysgenesis or 
lipoid CAH. If the gonadotrophins (LH level) are increased, 
it may suggest leydigcell hypoplasia. Similarly, if the 
testosterone precursors are high with low basal and hCG 
stimulation testosterone levels, it indicates a defect in the 
biosynthetic pathway. A normal hCG test either suggests 
5-α-reductase deficiency or androgen insensitivity 
syndrome. In the former T:DHT ratio is increased. 

Gender Assignment 
The decision of gender assignment and surgery is to be 
taken in a multidisciplinary environment and with 
informed consent of the parents. Some studies25 have 
suggested assignment of sex based on the phenotype of 
the external genitalia. Most of 46 XX CAH patients, even if 
markedly virilised, and 46 XY complete androgen 
insensitivity syndrome are raised as females.26,27 Surgery 
include clitorplasty, labioplasty and vaginoplasty28 but 
almost 90% will only require vaginoplasty.29 Patients of 5-
α reductase deficiency30 and 17-β hydroxysteroid 
dehydrogenase deficiency31 are assigned to the male 
gender. The decision in cases of mixed gondaldysgenesis 
and ovotesticular DSD is based on the development of 
external and internal genitalia. Bilateral gonadectomy is 
recommended in children having mixed gonadal 
dysgenisis with intra-abdominal testes due to the high 
risk of development of gonadobastoma.32 Patients with 
androgen biosynthetic defects, partial androgen 
insensitivity syndrome are usually assigned to the male 

gender.33 The optimum timing for feminising 
genitoplasty is not determined.34-35 On the other hand, it 
may be recommended to repair the ambiguousgenitalia 
in males at 6 to 18 months of age.36 

Conclusion 
The management of DSD cases shall include a 
multidisciplinary approach. In most of the cases a 
diagnosis can be reached by detailed history and 
examination and will not require sophisticated tests. 
Symmetrical gonades indicate hormonal cause while 
asymmetrical gonades are indication of chromosomal 
DSDs. Karyotyping may indicate a 46XX DSD, 46XY DSD or 
mosicism. Ultrasonography, genitoscopy and 
laparoscopy may be done to define the internal anatomy. 
The hCG stimulation test is carried out in under-virilised 
males to see the function of leydigcells in testes. The 
decision of gender assignment surgery is to be taken in a 
multidisciplinary environment and with informed consent 
of the parents. 
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