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Introduction

Disorders of sexual development (DSD) are a spectrum of conditions characterized by abnormal
chromosomal, gonadal or phenotypic sex, leading to atypical development of the urogenital tract
[1]. Recently, Snipes et al. presented a case of a 46 XY DSD patient whose condition was caused by
a rare genetic mutation, identified by a workup initiated after discovering a discrepancy between the
genetic sex on the Non-Invasive Prenatal Testing (NIPT) and the phenotypic sex on the 20-week
ultrasound (US) [2]. Here, we expand upon this case to emphasize the clinical opportunities for
prenatal and early postnatal diagnosis of DSDs related to neonatology and pediatrics as part of the
multidisciplinary team that will care for these infants.

DSDs may elude prenatal diagnosis and present multifactorial postnatal health concerns. In the
past, these cases were detected after birth unless there was a history of a previously affected child.
With the routine use of NIPT in pregnancy, obstetricians have the opportunity to make antenatal
identification of DSDs. Usually, DSDs have normal karyotypes but may be heralded by a discrepancy
between the genotypic sex on NIPT and the phenotypic sex on US or postnatal physical exam,
termed phenotype-genotype discordance (PGD) [3]. Antenatal recognition of this discordance
presents an opportunity to collaborate with the neonatal team to improve the care of these complex
patients. This commentary will discuss PGD recognized prenatally, drawing attention to current
advances, speculating on future directions, and identifying clinical applications for pediatrics as part
of a multidisciplinary team.

Prenatal Indicators

Offering NIPT and a second trimester US is nearly universal in patients receiving prenatal care
in the United States. NIPT can identify fetal sex as early as 9 weeks of gestation, and an ultrasound
evaluation can identify fetal sex as early as 12 weeks of gestation with 75% accuracy and with nearly
100% accuracy at 20-weeks [4].
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Discordance between a NIPT genotype and a US phenotype is
estimated to occur at 1 in 1,500 to 2,000 [5]. Various etiologies,
including methodological and non-fetal biological causes, may be
responsible for this discordance, but if such potential causes are

excluded, then the patient should be evaluated for DSD [6,7].

Recommended Workup of Phenotype-Genotype
Discordance

Many different types of DSDs have been identified, and the
Chicago Consensus [8] has broadly organized them into three
groups based on karyotype: 46 XY, 46 XX, and mixed chromosome
DSD (which includes DSDs with an abnormal number of sex
chromosomes). An atypical number of sex chromosomes can be
detected on NIPT alone. However, when euploid sex chromosomes
(46 XY, 46 XX are present, a PDG between the NIPT and US
imaging can lead to further testing, such as DSD gene panels, to
identify potential genetic causes. At birth, the diagnostic evaluation
should consist of a hormonal assessment, serum electrolytes, a
genital exam, and imaging to assess for anatomic variations. Exams
under anesthesia, cystourethroscopy, and laparoscopic biopsy of
intra-abdominal testes may also be necessary at a later time [9,10].

In the case reported by Snipes ¢ al., the patient had a normal
NIPT, which showed a low-risk male, and a normal anatomy
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ultrasound, which showed normal female external genitalia. Further
evaluation of this discrepancy led to an amniocentesis, following
which a positive SRY gene confirmed the genotypic sex of 46 XY.
Postnatal assessment of the infant revealed female external genitalia
with mild posterior labial fusion, an open introitus, standard clitoral
size, and no palpable gonads in the inguinal canal. The consulted
pediatric endocrinologist obtained a hormone profile (neonatal
FSH was 20.09 mIU/mL, LH was 1.65 mIU/mL, testosterone was
48.96 ng/dL, estradiol was <15 pg/mL). Postnatal US identified an
ectopic kidney and failed to detect a uterus or ovaries. A 53-gene
NGS panel screening for DSDs did not show known pathogenic
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At two years of age, a laparoscopic examination revealed
atretic-appearing bilateral testes, confirmed by a biopsy showing
seminiferous tubules containing Sertoli cells but lacking germ
cells. The family opted out of a gonadectomy and decided to assign
the child a female gender. She continues her care with pediatric
endocrinology and urology, along with her general pediatrician.
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Figure 1. Phenotype-Genotype Discordance on NIPT and US.
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Prenatal Interpretation of Discordant NIPT and US
Results

Discordance between genotype on NIPT and phenotype in
the US can have many non-fetal causes, including human error
(sample mislabeling, laboratory processing error, error in ultrasound
assignment of sex) and biological (maternal transplanted organs
from the opposite sex, co-twin demise, maternal neoplasm, placental
chimeras or mosaics) [1]. A workup should begin with a thorough
history to evaluate such non-fetal causes, and submission of a
second sample for analysis may be recommended. If results exclude
other potential causes, then investigation for a DSD should begin
with genetic counseling and an offer of invasive testing such as
amniocentesis for karyotype, reflex microarray, SRY gene, and DSD
gene panel with possible exome sequencing to confirm the diagnosis
[11].

Assembling a Multidisciplinary Team

Early identification of DSD, such as in the previously described
case, can enable better patient care and outcomes. If a phenotype-
genotype discordance is found, a multidisciplinary team should be
assembled as soon as possible to provide the family with specific
information to aid decision-making. This team should include a
prenatal care team engaged in diagnostics, and if a DSD diagnosis
is confirmed, a postnatal team should be involved in support and
guidance. The prenatal team should include an obstetrician, a
geneticist, and a neonatologist. The postnatal team should consist
of the geneticist and neonatologist but should also include a
general pediatrician, a pediatric endocrinologist, a psychiatrist, and
potentially a urologist. As the need arises, nurses, social workers, and
others should be involved throughout the patients care [12]. Early
team assembly can provide timely interventions and continuity of
coordinated care.

Physical Exam and Imaging

The clinical presentation of DSD depends on the identified sex
chromosomes, SRY presence, and degree of hormone dysregulation.
Both 46 XX and 46 XY DSDs can present at birth with unambiguous
female external genitalia, ambiguous female external genitalia
(clitoromegaly), ambiguous external male genitalia (micropenis,
hypospadias), or unambiguous male genitalia. Mullerian structures,
such as the uterus, fallopian tubes, and upper vagina, may or may
not be present. Malformations may also occur in the kidneys or
ureters. Identifying any aberrations in genitourinary anatomy can
lead to a more specific diagnosis and help guide management.

46 XX DSDs are generally caused by excess androgen exposure,
either from fetal (gonadal or adrenal), maternal, or placental origins
[13]. The vast majority of 46 XX DSDs are caused by congenital
adrenal hyperplasia (CAH). As previously described, cases of 46 XY
DSDs have many different and distinct genetic etiologies. The most
common causes are impaired synthesis or action of androgens. Male
gonads are commonly present, may be found intra-abdominally, and
have an atypical composition (absent Sertoli cells, Leydig cells, and
germ cells) [9,10].

Given an increased risk of testicular cancer with abdominal
testes, prophylactic gonadectomy vs orchiopexy should be discussed,
as performing orchiopexy before puberty has been shown to decrease
the risk of developing testicular cancer after the age of 15 [14,15].

Orchiopexy has not been shown to reduce testicular cancer risk in
childhood. When deciding whether to proceed with gonadectomy,
the family should take into account decisions of sex rearing,
androgen status, composition of the testicles, and potential for
future reproduction.

If the family assigns the patient a female sex identification,
there is little benefit to preserving the testes, especially if they are
functional, as this puts the patient at risk for gonadal neoplasm
and gradual virilization that becomes more abrupt and apparent at
puberty [9]. If the family assigns the patient a male sex identification,
orchiopexy should be considered to preserve fertility and androgen
status, especially if the testes are functional. If the testes are non-
functional, the risk of gonadal neoplasm should be weighed against
the risk of the surgery.

Laboratory Evaluation

In addition to anatomic variations, patients with DSDs can
have postnatal hormonal and electrolyte imbalances that can result
in virilization, salt wasting, and significant morbidity and mortality,
especially in the case of CAH [16]. Initial laboratory workup should
consist of serum electrolytes, blood glucose, and hormonal assessment
(FSH, LH, testosterone, androstenedione, estradiol, prolactin, FSH,
FT4, sex hormone binding globulin, anti-mullerian hormone, and
hCG) [17]. If serum electrolytes or routine newborn screening
suggest a diagnosis of CAH, then further investigation determines
17-hydroxyprogesterone, DHT, deoxycorticosterone, DHEA, and
plasma renin levels. The care team should perform a 24-hour urine
steroid profile (23-urinary mineralocorticoids, glucocorticoids,
and adrenal androgens), and they must prioritize these assays since
complications from this condition can lead to significant, irreversible
effects. [13,18-20].

Psychological Evaluation and Support

Patients with DSD and their families have many unique
psychosocial challenges, including decisions regarding sex of rearing,
hormonal treatment, and fertility preservation [21]. Such a diagnosis
can be difficult for families to understand and accept. While
online resources exist for these patients and their families, such as
dsdfamilies.org [22], the first and most important resources are their
primary physicians, including the obstetrician and, eventually, the
pediatrician. After identifying the discrepancy, the physician must
communicate the diagnosis to the family with care as it can affect its
acceptance and ultimately influence their decision to continue the
pregnancy. The ACCORD alliance [23] provides clinical guidelines
for managing DSDs in childhood, including a standardized approach
for discussing the diagnosis with patients, treatment during and after
the newborn period, and team assembly and collaboration.

Patients should also be offered long-term psychological support
starting at a young age, as they may need to cope with unique
emotional considerations stemming from gender dysphoria,
stigmatization, gradual virilization, and fertility issues [24,25]. These
psychosexual issues can cause mental health concerns later in life, but
early psychological support can mitigate these concerns, as well as
appropriate hormonal or surgical intervention.

Conclusion

DSDs are a complex group of related conditions that present
potential barriers to optimal care planning that include challenging
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diagnostic workups and multifactorial physical and emotional
concerns. Historically, the diagnosis has escaped prenatal detection
until patients are found to have ambiguous genitalia, amenorrhea,
infertility, or virilization at puberty. With the routine use of NIPT in
pregnancy combined with US, phenotype-genotype discordance can
lead to prenatal identification, particularly if the evaluation excludes
a methodological or biological explanation. This early identification
can enable earlier intervention and support, ultimately leading to
improved patient and family outcomes.
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