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Purpose: Patients with ovotesticular disorder of sex development (DSD) and mixed
gonadal dysgenesis (MGD) usually present with asymmetric gonads and have wide
phenotypic variations in internal and external genitalia. The differential diagnosis
of these conditions is based on karyotype and pathological findings of the gonads.
This study investigated the clinical features at presentation, karyotype, sex of
rearing, and pubertal outcomes of patients with ovotesticular DSD and MGD.
Methods: The study comprised 23 patients with DSD who presented with
asymmetric gonads. The presenting features, karyotype, sex of rearing, and pubertal
outcomes were reviewed retrospectively.

Results: All 23 patients presented with ambiguous genitalia at a median age of 1
month (range, 1 day-1.6 years). Millerian duct remnants were identified in 15 of
23 patients (65.2%). Fourteen patients were diagnosed with ovotesticular DSD,
whereas the other 9 were diagnosed with MGD. Eight of 14 patients (57.1%) with
ovotesticular DSD were raised as males, while 7 of 9 patients with MGD (77.8%)
were assigned as males. One male-assigned patient with ovotesticular DSD
changed to female sex at age 20 years.

Conclusion: Patients with ovotesticular DSD and MGD manifest overlapping
clinical presentations and hormonal profiles. It is difficult to determine the sex of
rearing and predict long-term pubertal outcomes. Therefore, long-term follow-
up is required to monitor spontaneous puberty, sex outcome, and urological and
gynecological complications.

Keywords: Ambiguous genitalia, Disorder of sex development, Gonadal dysgenesis,
Ovotestis

Introduction

Disorders of sex development (DSD) can be classified into 46,XY DSD; 46,XX DSD; and
sex chromosome DSD."” However, some conditions, such as ovotesticular DSD and gonadal
dysgenesis, do not clearly fit into a specific diagnostic category or may belong to more than 1
category.

Patients who present with asymmetric gonads may be diagnosed with ovotesticular DSD or
mixed gonadal dysgenesis (MGD). Ovotesticular DSD is defined as presence of both ovarian
and testicular tissues in the same individual and may be classified as 46,XX DSD or 46,XY
DSD, whereas MGD refers to individuals presenting with a differentiated testis on one side
and a dysgenetic "streak” gonad on the other.™” MGD, which is classified as a sex chromosome
DSD, is the most complex type of DSD. It is associated with numerous sex chromosome
abnormalities leading to abnormal gonadal development.”

Variable clinical features frequently lead to confusion in diagnosis of ovotesticular DSD
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and MGD. Hormonal profiles, karyotypes, and an internal
genital duct are not helpful in differential diagnosis.” Therefore,
differential diagnosis of these conditions is problematic and
is mainly based on pathological findings of the gonads.” The
differential diagnosis of ovotesticular DSD and MGD has
important clinical implications for sex assignment, decisions
regarding early gonadectomy in patients with MGD to prevent
development of malignant germ cell tumors, and predictions of
long-term outcomes.

Several retrospective studies have reported the clinical charac-
teristics, sex of rearing, and long-term outcomes for a small
number of children with ovotesticular DSD and MGD.*”"" The
present study investigated the clinical features, karyotypes, sex
of rearing, and pubertal outcomes of patients with ovotesticular
DSD and MGD.

Materials and methods

1. Subjects

This study comprised 23 patients with DSD who presented
with asymmetric gonads at the Department of Pediatrics at
Asan Medical Center Children's Hospital in Seoul, Korea. The
presenting features, endocrinological findings, karyotypes,
presence of Miillerian duct remnants, pathological findings of
the gonads, sex of rearing, and pubertal outcomes were reviewed
retrospectively.

Patients with sex chromosome DSD whose diagnoses were
not confirmed pathologically were excluded from this study. Sex
assignment was based on integrative assessments of the external
genitalia, presence of a uterus, functioning testicular tissues,
hormonal profiles, and karyotypes and was performed using
a multidisciplinary approach with informed consent from the
parents of each patient.

2. Methods

External genitalia were rated using the external masculiniza-
tion score (EMS)."”” A micropenis was defined as a stretched
penile length less than 2.5 cm in a full-term neonate.” Internal
genital organs were assessed by ultrasonography or magnetic
resonance imaging.

A human chorionic gonadotropin (hCG) stimulation test was
performed in 10 patients to evaluate Leydig cell function. Serum
testosterone level was measured at baseline and on the fourth
day after consecutive intramuscular hCG injections at a dose
of 1,000 units/day for 3 days. The testosterone response to hCG
was regarded as positive if the level increased to at least twice
baseline or above the upper limit of the prepubertal testosterone
level."

Chromosomal analysis was performed in all subjects by
examining metaphase G bands prepared from peripheral blood
lymphocytes using conventional techniques.” Histopatho-
logical diagnosis of the gonads to differentiate ovotesticular
DSD from MGD was based on resected or biopsied tissues.
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Results

1. Cytogenetic analysis and pathological diagnosis

Gonadectomy or biopsy was performed at a median age of
2.9 years (range, 1 month-15.1 years). Subsequently, 14 patients
were diagnosed with ovotesticular DSD, and 9 were diagnosed
with MGD. The positions and histology of the gonads are
summarized in Tables 1 and 2.

In the 14 patients with ovotesticular DSD, the most common
karyotype was 46,XX (10 of 14,71.4%), followed by 45,X/46,XY
(3 of 14, 21.4%) and 46,XX/46,XY(1 of 14, 7.1%). A gonadal
combination of testis and ovary was the most common finding
(10 of 14, 71.4%), followed by bilateral ovotestes (2 of 14, 14.3%),
ovary and ovotestis (1 of 14,7.1%), and testis and ovotestis (1 of
14,7.1%).

In the 9 patients diagnosed with MGD, the most common
karyotype was 45,X/46,XY (6/9, 66.7%). Other mosaicisms
were identified in the other 3 patients (33.3%): 45,X/46,X,del(Y)
(q11.23), 45,X/46,X,add(Y)(p.11.3), and 45,X/47. XY, +del(Y)
(q12).

2. Clinical characteristics at presentation

All 23 patients presented with ambiguous genitalia, such as
a micropenis, cryptorchidism, hypospadias, or clitoromegaly,
at a median age of 1 month (range, 1 day-1.6 years). Eleven of
14 patients with ovotesticular DSD (78.6%) and all 9 patients
with MGD (100%) presented with asymmetric gonads. The
appearance of the genitalia included prominent labia majora
or absent scrotal rugae (13 of 23, 56.5%), hypospadias (15 of
23, 65.2%), clitoromegaly (8 of 23, 34.8%), cryptorchidism
(5 of 23, 21.7%), and micropenis (4 of 23, 17.4%). The EMSs
ranged between 2.5 and 11.5. None of the patients exhibited the
stigmata of Turner syndrome. Miillerian duct remnants were
identified in 10 of 14 patients with ovotesticular DSD (71.4%)
and in 5 of 9 patients with MGD (55.6%).

Level of 17a-hydroxyprogesterone was measured in 16
subjects and was normal in all, excluding the possibility of
congenital adrenal hyperplasia. The hCG stimulation test
was performed in 8 subjects with ovotesticular DSD and in 2
subjects with MGD during the prepubertal period (range, 4-11
months). Seven of the 8 subjects (87.5%) with ovotesticular
DSD and both subjects (100%) with MGD showed a positive
response.

3. Gender of rearing and clinical course

Eight of the 14 patients (57.1%) with ovotesticular DSD were
assigned as male, and 7 of these patients (50%) had preserved
testis. The remaining 6 patients (42.9%) were raised as female,
and the ovaries were preserved in 3 of these 6 patients (50%).
Among the 8 male-assigned patients, unilateral gonadectomy
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was performed in 7 at a median age of 1.5 years (range, 4
months-15.1 years). In these 7 patients, the ovotestis or ovary
was removed, whereas the testis was preserved to induce
spontaneous puberty. Subject 3, a male-assigned patient
with bilateral ovotestes in the scrotum, underwent bilateral
gonadectomy at age 15.1 years due to spontaneous rupture
of the left gonad. Of 6 female-assigned patients, 3 underwent
bilateral or unilateral gonadectomy at a median age of 12
months (range, 1 month-9.2 years). Eight patients with
ovotesticular DSD (5 males and 3 females) reached pubertal
age during the study period, which was defined as =12 years
for males and >10 years for females. Of these 8 patients, 6 with
ovotesticular DSD (4 males and 2 females) showed spontaneous
puberty (Table 3). The hCG stimulation test was performed in
3 of 4 male-assigned patients with spontaneous puberty, and all
3 patients were responsive. One female- and 3 male-assigned
patients underwent unilateral gonadectomy at a median age of
2.4 years (range, 9 months-14 years). Subject 7, who underwent
clitoroplasty at another hospital, was referred to our institute at
the age of 9.1 years with clitoromegaly. The patients Tanner stage
was breast II and pubic hair IT with serum luteinizing hormone
and follicle-stimulating hormone levels of 6.0 and 5.0 mIU/
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mlL, respectively (Table 3). As the patient was reared as a female,
bilateral gonadectomy was performed at 9.2 years of age. Three
patients (subjects 3, 6, and 13) were treated with sex hormone
replacement therapy. One male-assigned patient (subject 3)
underwent bilateral gonadectomy due to spontaneous rupture
of gonads at age 15.1 years; the patient was subsequently treated
with testosterone enanthate. One female-assigned patient
(subject 13) who underwent bilateral gonadectomy at the age
of 1.3 years showed hypergonadotropic hypogonadism. This
patient was treated with estrogen/progesterone replacement
therapy starting at the age of 11.4 years. One male-assigned
patient with ovotesticular DSD (subject 6) had sex identity
problems and sex dysphoria at age 20 years. The patient changed
his sex to female and subsequently underwent treatment with
estrogen replacement therapy (Table 3, Fig. 1).

Seven of the 9 patients with MGD (77.8%) were raised as
males, whereas the remaining 2 patients were raised as females.
Six of the male-assigned patients underwent a unilateral
gonadectomy. The 2 female-assigned patients underwent
a bilateral (n=1) or unilateral (n=1) gonadectomy to avoid
virilization. Two patients with MGD reached pubertal age.
Of these, puberty occurred spontaneously in one phenotypic

Table 1. Clinical and cytogenetic features of patients with ovotesticular disorder of sex development

Mo~ presenstion rearng__ amobpe  Gonad,ightft posiion rghvreft M\ TR s TGO CERTe o

1 Tmo F 46,XX Ovary/ovotestis  Abdomen/inguinal Yes 5 ND

2 1 mo F 46,XX Testis/ovary Inguinal/abdomen No 75 Yes

3 1.6 yr M 46,XX Ovotestis/ovotestis ~ Scrotum/scrotum No 9 ND

4 2 day M 46, XX Testis/ovary Scrotum/scrotum Yes 10 Yes

5 1 mo M 46,XX Ovary/testis Abdomen/scrotum Yes 8 ND

6 1 mo M 46,XX Ovary/testis Abdomen/scrotum Yes 9 ND

7 1 mo F 46,XX Ovotestis/ovotestis  Inguinal/inguinal No 3 ND

8 2 mo M 46, XX Ovary/testis Abdomen/inguinal Yes 7.5 Yes

9 T mo F 46,XX Testis/ovary Scrotum/abdomen Yes 75 Yes

10 9mo F 46, XX Testis/ovary Labium/abdomen Yes 25 No

11 1 day M 45,X[22]/46,XY[8] Testis/ovary Scrotum/inguinal No 8 Yes

12 1 mo M 45,X[111/46,XY[19] Testis/ovary Scrotum/abdomen Yes 9 Yes

13 12 mo F 45,X[51/46,XY[20] Testis/ovotestis Inguinal/scrotum Yes 35 ND

14 1 mo M 46,XX[39]/46,XY[11] Testis/ovary Scrotum/abdomen Yes 8 Yes

EMS, external masculinization score; hCG, human chorionic gonadotropin; ND, not done.

Table 2. Clinical and cytogenetic features of patients with mixed gonadal dysgenesis
: o Testosterone

SKleect A at SEX.Of Karyotype Gonad, right/left Position, right/left illatm e EMS  response to hCG
0.  presentation rearing remnants . .

stimulation

15 1 month F 45,X[18]/46,XY[32] Testis/dysgenetic gonad Scrotum/abdomen Yes 25 ND

16 1 month M 45,X[24]/46,XY[16] Dysgenetic gonad/testis  Inguinal/scrotum No 85 ND

17 1 month M 45,X[18]/46,XY[12] Dysgenetic gonad/testis  Inguinal/scrotum No 6.5 Yes

18 1 month F 45,X[251/46,XY[15] Dysgenetic gonad/testis Abdomen/inguinal Yes 3 ND

19 1 month M 45,X[36]/46,XY[4] Dysgenetic gonad/testis Abdomen/inguinal Yes 75 Yes

20 1 month M 45,X[15]/46,XY([85] Dysgenetic gonad/testis Abdomen/scrotum No 8 ND

21 1 month M 46,X,del(Y)(q11.23)[21]/45X[9] Testis/dysgenetic gonad Scrotum/abdomen Yes 105 ND

22 2 months M 45X[93]/46,X,add(Y)(p.11.3)[7] Testis/dysgenetic gonad Scrotum/abdomen Yes 8 ND

23 4 months M 47 XYA+del(Y)(q12)[431/45X[7] Dysgenetic gonad/testis  Inguinal/scrotum No 11.5 ND

EMS, external masculinization score; hCG, human chorionic gonadotropin; ND, not done.
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Table 3. Endocrine characteristics of patients who reached pubertal age

apem

Age at

Basal hormone levels at pubertal onset

Age at sex hormone

Subject Current Sexof MPH Height Weight

No.  age(yn rearing SDS  SDS  SDS pubertal H

FSH Estradiol Testosterone Gonadectomy replacement

onset(yr) (mlU/mL) (mIU/mL) (pg/mL)  (ng/mL) therapy (yr)
3 16.1 M NA  -005 -073 No 28.1 421 218 20 Bilateral 15.1
4 140 M 045 -028 -095 12.7 104 110 ND 43 Left ND'
6 229 M NA 069 0.16 No 220 258 40 0.92 Right 229
7 11.1 F 011 091 055 9.1 6.0 50 249 ND Bilateral ND'
10 12.7 F 098 064 106 12.1 32 7.0 40 0.24 Right ND'
11 186 M 026 -257 026 128 35 6.5 125 26 Left ND'
12 16.6 M -091 -162 -114 110 23 120 ND 0.19 Left ND'
13 130 F NA  -115 174 No 77 488 7.7 ND Bilateral 114
15 212 F NA 209 -253 No 6.9 60.5 123 0.04 Right 115
19 136 M 054 -210 096 138 16 7.1 ND 12 Right ND'

MPH, midparental height; SDS, standard deviation score; LH, luteinizing hormone; FSH, follicle-stimulating hormone; NA, not available;

ND, not done.

‘Changed sex to female at age 20 years. "Patients who showed spontaneous puberty.

23 Total

14 Ovotesticular DSD

l 9 Mixed gonadal dysgensis l

l 8 Male assigned l l 6 Female assigned l l 7 Male assigned l l 2 Female assigned l

l

4 Spontaneous
puberty

2 Spontaneous
puberty

1 Spontaneous
puberty

1 Changed to female

Fig. 1. Sex of rearing and pubertal outcomes of patients with ovotesticular
disorder of sex development (DSD) and mixed gonadal dysgenesis.

male at the age of 11.8 years (subject 19) with MGD, and sex
hormone replacement was not necessary during the follow-up
period (Table 3, Fig. 1). The remaining one female with MGD
(subject 15) who underwent a right gonadectomy at the age of
1.2 years showed hypergonadotropic hypogonadism caused by
a contralateral dysgenetic gonad and was treated with estrogen
replacement therapy starting at 11.5 years of age.

Discussion

This study demonstrated that patients with ovotesticular
DSD and MGD present a wide clinical and cytogenetic spect-
rum encompassing phenotypic females, with or without
virilization, and phenotypic males, presenting with a micro-
penis, hypospadias, or cryptorchidism. It is difficult to
differentiate ovotesticular DSD from MGD based on clinical
features, hormonal profiles, and cytogenetic analysis. The nature
of the internal and external genitalia does not form the basis
for a differential diagnosis between ovotesticular DSD and
MGD. In our study, remnants of the Miillerian duct structure,
a rudimentary uterus, and fallopian tubes were identified in 10
of 14 (71.4%) ovotesticular DSD patients and in 5 of 9 (55.6%)
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MGD patients. Therefore, histological findings of gonads are
critical for differential diagnosis of ovotesticular DSD and
MGD.”

Various types of chromosomal abnormalities have been
described in patients with ovotesticular DSD or MGD. The
most frequent karyotype of ovotesticular DSD is 46,XX,
followed by 46,XX/XY; 46,XY; and 45,X/46,XY."" Patients
with MGD also have heterogeneous karyotypes characterized
by 45,X/46,XY; 45,X/47,XXY; or rarely 46,XY.""” However,
karyotype alone cannot differentiate ovotesticular DSD
from MGD in every case. The 45,X/46,XY karyotype can
be identified both in ovotesticular DSD patients and MGD
patients. In the present study, 3 patients with ovotesticular DSD
and 6 patients with MGD harbored the 45,X/46,XY karyotype.
The 45,X/46,XY mosaicism is an important component
of sex chromosome DSD, which is characterized by a wide

henotypic spectrum,”***" resulting in challenging diagnosis.”
phenotypic sp ; g ging diag
In addition, the 46,XY karyotype is found in both ovotesticular
DSD and MGD patients,"*"*** which emphasizes the need
for histological analysis for confirmatory diagnosis rather than
peripheral blood karyotypes.

Clinically, the presence of functional testicular tissue can be
determined with the hCG stimulation test in adults. There are
limited published data on hCG stimulation tests in patients
with ovotesticular DSD."'” Serum testosterone level before
and after stimulation has been reported to be variable and
dependent on patient age and pubertal stage."” In our study, 6
of 9 patients (66.7%) who were responsive to hCG stimulation
were raised as males. The other 3 patients were raised as
females upon consideration of external and internal genitalia
or parent predilection. These patients should be followed up for
evaluation of gender identity.

Puberty has been reported to occur spontaneously in patients
with MGD or ovotesticular DSD.*"” However, in male-assigned
patients with ovotesticular DSD, testicular tissues become
dysgenetic over time, and germ cells begin to disappear with
advanced age, while ovaries remain functional,”"” requiring
testosterone injections in later life.'” In female-assigned patients
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with ovotesticular DSD, menstruation is expected in 50% of
cases with well-developed ovarian tissue.”” Thus, patients
who show spontaneous puberty should be followed up for
progression of puberty.

There are many issues to be considered when assessing
gender: gonadal function, phenotype, internal genitalia,
potential of fertility and sexuality, risk of gonadal malignancy,
and prenatal brain virilization.”**' In patients with ovotesticular
DSD, the frequency of male-assigned patients in South Africa
and China was 62.5% and 93.8%, respectively."*” In contrast,
the frequency of male-assigned patients with MGD in Turkey
and the USA was 25% and 55%, respectively. " Sex assignment
was based on integrative assessments of Prader grade, nature
and function of gonads, presence of Mullerian ducts, karyotypes,
and psychological characteristics.**” All subjects were assigned
male or female sex after counseling by a multidisciplinary
team including a pediatric endocrinologist, pediatric urologist,
gynecologist, medical geneticist, clinical psychiatrist, and social
worker."”

Gender identity can be predicted by several factors, such as
presence of a Y chromosome, degree and duration of pre- and
postnatal androgen exposure, and phenotypic presentation of
external genitalia. However, there are few reports on long-term
outcomes in patients with ovotesticular DSD and MGD,*” and
the frequency of gender dysphoria in ovotesticular DSD and
MGD remains unknown. Therefore, sex assignment should be
continued after completion of the diagnostic process in the light
of clinical, endocrinological, genetic, and psychiatric aspects
with full informed consent from the parents to recognize and
manage sex dysphoria at a young age and to help prevent or
reduce psychological complications at the onset of puberty.*'**”
In the present study, only 1 patient (subject 6) with ovotesticular
DSD showed sex dysphoria and reassigned as a female. This
patient underwent a unilateral gonadectomy at the age of
2.9 years and was lost to follow up until the age of 20 years.
Previously, 3 female-assigned patients with ovotesticular DSD
reassigned as males,” and a patient with MGD who was raised
as a female after an early gonadectomy reassigned as male
during adolescence."”

Sex identity, pubertal progression, and potential gonadal
tumor occurrence need to be monitored in patients with
ovotesticular DSD and MGD. The risk of malignancy in
patients with ovotesticular DSD is low (2.6%-4.6%), especially
in the absence of a Y chromosome.'®’ In contrast, MGD patients
harboring Y chromosome material are thought to have a
significant risk of malignancy, ranging from 25% to 30%.*"
* Therefore, bilateral gonadectomy should be performed in
female-assigned patients with MGD before the patient reaches
puberty, not only to prevent development of malignant tumors,
but also to avoid virilization. Although gonadal tumors were not
detected during follow-up in our study, long-term follow-up is
needed to screen gonadal malignancies, especially in patients
with dysgenic gonads, such as subject 15.

There are a few limitations in this study. As this was a retro-
spective study, there are issues with data integrity, such as
missing data, and the follow-up period varied among the
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patients. The hCG stimulation test was performed only in a
small number of patients, and the age at testing differed among
patients because the patients were collected over a long duration.
In addition, histological findings were analyzed by retrospective
chart review and not reviewed by an expert.

In conclusion, this study demonstrated that ovotesticular
DSD and MGD manifest a wide spectrum of clinical features
and karyotypes. Long-term follow-up of such patients into
adulthood will provide important information on comorbidities
such as risk of gonadal tumors, urological complications, and
neuropsychological outcomes.
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