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EDUCATIONAL OBJECTIVE

37. Appropriate evaluation of an
apparent inguinal hernia in a girl,
with recognition of the possibility
of testicular feminization syn-
drome, and with ability to direct
proper management and to offer
or refer for appropriate genetic
counseling (81/82 Topics).

‘Division of Pediatric Endocrinology, De-
partment of Pediatrics, The New York Hospi-
tal-Cornell Medical Center, New York.
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Male Pseudohermaphroditism
Donna J. Levy, MD, Lenore S. Levine, MD,* and

Maria I. New, MD�

Male pseudohermaphroditism is

the condition of incomplete male dif-
ferentiation of the external genitalia
in an individual with a V chromo-
some. The gonads of the male pseu-
dohermaphrodite, when present, are
either streak gonads or testes.

A wide range of disorders and
phenotypic presentations are en-
compassed by the term male pseu-
dohermaphroditism. The following
case describes a male pseudoher-
maphrodite who presented with am-
biguous genitalia. However, as will
be discussed in greater detail below,
the external genitalia of male pseu-
dohermaphrodites may be unambig-
uously female or may appear to be
almost completely masculinized.

CASE HISTORY

The infant, a 9 lb 3 oz product of a
full-term gestation, was born to a 23-
year-old gravida 1 , para 0 mother via
normal spontaneous vaginal delivery.
Pregnancy was uncomplicated and
there was no history of maternal inges-
tion of medication. At birth, ambiguity of
the external genitalia was noted with a
1-cm phallus, one opening on the pen-
neum, and a small palpable mass in each
of the large unf used labia. No uterus was
palpable on rectal examination. Serial
serum electrolytes remained normal. Ge-
netic evaluation revealed a chromatin-
negative buccal smear, with V fluores-
cence. Karyotype analysis of peripheral
lymphocytes revealed a 46,XY chromo-
somal complement. Radiologic studies
included an excretory urogram revealing
normal functioning kidneys with intact
pelvocalyceal systems, uretens, and
bladder, and a blind-ending vagina, with
no evidence of cervical indentation.
Base line 24-hour urinary 1 7-ketosteroid

and 1 7-hydroxycorticosteroid determi-
nations were all normal. Because the
small phallic size would have been in-
compatible with male sexual function, a
female sexual assignment was made,
and vaginoplasty, gonadectomy, and cli-
toral recession were planned for the fu-
ture. At 3 weeks of age, gonadal function
was evaluated by stimulation testing with
human chonionic gonadotropin (HCG),

1 .000 units, administered intramuscu-
any on three consecutive days. Serum

estrogens and androgens were mea-
sured pre- and postadministnation of

HCG. Estrone (E) and estradiol (E2)
were not detectable in the serum before
and after administration of HCG. How-
ever, the ratio of the serum concentra-
tion of .�4-andnostenedione to testoster-
one in both the pre-HCG and post-HCG
samples was clearly elevated. The ab-
normally elevated .�4-androstenedione/
testosterone ratio strongly suggested
the presence of 1 7-hydnoxysteroid de-
hydrogenose deficiency. At 4 weeks of
age surgery was performed, and intra-
penitoneal immature testes with epididy-
mides and vas diferentia were excised.
A Cortrosyn test, which utilizes a syn-
thetic form of adnenocorticotropic hor-
mone to evaluate adrenal function, was
performed several months after the sun-
gery. The results showed normal adrenal
function with respect to the glucocorti-
coid and mineralocorticoid responses.
There was no detectable response of
adrenal testosterone or .�4-androstene-
dione, to Controsyn stimulation. How-
ever, dehydroepiandrostenone sulfate
levels rose minimally. The response of
the adrenal androgens to cortrosyn was
judged to be entirely normal for a pne-
pubertal child.

The above case of male pseudo-
hermaphroditism thus appears to
have been due to an enzymatic de-
ficiency, of 1 7-hydroxysteroid de-
hydrogenase, which results in im-
paired testosterone biosynthesis.
This enzyme deficiency will be dis-
cussed in more detail below.

In this article, we will review nor-
mal sexual development and then
discuss the differential diagnosis
and management of male pseudo-
hermaphroditism. For the purpose of

the ensuing discussion, we have
classified the disorders resulting in
male pseudohermaphroditisim into
three groups, on the basis of patho-
physiology: disorders of testoster-
one biosynthesis, disorders of tes-
tosterone metabolism, and disorders
of androgen receptors.

NORMAL SEXUAL
DEVELOPMENT

The genetic sex of the human em-
bryo is determined at conception.

However, in the first few weeks of
gestation, the gonads of the male
and female are morphologically in-
distinguishable and are referred to
as undifferentiated gonads. ‘ � With
respect to gonadal and genital de-
velopment, the human embryo is ni-
tially bipotential. In an embryo with
a V chromosome, transformation of
the indifferent gonad into a testis
occurs in the seventh week of ges-
tation.3 A gene, or set of genes, on
the V chromosome appears to be
responsible for the differentiation of
the indifferent gonad into a testis. It
is theorized that the V chromosome
carries the genetic information nec-
essary for the production of a sub-
stance referred to as the testis-or-

ganizing plasma membrane protein,
or the H-Y antigen. The role of the
H-V antigen is limited to the induc-
tion of the male gonad.4 � In the ab-
sence of H-Y antigen, the indifferent
gonad becomes an ovary.6 The de-
velopment of the indifferent gonad
into an ovary occurs relatively
slowly, in comparison with the de-
velopment of the testis. Hence, the
ovary is not positively identifiable as
such until almost the tenth week of
gestation. 1

The hormonal secretions of the
fetal testis are responsible for the
translation of the male gonadal sex
into male phenotypic sex. Like the
early undifferentiated gonad, the in-
ternal and external genitalia of the
human fetus are initially not distin-
guishable as male and female. Two
sets of paramedian internal genital
ducts develop in both sexes: Wolf-
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Fig 1. Sexual differentiation of internal genitalia (A) and external genitalia (B). (Reproduced
with permission from Griffin and Wilson. 16)
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fian (mesonephric) ducts and M#{252}l-
lerian (paramesonephric) ducts (Fig
1, A). The external genitalia and ure-

thra of both sexes also develop from
common midline primordial struc-
tures. These structures are the gen-
ital tubercle, the paired genital or
labioscrotal swellings, the urethral
groove, and the urogenital sinu&”3
(Fig 1, A and B).

If the fetal gonad develops into a
testis, the secretion of and rogens by
the Leydig cells, and of anti-Muller-
ian hormone, presumably produced

by the Sertoli cells, results in mas-

culinization of the genitalia.89 Tes-
tosterone and its metabolite, dihy-
drotestosterone, are the two most
important fetal androgens. Testos-
terone synthesis in the human em-
bryo begins at approximately the
eighth week of fetal life and reaches
a maximum at approximately 17 to
21 weeks.1#{176} The maximum level of
testosterone production coincides
with the period of peak HCG produc-
tion and Leydig cell hyperplasia.�2
Wolffian duct differentiation, which
is critically dependent upon testos-

terone, occurs during this period.8’13

Thus, in normal males, Wolffian
ducts give rise to the epididymis, vas
deferens, seminal vesicles, and eja-
culatory ducts12’13 (Fig 1 , A). How-
ever, testosterone does not inhibit
Mullenian duct development.14
Rather, Mullerian inhibiting factor,
produced by the fetal testis, results
in regression of the Mullerian ducts.
Mullerian inhibiting factor is local in
its effect and its inhibitory influence
is restricted to the Mullerian duct in
direct contact with the fetal testis.15
Regression of the Mullerian ducts is
first noted in the 50- to 60-day em-
bryo.2

Development of the female inter-
nal genitalia does not depend on
hormonal effect and occurs normally
in the absence of Mullerian inhibiting
factor.7 The Mullerian ducts give rise
to the uterus, the Fallopian tubes,
and the upper part of the vagina (Fig
1 , A). The Wolffian ducts regress in
the absence of high levels of testos-

2

In normal males, masculinization
of the external genitalia and the ure-
thra occurs under the influence of
dihydrotestosterone. Dihydrotestos-
terone results from the intracellular
reduction of testosterone, which is
first noted at approximately 65 days
of life.2 Under the influence of dihy-
drotestosterone, the genital tubercle
gives rise to the glans penis. Fusion
of the labioscrotal swellings also oc-
curs, resulting in the formation of the
scrotal raphe and scrotum. Fusion
of the urethral grooves results in the
formation of the penile raphe and
the shaft of the penis. The urogenital
sinus, under the influence of dihy-
drotestosterone, gives rise to the
prostate and the prostatic urethra
(Fig 1, A and B). The process of
masculinization of the genitalia is
largely completed by the 14th week
of gestation. During the remainder
of gestation, descent of the testes
and further differential growth of the
male external genitalia occur.

In normal female embryos, the
urogenital sinus gives rise to the ure-
thra and the lower part of the vagina.
The genital tubercle becomes the
clitoris and the urogenital swellings
the labia majora. The rims of the
urethral grooves become the labia
minora (Fig 1, A and B). The process

of feminization of the external geni-
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talia and the urogenital sinus is com-
pletely independent of the fetal ova-
ries.2”

DISORDERS OF TESTOSTERONE
BIOSYNTHESIS

Gonadal Dysgenesis

Individuals with this form of male
pseudohermaphroditism fail to mas-

culinize completely, presumably as
a result of impaired androgen pro-
duction by the dysgenetic testes.
These individuals may have appar-
ently normal 46,XY chromosomal
complements, in which case the
term XV gonadal dysgenesis is ap-
plied. Gonadal dysgenesis can also
be found in mosaics, who have a
45,X cell line and at least one addi-

tional cell line containing V chromo-
somal material.3

In XV gonadal dysgenesis somatic
anomalies are usually absent and
the external genitalia are female.
However, in some cases the clitoris
is enlarged. Internally, a hypoplastic

uterus and Fallopian tubes may be
present. The gonads are character-
ized by streaks that are histologi-
cally similar to the gonads of patients
with only a 45,X cell line.18 However,
unlike the case in 45,X individuals,
approximately 20% to 30% of these
individuals with 46,XY gonadal dys-
genesis will develop a gonadal neo-
plasm, such as a gonadoblastoma,
gynandroblastoma, or dysgermi-
noma.3 The gonadoblastomas and
gynandroblastomas are benign, but
may be associated with dysgermi-
nomas or other malignant tumors.19
Because of the high risk of neoplas-
tic transformation, excision of the
gonads in all individuals with 46,XY
gonadal dysgenesis is recom-
mended.

The etiology of the gonadal dys-

genesis in 46,XY individuals is not
entirely clear. Studies on the blood
leukocytes and cultured skin fibro-
blasts of such patients have re-
vealed individuals who are HY anti-
gen negative (H-Y) and individuals
who are HY antigen positive (H-
\F+)18 It has been proposed that ab-
sence of HY antigen, leading to fail-
ure of testicular differentiation, may
be a result of suppression of Y-situ-
ated H-V structural genes by mu-

tated regulatory elements of the X
chromosome. An alternative expla-
nation for the absence of demonstra-
ble H-V antigen in 46,XY individuals
is that damage to, or loss of, the H-
V genes of the V chromosome may
have occurred.18’2#{176} Deletions of the
V chromosome have been docu-
mented in cases of male pseudoher-
maphroditism presenting with phe-
notypically female � 5.21 It

has recently been proposed that
damage or deletions which are not
demonstrable by our current tech-
niques of chromosomal analysis,
can occur to the testis-determining
genes (H-V genes) on the V chro-
mosome.15 In those cases of 46,XY
gonadal dysgenesis, clearly associ-
ated with the presence of H-V anti-
gen in leukocytes and skin fibro-
blasts, the lack of testicular differ-
entiation is theorized to be a result
of failure of specific binding of H-V
antigen to gonadal receptors.18

Gonadal dysgenesis occurring in
mosaics most commonly is associ-
ated with the 46,X/46XV chromo-
somal complement. This form of mo-
saicism is thought to be a result of
mitotic non-disjunction or anaphase
lag.3 The external genitalia of these
patients with gonadal dysgenesis
due to mosaicism demonstrate a
wide range of phenotypic expres-
sion as described below. The differ-

ent phenotypes do not correlate well
with the tissue distribution of the var-
ious cell lines.22

Approximately 5% of patients with
gonadal dysgenesis and unambigu-
ous female genitalia have a 45,X cell
line and a cell line containing a V
chromosome. Most of these patients
have manifestations of Ullrich-
Turner syndrome (45,X cell line
only). The genitalia, in this sub-
group, are those of a normal female.
The uterus remains unstimulated
and breasts fail to develop because
of decreased levels of sex steroids.
The gonads of these 45,X/46XV in-
dividuals are found to be streak go-
nads, and are usually histologically
indistinguishable from the streak go-
nads of those with Ullrich-Turner
syndrome. However, occasionally
mesonephric remnants and the
presence of dysgenetic germ cells
and Leydig cells are noted on ex-
amination of the internal genitalia.

Gonadal neoplasms similar to those
found in 46,XV gonadal dysgenesis
and usually arising during the first
two decades of life, occur in 1 5#{176}/oto
20% of 45,X/46XV individuals. Be-
cause these neoplasms may be as-
sociated with malignant tumors, re-
moval of the streak gonad is also
recommended in all 45,X/46XV in-
dividuals.21 In view of the risk of
neoplasia, in those forms of gonadal

dysplasia associated with the pres-
ence of a V chromosome, a chro-
mosomal analysis should be per-
formed in all patients with gonadal
dysgenesis. A buccal smear indicat-
ing the absence of Barr bodies, or
the finding of an increased total dig-
ital ridge count, is suggestive of a
45,X cell line, but does not rule out
mosaicism with a cell line containing
a V chromosome.

Some individuals with gonadal
dysgenesis due to 45,X/46XV mo-
saicism have ambiguous genitalia.
Most of these individuals have a
streak gonad and a dysgenetic
testes and are said to have mixed
gonadal dysgenesis. However, other
individuals, with apparently identical
chromosomal complements have bi-
lateral dysgenetic testes. Mullenian
derivatives are present in all of these
cases. The uterus, however, is usu-
ally rudimentary and the Fallopian
tube may fail to develop on the side
on which a testis is present, as a
consequence of local diffusion of
Mullerian inhibiting factor from the
embryonic testis.3

45,X/46XV mosaicism is occa-
sionally documented in individuals
with predominantly male external
genitalia, ranging from various de-
grees of hypospadias to normal male
external genitalia. Testes are pres-
ent, although absent spermatogen-
esis has been documented in sev-

eral cases.3’22 Mullerian derivatives
are also present. However, there
have been a few reports of individ-
uals with 45,X/46XV mosaicism and
with hypospadias, who had bilateral
testes, and no evidence of uterus or
Fallopian tubes.2 23 These individ-
uals represent exceptions to the pre-
viously noted generalization that
Mullerian derivatives are usually
present in 45,X/46XV mosaicism.

Individuals with 45,X/47XVV and
45,X/46XV/47XVV chromosomal
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Fig 2. Enzymatic defects in testosterone biosynthesis: DOC, deoxycorticosterone,’ B. corticosterone; 1 80H-B, 18-hydroxycorticosterone; S.

deoxycortisol; F. cortisol, DHEA, dehydroepiandrosterone; 3f1-HSD. 3/1-hydroxysteroid dehydrogenase: 21-OH, 2 1-hydroxylase; 11 fl-OH,
1 1/1-hydroxylase: 18-OH, 18-hydroxylase; 1 7fi-HSD, 1 7/1-hydroxysteroid dehydrogenase.

constitutions are rarer than 45,X/
46XV patients, but their chromo-
somal complement is usually asso-
ciated with the same phenotypic
spectrum �24

Deficient Testosterone Synthesis
Due to Enzyme Defects

Male pseudohermaphroditism
may be the result of decreased se-
cretion of testosterone due to enzy-
matic deficiencies of steroidogene-
sis. Deficiencies have been de-
scribed for each of the five enzymes
necessary for the biosynthesis of
testosterone, namely: cholesterol

desmolase, 3/3-hydroxysteroid de-
hydrogenase (3f3-HSD), 1 7ct-hy-
droxylase (1 7-OHase), 17,20-des-
molase, and 1 7$-hydroxysteroid de-
hydrogenase (1 7/?-HSD). The first
three enzyme deficiences are forms
of congenital adrenal hyperplasia
and result in inadequate cortisol and
testosterone production25 (Fig 2).

The inheritance of 1 7-hydroxylase
and 3/3-hydroxylase deficiencies is
autosomal recessive. In the other
three defects, 1 7,20-desmolase,
1 7fl-HSD, and cholesterol desmo-
lase deficiency, the form of inherit-

ance has not been established due
to rarity of cases. It is assumed that
they also are transmitted by an au-
tosomal recessive gene, although an
X-Iinked form of inheritance has

been postulated in 1 7,20-desmolase
deficiency.26 Heterozygous subjects
are phenotypically normal. In all five
of these disorders of testosterone
synthesis, secrection of Mullerian in-
hibiting factor by the fetal testis is
normal and inhibition of the Muller-
ian ducts is complete. Thus, the
uterus and Fallopian tubes are ab-
sent. Each of the enzyme deficien-
cies shows considerable phenotypic
heterogeneity. This is probably a re-

flection of differing degrees of im-
pairment of enzyme activity.25

1. Congenital Lipoid Adrenal
Hyperplasia. A male pseudoherma-
phrodite with severe salt wasting
and impairment of synthesis of all
three classes of adrenal steroids,
mineralocorticoids, glucocorticoids,
and sex steroids, was first described
by Prader and Gurtner in 1955.27

Urinary 1 7-ketosteroid (1 7KS) and
1 7-hydroxycorticosteroid (1 7-
OHCS) excretion was low and did
not rise in response to adrenocorti-
cotropin hormone (ACTH). The pa-

tient was a genetic male with female
external genitalia. At autopsy, male
genital ducts and enlarged adrenals
were noted. The adrenals were char-
acterized by cortical cells filled with
lipoid material consisting of choles-
terol and cholesterol esters. Be-
cause of the adrenal findings, the
patient’s disorder was termed con-
genital lipoid adrenal hyperplasia.
Most of the patients subsequently
described with this disorder have
died in adrenal crisis in early in-
fancy, due to inadequate glucocor-
ticoid and mineralocorticoid produc-
tion.2528 However, a few patients
have survived early childhood.28’29
Today, with early diagnosis and
rapid institution of treatment, the
prognosis for survival and continued
growth and development of these
infants is good.

The biosynthetic defect in con-
genital lipoid adrenal hyperplasia in-
volves the side chain cleavage con-
verting cholesterol to pregnenolone.
At least three enzymes are involved
in the conversion: 20a-hydroxylase,
22t-hydroxylase, and 20a,22a-des-
molase.15’25 In 1971, Degenhart et
al3#{176}reported a patient with biochem-
ical evidence for deficiency of the
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enzyme cholesterol 20a-hydroxy-
lase. Theoretically, a deficiency of
any of the three enzymes of the cho-
lesterol desmolase group, resulting
in an impairment in production of all
three classes of steroids, should re-
suit in the same phenotypic appear-
ance and adrenal pathology. The se-
vere ambiguity of the external geni-
talia in the male with congenital Ii-
poid adrenal hyperplasia suggests
that the enzymatic defect is present
in the testes, as well as the adrenal.
Female infants with this disorder
have normal genital development.

2. 3/3-HSD Deficiency. This dis-
order, as in cholesterol desmolase
deficiency, results in decreased syn-
thesis of all three classes of adrenal
steroids with impaired secretion of
aldosterone, cortisol, and testoster-
one.3’ Males are incompletely viril-
ized and those with more severe en-
zyme deficiency are seen in early
infancy in adrenal crisis. Females
with 3/9-HSD deficiency may have
normal female external genitalia or
minimal clitoral enlargement, due to
elevated levels of dehydroepian-
drosterone (DHEA) which is a weak
androgen. DHEA is not a sufficiently
strong androgen to masculinize
completely the external genitalia in
the male.

The 3$-HSD enzyme level in the
testes, adrenal, and liver may be
under different control with resultant
varying degrees of enzymatic defi-
ciency in different organs.25 In some
cases, the testes have been less se-
verely affected than the adrenal with

resultant onset of virilization during
puberty.32 33 Breast development
during puberty may occur with this
form of male pseudohermaphrodit-
ism. It has been suggested that in-
adequate testosterone production
during fetal life fails to suppress the
breast anlage, and hence, at puberty
gynecomastia occurs.3234 Long-
term survival, without hormonal
treatment, is possible in cases in
which the enzyme deficiency is less
severe.32’35

3. 1 7-OHase Deficiency. A defi-
ciency of 1 7-OHase will result in a
decrease in cortisol production and
androgen production. Genetic males
are born with ambiguous genitalia,
while females with this defect have
hypogonadism which appears at pu-

berty.25 36 Prominent breast devel-
opment may be the only secondary
sex characteristic occurring in males
at puberty. Patients with 1 7-OHase
deficiency have increased ACTH se-
cretion as a result of impaired corti-
sol production. The increased ACTH
leads to an increase in the produc-
tion of corticosterone, a weak glu-
cocorticoid, and deoxycorticoster-
one (DOG), a mineralocorticoid.37
Hypertension, accompanied by hy-
pokalemic alkalosis is frequently
present in this syndrome and results
from the increased DOG production.
The increased DOC results in so-
dium retention and plasma volume
expansion. Plasma renin activity is
suppressed and aldosterone pro-
duction is decreased. Urinary 1 7KS
levels are low. Treatment with glu-
cocorticoids suppresses the ele-
vated levels of DOG, which results in
correction of the elevated blood
pressure and hypokalemic alka-
losis.37

4. 1 7,20-Desmolase Deficiency.
In 1 972, Zachman et al26 first re-
ported 1 7,20-desmolase deficiency
in three related patients, two first
cousins and a maternal “aunt.”
These individuals were all genetic
males with ambiguous genitalia.
Testes were found to be located in-
tra-abdominally or in the inguinal
canal, but spermatogenesis was ab-
sent. Biochemical testing showed
elevated urinary pregnenetriolone,
one of the metabolites of 1 7-OH
pregnenolone, in the base line state.
HCG and ACTH stimulation resulted

in further elevation of the preg-
nenetriolone. In contrast, testoster-
one and DHEA production did not
increase appreciably following these
stimulation tests, consistent with the

postulated site of enzymatic defi-
ciency.26 A 46,XV phenotypic fe-
male, unrelated to the three cases
reported by Zachmann et al, has
also been documented to have
1 7,20-desmolase deficiency. In con-
trast to the previously described
cases of Zachmann et al, in this in-
dividual gynecomastia developed at
puberty. 38

5. 1 7fl-HSD Deficiency. Another
cause of male pseudohermaphrodit-
ism that results in decreased testos-
terone production is 1 7-hydroxyste-
roid dehydrogenase (1 7f3-HSD) de-

ficiency.25’39’4#{176} In this disorder there
is an impaired conversion of �4-an-
drostenedione to testosterone in the
testes. The conversion of estrone to
estradiol is also impaired, but usu-
ally to a lesser degree. The �4-an-
drostenedione / testosterone ratio
measured in the peripheral blood
and in the testicular venous effluent
is elevated. Serum testosterone val-
ues are usually low, although some
patients have low normal levels. The
1 7$-HSD defect appears to be only
expressed in the gonads and, there-
fore, cannot be diagnosed after cas-
tration.

Most genetic males with 1 7fl-HSD
deficiency are extremely underviril-
ized and at birth a female sex as-
signment is made. The diagnosis is
usually made at puberty, when signs
of virilization become evident. The
genetic males with this disorder
have ‘ ‘clitoral’ ‘ hypertrophy. Testes

are usually found in the inguinal
canal or in the labioscrotal folds.
Spermatogenesis is absent and the
Leydig cells are hyperplastic. The
vaginal pouch is blind ending and
Mullenian duct structures are ab-
sent. However, Wolffian duct differ-
entiation is present.25 During pu-
berty, gynecomastia may develop in
the face of progressive vinilization.
The gynecomastia is thought to be
due to the increased gonadal M-
androstenedione and estrone secre-
tion during puberty. These hor-
mones are peripherally converted to
testosterone and estradiol.39 Due to
the virilization that may occur at pu-
berty, those patients who have been
reared as females require castration
in the prepubertal period and estro-
gen replacement at adolescence for
breast development.

DISORDERS OF TESTOSTERONE

METABOLISM

5a-Reductase Deficiency

Thus far, 5a-reductase deficiency
is the only disorder of testosterone
metabolism that has been clearly es-
tablished to be a cause of male
pseudohermaphroditism. 5#{252}-Reduc-
tase deficiency, characterized by
impaired conversion of testosterone
(T) to dehydrotestosterone (DHT),
has been described by several in-
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Fig 3. Illustration for hypothesis for role of testosterone and dihydrotestosterone in sexual

differentiation in utero. Dark stippled area, testosterone-dependent: light-stippled area, dihy-
drotestosterone-dependent. (Reproduced with permission from lmperato-McGinley and Peter-
son.
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l 5.4 1 Individuals with this
disorder have impairment of 5�-re-

duction of glucocorticoids, as well
as androgens, but only the deficient
5�-reduction of testosterone ap-
pears to be of physiologic impor-
tance. The disorder is transmitted by
an autosomal recessive gene. Af-
fected female infants with this dis-
order are normal. As a result of the
impaired production of DHT, the af-
fected male is seen neonatally, with
a small clitoris-like phallus. The ure-
thral opening is at the base of the
phallus and a urogenital sinus is
present. In a few cases, separate
urethral and vaginal openings are
present. The vaginal pouch is blind
ending. The testes are located intra-
abdominally, in the inguinal canals
or in the labioscrotal folds. Wolffian
structures are present and well de-
veloped, but Mullerian structures are
absent (Fig 3). During puberty,
males with this disorder vinilize. The
phallus enlarges and lengthens. The
testes enlarge and descend into the
labioscrotal folds. A male muscular
body habitus develops along with
voice deepening and the occurrence
of erections. The ejaculates may
contain a normal number of sperm.41
These developmental changes oc-
curring at puberty appear to be me-
diated by testosterone and do not
require its conversion to DHT.15’25
Beard growth, temporal recession of
the hair line, acne, and prostate en-
largement do not occur, as these

events are DHT dependent. Further,
in this form of male pseudohermaph-

roditism, gynecomastia does not de-
velop, as secretion of testosterone
in utero suppresses breast anla-
gen.15

The diagnosis of 5�-reductase de-
ficiency can only be established by

hormonal testing. As testosterone is
normally transiently elevated in
young infants, from 1 0 to 60 days of
life, an elevated T/DHT ratio (in the
unstimulated state) may be diagnos-
tic in this age group.42 In older in-
fants and prepubertal males, testos-
terone is normally low, and measure-
ment of the T/DHT ratio after admin-
istration of HOG is required for
diagnosis of 5o-reductase defi-
ciency.25’42 In noncastrated pubertal
or adult patients, the unstimulated
T/DHT ratio will be diagnostic.

Examination of the 5a-reductase
deficiency in skin fibroblasts has
also been used as a means of diag-
nosis. Several investigators have re-
ported decreased 5ct-reductase ac-
tivity in skin fibroblasts derived from
genital skin, as well as nongenital
skin 41,43,44 Others have reported
that 5t-reductase deficiency is de-
monstrable only in fibroblasts from
genital skin.45

There is one report of patients with
male pseudohermaphroditism who
have evidence of normal circulating
testosterone and dihydrotestoster-
one, but who have evidence of 5a-
reductase deficiency when in vitro
studies are performed on samples of
genital skin.46 This finding is in con-
trast to the serum hormonal findings
reported in the large kindred studies

of Imperato-McGinley and col-
leagues15’43 and Saenger et al.44 It is
possible that different forms of the
deficiency of 5it-reductase may ex-
st.25 Evidence for enzyme hetero-

geneity in this disorder has been
documented. There have been pa-
tients in whom the 5a-reductase en-
zyme has normal stability, but de-
creased affinity for the substrate,
testosterone. In contrast, there are
other patients who possess a 5a-re-
ductase enzyme that is character-
ized by essentially normal affinity for
its steroid substrate, but is grossly
unstable.47

In addition to serum hormone de-
terminations and skin fibroblast
studies, examination of the ratio of
5��/5$ urinary testosterone and glu-

cocorticoid metabolites can be help-
ful in the diagnosis of 5ct-reductase
deficiency. Additional diagnostic
studies include the infusion of radio-
active-labeled testosterone to deter-
mine the in vivo capacity to convert

I to DHT.15’25
Binding of 3H-DHT to cytosol re-

ceptors of skin fibroblasts is normal
in patients with 5a-reductase defi-
ciency. Hence, this syndrome is a
result of a defect in testosterone me-
tabolism and not in androgen bind-
ing. Of interest is the clinical obser-
vation that DHT-propionate treat-
ment in these patients causes en-
largement of the prostate, beard
growth, and acne, thus further sup-
porting the contention that the de-
fect in this disorder is not one of
impaired androgen binding.25

Currently, it is recommended that
when this disorder is diagnosed in

infancy, gender assignment should
be based on the infant’s phenotype.
If a female sex assignment is made,
castration is indicated and should be
performed before puberty, to avoid
vinilization.

DISORDERS OF ANDROGEN
RECEPTORS

Testicular Feminization
Syndrome-Complete and
Incomplete Forms

Testicular feminization is thought
to be the most common form of male
pseudohermaphroditism and is a re-
sult of abnormal androgen recep-
tors.48 Testicular feminization ranks
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third, after gonadal dysgenesis and
congenital absence of the vagina, as
a cause of primary amenorrhea. It
accounts for 1 0% of patients with

primary amenorrhea.49
In complete testicular feminization

a phenotypic female usually comes
to medical attention for evaluation of
primary amenorrhea in the postpu-
bertal period, or for evaluation of an
inguinal hernia in the prepubertal pe-
nod. Breast development and the
general habitus and distribution of
body fat are female in character.
Axillary and pubic hair are scanty or
absent. The external genitalia are
unambiguously female. The clitoris
is normal and the vagina is short and
blind ending. Internal genitalia are
absent except for testes which may
be located intra-abdominally, in the
inguinal canal, or in the labia majora.
Occasionally remnants of the Mul-
lerian or Wolffian ducts are pres-
ent.16 In prepubertal children, histo-
logic study of the testes documents
findings similar to those seen in un-
descended testes in normal males.
Adults have small seminiferous tu-
bules that consist mostly of Sertoli

cells, few spermatogenia, absent
spermatoza, and hyperplastic Ley-
dig cells.3 The chromosomal consti-
tution is 46,XV, and there is fre-
quently a history of similarly affected
family members. The gene for the
disorder is X-linked.16 Approxi-
mately one third of these patients
have negative family histories and
are presumed to represent new mu-
tations.

Approximately 10% of patients
with testicular feminization have the
incomplete form of this disorder. In
the incomplete form, ambiguity of
the external genitalia is present at
birth and virilization and feminization
may occur at puberty. These pa-

tients may have partial fusion of the
labioscrotal folds and a variable de-
gree of clitoromegaly. The vagina is
short and blind ending. In contrast
to the complete form of testicular
feminization, some Wolffian duct de-
rivatives are usually present. In most
cases of incomplete testicular fem-
inization the family history is unre-
markable. There have been no re-
ported families in which the com-
plete and incomplete forms have oc-
curred together.16

Serum testosterone levels in pa-
tients with both the complete and
incomplete form of testicular femini-
zation are normal or slightly elevated

compared with normal male
values.’3 Further, the formation of
DHT is unimpaired in this syndrome.
It has been suggested that the in-
creased rate of testosterone produc-
tion is secondary to the higher mean
serum level of LH (luteinizing hor-
mone) found in these individuals.
The elevated level of LH is thought
to be due to defective feedback reg-
ulation caused by resistance to the
action of androgens at the hypotha-
lamic-pituitary level. The enhanced
LH secretion also results in in-
creased estrogen production by the
testes. Both the peripheral conver-
sion of the elevated testosterone to
estrogen and the enhanced testicu-
Ian secretion of estrogen result in
unopposed elevated serum estrogen
levels, and account for the femini-
zation that occurs in puberty.3’16

Abnormalities of the androgen re-
ceptors are the cause of androgen
resistance in testicular feminization.

Recent evidence has suggested that
at least two different molecular ab-
normalities of the androgen recep-
tors can cause this syndrome: an
unstable receptor or a lack of bind-
ing. Unstable receptors are associ-
ated with both the complete and in-
complete form of testicular femini-
zation. However, a lack of binding
has only been found in patients with
the complete form.16

A serious complication in testicu-
lar feminization is the development
of a testicular neoplasm. It has been
estimated that before age 25 years,
the rate of neoplasia is 3.6%.�#{176} The
risk increases to 20% to 30% by the

age 40 to 50 years.3’13 Therefore, it
is recommended that castration be
performed in all patients with testic-
ular feminization. However, the rec-
ommended time of the operation is
different for patients with the com-
plete or incomplete forms. The pa-
tient with the complete form will fem-
inize normally during puberty and as
the risk of neoplasma is low at this
age, castration is recommended
after puberty is completed. Patients
with the incomplete form virilize at
puberty. Hence, gonadectomy is
recommended before puberty. All

castrated patients with testicular
feminization require estrogen treat-
ment during puberty and in the post-

pubertal period. In a few patients,
vaginal development is inadequate

to allow for normal sexual function.
In such cases, either operative or
nonoperative techniques may be
used to increase the depth of the
vagina. Psychosocial studies have
demonstrated normal female gender
identity and behavior in these pa-
tients. � 6

OTHER UNCLASSIFIED FORMS
OF MALE
PSEUDOHERMAPHRODITISM

By definition, any genetic male
with evidence of incomplete viriliza-
tion of the genitalia has a form
of male pseudohermaphroditism.
Hence, such abnormalities as hypo-
spadias and micropenis can be con-
sidered forms of male pseudoher-
maphroditism. Hypospadias occurs
as an isolated finding in approxi-
mately 8.2 cases per 1 ,000 live male
births.51 The exact etiology of most
cases of hypospadias is uncertain.
The ingestion of progestational

agents during pregnancy has been
suggested as a possible cause of
hypospadias.52 In the majority of
cases, in which there is no history of
exposure to teratogens during preg-
nancy, the recurrence risk of hypo-
spadias, after the birth of one af-
fected child, is 7#{176}/oto 1 � �

Hypospadias may occur in com-
plex syndromes, such as in the au-
tosomal recessive Smith-Lemli-Opitz
syndrome (microcephaly, ptosis,
mental retardation, and hypo-
spadias). Additional penile anoma-
lies, such as epispadias or absence
of the penis may also occur as iso-
lated anomalies or in syndromes.3
Micropenis, in the presence of
otherwise normal male external gen-
italia, may be due to a variety of
endocrine causes.13 Because of the
risk of hypoglycemia in panhypopi-

tuitarism, one cause of micropenis,
this condition must be considered in
any male neonate who has isolated
micropenis.

There are many additional causes
of male pseudohermaphroditism
such as agonadism, Leydig cell age-
nesis, and the syndrome of persist-
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TABLE. Results of Evaluation of Male Pseudohermaphrodites Studied at
NVH-CMC from 1969-1977 (46 Patients)

Ambiguous External Genitalia (39 Patients)
Normal Female External

Genitalia (7 Patients)

Complete testicular
feminization (7)

Unclassifiable (8)
Mixed gonadal dysgenesis (6)
Cholesterol desmolase deficiency (1)
1 7-Hydroxysteroid dehydrogenase deficiency (1)
5a-Reductase deficiency (2)
Androgen receptor defectt (3)
Multiple congenital anomalies associated with nor-

mal 46,XY chromosomal complement (4)
Klinefelter (47,XXV) associated with normal testos-

terone response to HCGt (1)
Sex chromosome abnormalities associated with low

testosterone response to HCGt (3):
46 ‘ ‘ X’ ‘ V with abnormal ‘ ‘X’ ‘-bilateral cryptor-

chidism with Leydig cell agenesis;
49XXXXV-Klinefelter variant with unilateral cryp-

torchidism;
46,XV/47, XV + ring chromosome-multiple con-

genital anomalies
Low testosterone response to HCG� without clearly

demonstrable enzymatic deficiency; normal
46,XY chromosomal complement (9):

Bilateral or unilateral cryptorchidism (7)
Bilaterally descended testes (2)

Hypopituitanism (1)

#{149}Normal 46,XV chromosomal complement, normal adrenal and testicular
steroidogenesis, and positive nitrogen retention in response to testosterone
treatment.
f Normal endogenous androgen production with lack of nitrogen retention in
response to exogenous testosterone.
� HCG: 5,000 units given intramuscularly for three days.
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ent Mullerian ducts. The interested
reader is referred to the detailed and
excellent reviews of male pseudo-
hermaphroditism cited in our refer-

ence list.2’1’5’1
The relative frequencies of many

of the different forms of male pseu-
dohermaphroditism have been re-
ported previously.54 Our institution’s
experience with the evaluation of pa-
tients with male pseudohermaphro-
ditism over an eight-year period
(1 969-1977) is summarized in the
Table. Of note is that eight of the 46
patients we evaluated had normal
46,XV chromosomal complements
and no demonstrable defects in tes-
ticular or adrenal steroidogenesis,
or in androgen receptor function.
Further, these eight patients were
without evidence of hypothalamic or
pituitary dysfunction and their so-
matic anomalies were limited to the
incompletely vinilized genitalia.
Hence, these patients currently re-

main in the unclassified category un-
til more sophisticated means of eval-
uation become available.

MANAGEMENT OF PATIENT
WITH MALE
PSEUDOHERMAPHRODITISM

The management of the patient
who has under-virilized or ambigu-
ous genitalia, is in part, dependent
upon the age of presentation. A new-
born with ambiguous genitalia rep-
resents a medical emergency and
requires immediate attention and in-
vestigation. It is recommended that

such a neonate be referred to a ma-
jor medical center, where resources
necessary for performing sophisti-
cated diagnostic studies and medi-
cal personnel with expertise in deal-
ing with the problem of genital am-
biguity, are available.

When examining a newborn with
ambiguous genitalia, it is usually not

possible to distinguish between male
and female pseudohermaphroditism
on the basis of the appearance of
the external genitalia (Fig 4). How-
ever, gonads that have descended
to labial, scrotal, or inquinal regions

are almost always testes. An evalu-
ation of the internal organs will ad-
ditionally be helpful to delineate the
diagnosis. A rectal examination
should be performed in an attempt
to palpate a uterine cervix. It should
be noted that the presence of Mul-
lenian derivatives in an infant with
ambiguous genitalia excludes most

forms of male pseudohermaphrodit-
ism, except for the cytogenetic
forms resulting in gonadal dysgene-
sis. Hence, the presence of a cervix
indicates that the infant probably has
a form of female pseudohermaph-
roditism , true hermaphroditism , or
gonadal dysgenesis. A careful
search for the presence of other so-
matic anomalies is of great impor-
tance in the examination of the ne-
onate. The presence of somatic
anomalies associated with Ullrich-
Turner syndrome, occurring in con-
junction with genital ambiguity,
strongly suggest 45,X/46XV mosai-
cism.

In the newborn period the physi-
cian must bear in mind that the pa-
tient may,be at risk for the develop-
ment of an adrenal crisis until the
diagnosis of one of the forms of ad-
renal hyperplasia, associated with
the impairment of glucocorticoid and
mineralocorticoid production and
ambiguous genitalia, is ruled out.
Hence, the most common form of
congenital adrenal hyperplasia, 21-
hydroxylase deficiency, either of the
salt-losing or simple virilizing form,
should be considered in an infant
with ambiguous genitalia. Deficiency
of 21 -hydroxylase (21 -OHase) is as-
sociated with female pseudoher-
maphroditism, whereas male new-
borns with this disorder usually ap-
pear normal at birth. Deficiency of
11 /3-hydroxylase (11 /3-OHase),
which is much less common than 21-
OHase deficiency, is also associated
with female pseudohermaphrodit-
ism. As in 21-OHase deficiency,
male neonates with 11 /3-OHase de-
ficiency have normal genitalia. Salt
wasting is classically not a feature of
1 1/3-OHase deficiency, but rather
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Fig 4. Marked similarity of genitalia of two infants pictured emphasizes fact that it is usually

not possible to distinguish between a male and female pseudohermaphrodite on basis of

external genitalia alone. Neonate on left has unclassifiable form of male pseudohermaphrodit-
ism (normal 46,XY chromosoma! complement, normal adrenal and testicular steroidogenesis,

and positive nitrogen retention in response to exogenous testosterone treatment) and very

undervirilized genitalia, Infant on right is female pseudohermaphrodite whose condition was
diagnosed as a salt-wasting form of congenital adrenal hyperplasia due to 21 -hydroxylase
deficiency.
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hypertension may be present and is

attributed to elevation of deoxycor-
ticosterone resulting from accumu-
lation of precursors proximal to the
enzymatic block. Deficiency of 3$-
HSD as discussed above, is another
form of congenital adrenal hyperpla-
sia which may present with viriliza-
tion of the female neonate and un-
der-virilization of the male neonate.
Depending on the degree of enzy-
matic impairment, frank salt wasting
and hypocortisolemia may occur in
the newborn period. Other less corn-
mon forms of congenital adrenal hy-
perplasia, congenital lipoid adrenal
hyperplasia and 1 7-OHase defi-
ciency, should also be considered in
the differential diagnosis of a neo-
nate with genital ambiguity, as these
disorders are also associated with
adrenal insufficiency. Serial serum
and urinary electrolytes should be
followed in all neonates with genital
ambiguity in the event that a salt-
wasting form of congenital adrenal
hyperplasia exists. Careful attention
to the general medical status of the
neonate is imperative. Appropriate
hormonal tests, obtained to assess
adrenal as well as gonadal function
will be useful for diagnosing congen-
ital adrenal hyperplasia and detect-
ing other causes of impaired testos-
terone biosynthesis, should they ex-
ist. These tests include base line
serum and urine androgens, miner-
alocorticoids and glucocorticoids,
as well as serum 1 7-hydroxyproges-
terone levels. Determination of un-
nary 1 7KS, 1 7OHCS, pregnanetniol
and aldosterone levels should also
be performed. (Measurement of
serum 1 7-hydroxyprogesterone is
recommended as this hormone is el-
evated in 21 -OHase deficiency). An
ACTH or Cortrosyn stimulation test
may also be performed to assess
adrenal function further. An HCG
stimulation test to assess gonadal
function more carefully is necessary
in most cases of male pseudoher-
maphroditism to define the etiology
of the genital ambiguity.

While closely observing the neo-
nate with ambiguous genitalia and
pursuing hormonal studies, the issue
of gender assignment must be ad-
dressed. This issue is of critical na-
ture, and sensitivity to the concerns
of the patient’s relatives is impera-

tive. It is prudent to delay gender
assignment until sufficient data are
available to allow for the determina-
tion of the optimal sex assignment.
The results of the buccal smear can
be obtained within 24 hours, but a
chromosome study should be initi-
ated at the same time in all patients
with ambiguous genitalia. The re-
suIts of many of the critical diagnos-
tic hormonal tests, discussed above,
can be available within a week. Ra-
diologic studies, including genitour-
ograms and ultrasonography, can
be used in some cases, to define the
internal genitalia in the neonatal pe-
riod. Once the critical data required
for making an accurate diagnosis
are available, a panel of experts
should determine the sex of rearing.
Consideration as to whether puberty
will conform to the sex of assignment
and of the patient’s potential for nor-
mal sexual functioning and fertility is
critical in the determination of gen-
der assignment. If reconstructive
surgery of the external genitalia is
necessary, it should be initiated
sometime before the age of 21/2

years.53 Additional reconstructive
surgery (ie, vaginoplasty) may be re-

quired in later years. Gonadectomy
prior to adolescence may be mdi-
cated to avoid pubertal vinilization in
certain cases of male pseudoher-
maphroditism in which a female gen-
der assignment has been made (eg,
incomplete testicular feminization).
In those forms of male pseudoher-
maphroditism associated with an in-
creased risk of testicular neoplasm,
gonadectomy is also indicated (ie,
both forms of testicular feminization
and all forms of gonadal dysgenesis
associated with the presence of V
chromosomal material).

The above recommendations for
evaluation of the newborn with am-
biguous genitalia are shown in Fig 5.
For patients with ambiguous geni-
talia who are beyond early infancy
and adolescents with pubertal fail-
ure, prompt medical attention and
evaluation, in a manner similar to
that outlined for the neonate, are
also required. A severe form of ad-
renal insufficiency, however, is es-
sentially ruled out by later presen-
tation, although milder forms must
still be considered and investigation
of adrenal function, along with go-
nadal function, is warranted.
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Complete physical examination including a careful search to detect:

-palpable gonads in inguinal, scrotal, or labial regions

-a cervix
-other somatic anomalies

Buccal smear and karyotype

Base line hormonal studies

Serial serum electrolytes and close attention to fluid balance

I
Additional studies that may be helpful:

-ACTH or cortrosyn test
-HCG stimulation test
-radiographic studies (genitourogram, pelvic sonography)

Assignment of sex of rearing
(when sufficient data are available for optimal assignment)

Fig 5 Evaluation of neonate with ambiguous genitalia.
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It is apparent that male pseudo-
hermaphroditism may be due to a

variety of etiologies, only some of
which are well understood. The di-
agnosis and management of male
pseudohermaphroditism, and the
need to characterize more thor-

oughly the nature of the develop-
mental abnormalities, present a con-
tinued challenge to the medical com-
munity.
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Bladder Paralysis with Myelomeningocele

Current Approaches to Evaluation and Management of Children with
Myelomeningocele. Action Committee on Myelodysplasia, Section on Urology.
Pediatrics 63:663, 1979.
Clean Intermittent Catheterization in Children. Plunkett JM, et al. J Urol 1 21:

469, 1979.

The urologic management of children born with myelodysplasia has three goals:
(1 ) the preservation of renal function; (2) the control of urinary infection; and (3) the

development of appropriate urinary continence for age.
The introduction of clean intermittent catheterization (CIC) in 1 972 by Lapides

has proven to be a superior method of bladder drainage. CIC can be started in the
neonatal period. Children with normal intelligence are able to catheterize themselves
from the age of 6 to 7 years. Continence can be achieved in most children on CIC
by the use of pharmacologic drugs. Adjunctive surgery can also be used to increase

bladder outflow resistance and bladder capacity which will improve continence.
Plunkett and Braren reported their results of CIC in 34 children. Only one child
showed radiotogic evidence of upper tract deterioration while using CIC. Their major
complications included acute pyelonephritis (two patients), urethral stenosis (one

patient), and bladder neck spasm (one patient).

Another modality of bladder emptying, suprapubic expression, is indicated only
when the bladder can be easily emptied, when post-cred#{233} residual is negligible, and
in the absence of vesicoureteral reflux. In order to assure that this procedure is

safe, cystography should be performed and post-expression residual urine volumes
should be measured. The procedure is definitely dangerous in the presence of
vesicoureteral reflux when high intravesical pressures are transmitted directly to the
kidney during bladder expression. (C. Uy)
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