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PRIMARY ovarian failure results from disappearance of follicles from
the ovary. The diagnosis can be established by demonstrating elevated

gonadotropin levels. Among patients who undergo ovarian biopsy, about 50%
have no follicles. In the other 50%, follicles are identified, but they are
usually arrested before the antral phase of follicle development and resist
gonadotropin stimulation. In a few patients, normal functional follicles are
present in the ovaries despite the finding of elevated gonadotropin levels.
We shall review the etiology of primary ovarian failure in the context of ex-
perience with 89 cases.

NORMAL OVARIAN DEVELOPMENT

Differentiation of the embryonic gonad into testes or ovaries depends on
the sex chromosomes. Presence of a Y chromosome will cause development
of testes. The determinants of ovarian development exist on both of the long
and short arms of the X chromosome.
An undifferentiated gonad appears in the human embryo as a thickening

on the urogenital ridge at about four weeks of gestation, and consists of an
outer layer of celomic epithelium covering the inner medullary cord. Germ
cells arise in the endodermic wall of the primitive gut and migrate along the
mesentery to the genital ridge. Celomic epithelium eventually forms the ovar-
ian cortex, source of the granulosa cells, and the mesenchyme forms the
medulla of the ovary, the source of the interstitial and theca cells.
Germ cells can be identified by their strong alkaline-phosphatase activ-

ity. At five months of gestation, as a result of successive mitotic divisions,
the number of primordial germ cells has increased to about 6,000,000 oo-
cytes, but the number diminishes to 2,000,000 at birth, and before puberty
there are only about 300,000 follicles in the ovary.1 Only a few ovulate, and
later in life the number decreases further at the rate of about 1,000 a month.
There is evidence that in early fetal life germ cells disappear rapidly because
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of inadequate arrangement of the granulosa and theca layers around the
oocytes.2
Between eight and ten weeks of gestation the oogonia initiate meiotic di-

vision, which proceeds until the prophase of the first meiotic division, and
is then arrested until later in life when further maturation of the follicle is
initiated. What causes a primary follicle to mature is unknown. There is some
evidence that the granulosa cells produce an inhibitory factor that arrests fol-
licular development at the primary follicle stage. Follicular maturation prior
to the antral stage does not depend on gonadotropin since FSH receptors ap-
pear only at a later stage of follicular development.

NORMAL MENOPAUSE

Women normally develop ovarian failure at menopause. Although the ac-
tual cause of menopause is still not clear, several theories have been pro-
posed, including disappearance of primordial follicles from the ovary,
decreased responsiveness of ovarian follicles to gonadotropin stimulation and
decreased sensitivity of the hypothalamus to circulating estrogens, with a con-
sequent elevation of gonadotropin levels.
As mentioned previously, the number of ovarian follicles decreases with

age until it is markedly reduced at the menopause. Costof found morpho-
logically normal oocytes in all postmenopausal ovaries he examined and
oocytes that also appeared normal by electron microscopy. Procope4 found
developing follicles in postmenopausal women with amenorrhea of at least
one year's duration, and in three patients he found a corpus luteum.
Gonadotropin levels were increased in all these patients. Thus, lack of ovar-
ian follicles is not the initial cause of menopause, but the follicles that re-
main probably are less sensitive to the high levels of circulating
gonadotropins.

In view of these observations, it is of interest to note that in rats the men-
opausal period is characterized by constant estrus. An ovary from a meno-

pausal rat implanted in a young rat will again start to ovulate.5 The aging
of the reproductive function, at least in this species, appears to be a result
of the aging of the central nervous system.

In human beings the FSH levels increase with age. Significantly higher
FSH concentrations are found in the 40-50-year age group than in the 20-
29-year group while estrogen levels remain unchanged. Reyes,6 for exam-

ple, found no decrease in estrogen levels with age, while others7 have found
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normal to elevated estrogen levels associated with elevated gonadotropin
levels among perimenopausal women.
Sherman8 observed high gonadotropin levels in the follicular phase of

older menstruating women, and noted that long duration of high gonadotropin
concentrations did not necessarily indicate absence of follicles. During both
follicular and luteal phases, estrogen levels were lower among
perimenopausal women, but in the early follicular phase estrogen secretion
was comparable in perimenopausal and younger patients. Thus, the main hor-
monal difference between older and younger women was the higher FSH
levels in the perimenopausal patients. These observations point to a decrease
in the sensitivity of the hypothalamic negative feedback mechanism to cir-
culating estrogens.

Inhibin is a protein hormone assumed to be produced by granulosa cells.
The hormone seems to inhibit FSH secretion to a greater degree than LH.
Marder9 and DeJong'0 demonstrated "inhibin" activity in the follicular fluid
of graafian follicles. Decreased production of inhibin during the
perimenopausal and menopausal period could explain higher FSH levels dur-
ing the perimenopausal period, but our knowledge of inhibin production and
activity is still limited.

PREMATURE OVARIAN FAILURE

Premature ovarian failure was defined by Sele and Starup1' as amenor-
rhea associated with high gonadotropin and low estrogen levels before the
age of 30 in women who had had a normal menarche and normal develop-
ment of secondary sexual characteristics. Other authors include patients who
became amenorrheic before the age of 40. Premature ovarian failure occurs
in 5-8% of all patients developing secondary amenorrhea.

In most patients with premature ovarian failure, especially during the
earlier stages, the ovaries contain follicles, but the follicles are arrested before
the antral stage.12 Development prior to this stage does not depend on
gonadotropins because gonadotropin receptors are not present. Arrested de-
velopment occurs at the stage when gonadotropin receptors are needed for
further maturation.
Lack of receptor formation may explain the insensitivity of the follicle to

gonadotropins. Estradiol increases FSH receptors, while FSH, in the pres-
ence of estradiol, increases receptors for both FSH and LH in the granulosa
cells of the developing follicles. However, LH decreases receptors for FSH,
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LH and estradiol (associated with luteinization).13 Administration of LH or
HCG is followed by prolonged loss of LH receptors that is time- and dose-
dependent. 14 The loss of specific hormone receptor sites is associated with
a desensitization of ovarian adenyl cyclase and a reduction in 17,20 desmo-
lase, 3 fl-dehydrogenase and 17-hydroxylase activities.

Alternatively, desensitization of gonadotropin receptors may cause prema-
ture ovarian failure in some cases, and explain decreased sensitivity of fol-
licles in menopausal ovaries. In vitro incubation with HCG of ovarian tis-
sue from women with premature menopause decreases steroid synthesis.'5
In three of our patients with ovarian failure and relatively high basal estro-
gen levels, administration of exogenous gonadotropins decreased estrogen
levels, an effect reported by others.'6

RESISTANT OVARY SYNDROME

The resistant ovary syndrome was first described in 1969 by Jones,17 who
reported on three patients with primary amenorrhea, normally developed
secondary sexual characteristics, apparently normal follicular apparatus and
increased gonadotropin levels. One of the three patients ovulated after a very
high dose of exogenous gonadotropins, but this response has not been ob-
tained in similar patients by others. Campenhoutl8 gave up to 6,150 IU of
FSH and LH daily with no response.
The resistant ovary syndrome has been described in patients with secon-

dary amenorrhea.19 Criteria for the diagnosis are: high gonadotropin levels,
presence of normal primordial follicles on ovarian biopsy and lack of re-
sponse to exogenous gonadotropin administration.
The characteristic histological finding is abundant primary follicles arrested

at the antral stage of development although in some specimens, particularly
those from patients with secondary amenorrhea, the number of follicles is
diminished. The ovarian biopsy must be interpreted very carefully, especially
if it is obtained by laparoscope, because in many cases the biopsy is not
representative of the ovary. For example, pregnancy has been diagnosed in
patients with no follicles in ovarian biopsy.20 The resistant ovary syndrome
appears to be an early stage of ovarian failure in which maturation arrest
of the follicles occurs. Ultimately, the follicles disappear.

In rare instances, a patient with ovarian failure may have episodes of ovu-
lation, and pregnancy is occasionally possible. A few spontaneous pregnan-
cies have been described in patients with the resistant ovary syndrome. The
pregnancies usually occurred during or immediately after estrogen adminis-
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TABLE I. ETIOLOGICAL CLASSIFICATION

1) Genetic
a) Gonadal dysgenesis
b) Metabolic disorders
c) Immunological deficiency

2) Autoimmune diseases
3) Infections
4) Environmental causes
5) Iatrogenic causes
6) Idiopathic or unknown

TABLE II. GENETIC CAUSES OF OVARIAN FAILURE

Gonadal dysgenesis
1) With X chromosome deletion (Turner's syndrome)
2) With normal XX or XY complement (pure gonadal dysgenesis)
3) Trisomy 13 (Edward's syndrome)
4) Trisomy 18 (Patau's syndrome)

Metabolic disorders
1) 17-hydroxylase deficiency
2) Galactosemia
3) Mytonic muscular dystrophy (Steinert's disease)

Immunological deficiency
1) Ataxia telangiectasia
2) DiGeorge syndrome
3) Mucocutaneous fungal infections

tration.21 Two of our patients conceived after a diagnosis of ovarian fail-
ure was established, but neither had received estrogen replacement therapy.

ETIOLOGY OF OVARIAN FAILURE

In most patients with ovarian failure, the etiology cannot be established.
Table I summarizes the known causes of ovarian failure. Among the known
causes, genetic disorders are the most common. Chromosomal anomalies
are found in patients with primary amenorrhea and ovarian dysgenesis, but
a genetic factor is involved in many patients with ovarian failure and nor-
mal karyotypes. Included in the genetic disorders are metabolic and immuno-
logical deficiency diseases. Ovarian failure is associated with an autoimmune
disorder in a relatively high proportion of patients. The other major known
cause of ovarian failure is iatrogenic.

Genetic causes ofovarian failure. Table II summarizes genetic causes of
ovarian failure. The major genetic cause is an embryonal defect in the on-
togenesis of the ovary that results in ovarian dysgenesis. No normal ovar-
ian tissue is found on biopsy.
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X chromosome deletion (Turner's syndrome). The most common cause of
ovarian dysgenesis is sex chromosome anomaly. Typically, such patients have
streak ovaries. McDonough22 studied 82 patients with ovarian failure and
found sex chromosome anomalies in 52. The most frequent single-cell
anomaly was 45X0 (Turner's syndrome). Interestingly, he found sex chro-
mosome anomalies only in individuals less than 63 inches tall. Sauer23
reported a case of ovarian dysgenesis with balanced translocation of the long
arm of an X chromosome to the short arm of one of the number seven au-
tosomes, without deficiency in chromosomal material. Simpson24 summa-
rized current knowledge about the location of the ovarian determinants and
concluded that determinants exist on both of the long and the short arms of
the X chromosome. Duplication of one arm fails to compensate for the loss
of the other, but individuals with distal breaks do not show ovarian dysgen-
esis. Individuals who have a deletion of the short arm are always short, and
the long arm may or may not carry stature determinants.
The mechanism of the ovarian development in X chromosome deletions

is unclear. There is evidence that oocytes require only one X chromosome
to differentiate.25 Singh2 and Carr25 compared ovaries of fetuses and em-
bryos with XO genotype with ovaries of normal fetuses and found that XO
fetuses have the same number of primordial germ cells as normal fetuses
during the first three months of gestation, but later connective tissue increases
in XO gonads. Germ cell formation and migration in XO gonads appears
to be normal. The defect is in follicle formation. Because of a deficiency
in the cells, germ cells that enter the first meiotic prophase cannot organize
a primordial follicle and as a result degenerate.
There are many reports of ovarian function in patients with X chromo-

some anomalies.22'26 At least 10-12% of patients with gonadal dysgenesis
have some ovarian function.22 The incidence of menstrual function in mosai-
cism is considerably higher. Wray26 studied patients with the 45XO karyo-
type or mosaicism who became pregnant and found a high frequency of con-
genital anomalies, mainly gonadal dysgenesis and trisomy 21, among the
offspring. Only 15 out of 48 pregnancies resulted in a normal fetus.

Ovarian dysgenesis with normal XX or XY complement. Patients with gona-
dal dysgenesis and a normal chromosomal complement may have either
46XX or 46XY karyotypes. They usually reach normal stature. The diag-
nosis of streak ovaries can be made only by visualization of the ovaries.
Thirty-six percent of the patients with primary ovarian failure that
McDonough22 described had normal chromosomes, and of these 40% have
some menstrual function.
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Simpson24 found 61 cases of 46XX gonadal dysgenesis reported in the
literature prior to 1971. Very few of them had Turner's stigmata; only eight
were short in stature and a few had nerve deafness, but a significant num-
ber of the parents were consanguineous. There is also evidence of a familial
aggregation of females with 46XX gonadal dysgenesis, suggesting that XX
gonadal dysgenesis is an autosomal recessive disorder. A disorder of
monozygotic twins was described27 in which only one twin was affected.
Thus, there may be two variants of the syndrome, one with a genetic cause
and the other with an environmental component that affects the gonads and
causes early destruction of the ovary.
Gonadal dysgenesis with a 46XY karyotype is less common. Absence of

functional gonadal tissue results in development of a female with normal
genitalia. Almost all patients are normal or tall in stature.27 Fraisier28
described a pair of affected monozygotic twins, and others29 have reported
the syndrome in siblings. It is probably an X-linked recessive disorder.
Autosomal anomalies. Ovarian dysgenesis has been described with au-

tosomal anomalies,30 mainly infants with trisomy 18 (Edward's syndrome)
and trisomy 13 (Paton's syndrome). These anomalies have no clinical sig-
nificance because they are incompatible with life, but their occurence indi-
cates that ovarian determinants are present in the autosomes as well as the
sex chromosomes.

METABOLIC DIsoRDERS

A few patients with ovarian failure and 17-hydroxylase deficiency have
been described.3' This enzyme is necessary for the synthesis of estrogens
and cortisol, but it is not required for the synthesis of the mineralocorticoids.
Patients usually present with primary amenorrhea, failure to develop secon-
dary sexual characteristics, increased gonadotropin levels and hypertension.
The ovaries are usually enlarged and develop multiple cysts secondary to
excessive stimulation by the elevated gonadotropin levels.

Galactosemia. Patients treated early in life with a galactose-free diet have
a high frequency of ovarian failure.32 Patients who are not treated develop
mental retardation, but not ovarian failure. The ovarian failure may result
from metabolic derangement in the ovary or change in the bioactivity of the
gonadotropin molecule, which contains galactose and galactosamine. Several
studies33,34 have shown a direct effect of galactose or its metabolites on the
parenchyma of the ovary, which may explain the ovarian failure. To pre-
vent damage to fetal ovaries mothers at risk should follow a galactose-free
diet during pregnancy.
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TABLE III. AUTOIMMUNE DISEASES ASSOCIATED WITH
PRIMARY OVARIAN FAILURE

Addison's disease Diabetes mellitus
Hypothyroidism Rheumatoid arthritis
Hypoparathyroidism Vitiligo
Myasthenia gravis Idiopathic thrombocytopenia
Pernicious anemia Alopecia areata
Autoimmune hemolytic anemia

Myotonic muscular dystrophy (Steinert's disease). Myotonic dystrophy is
a myopathy mainly involving the distal musculature of the extremities and
cranial muscles and associated with cataracts and osseous lesions. Inheritance
is by a dominant trait with variable penetration. In its congenital forms,
maternal intrauterine factors may be involved in the penetration of the ab-
normal gene.35 Gonadal failure is common among affected males, and dam-
age to the seminiferous tubules ranges from abnormal spermatogenesis to
complete tubular fibrosis. Fifteen to 20% of affected females suffer from
oligomenorrhea, and some have increased gonadotropin levels although
hypothalamic-pituitary function is normal.36

IMMUNOLOGICAL DEFICIENCY

Ovarian failure is associated with ataxia telangiectasia37 and Di George's
syndrome,38 and has been described among patients with T-cell anomalies
and mucocutaneous infection.39 Patients with immunological deficiency dis-
eases have a strong tendency to develop autoimmune disease, but the mech-
anism of the associated ovarian failure is unclear.

OVARIAN FAILURE As AN AUTOIMMUNE DISORDER

Ovarian failure occurs in a relatively high proportion of women with au-
toimmune diseases (Table III). The most common association is with Ad-
dison's disease.40 Irvine4' described 168 patients with Addison's disease of
whom 25% had ovarian failure. He also noted an association between pri-
mary amenorrhea and hypoparathyroidism. Hypothyroidism and pernicious
anemia were also associated with gonadal and adrenal failure. Other autoim-
mune diseases associated with ovarian failure are Hashimoto's disease,42 idi-
opathic thrombocytopenia, rheumatoid arthritis with vitiligo,43 alopecia
areata, Cushing's disease,'" autoimmune hemolytic anemia and myasthenia
gravis.44"45
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Irvine could not demonstrate circulating antiovarian antibodies not asso-
ciated with antiadrenal antibodies in patients with amenorrhea, but others46
found antiovarian antibodies that did not react with adrenal tissue in two pa-
tients. Results of absorption studies indicate that the antigens are similar in
the adrenal cortex, theca interna of the ovary, granulosa cells, interstitial
cells and placental trophoblast.40U4l The antigens are related to enzymes in-
volved in the various pathways of steroid synthesis. Different antigens are
involved in different patients. The possibility that antibodies to such anti-
gens interfere with gonadotropin receptor sites has been raised. Coulam47
found that the antigen comprises about 2-3% of the ovarian protein. It is un-
likely that gonadotropin receptors will be found in such quantity.
McNatty48 studied the effect of sera from patients with antiovarian anti-

bodies on granulosa cells in culture and found a reduction of progesterone
production by the sera-treated cells. The receptors are not needed at this
stage, and the media contained no HCG. Austin49 concluded from his study
that no circulating antibodies interfere with HCG-LH receptors. However,
Escobar44 and Chiauzzi45 described patients with myasthenia gravis and
ovarian failure, and presented evidence to suggest that in those patients the
antibodies are directed at the FSH receptors.

INFECTIONS

Mumps is the infection most frequently associated with ovarian failure.
There is evidence that the ovary is most sensitive to damage by the mumps
virus during the fetal and pubertal periods.50 Mumps during puberty can
cause ovarian failure even in cases of subclinical infection.
Ovarian destruction occurs in 3% of women with pelvic tuberculosis.51

The incidence of elevated gonadotropin levels in such patients is unknown.
The main causes of amenorrhea in women with pelvic tuberculosis is de-
struction of the endometrium and intrauterine adhesions.

ENVIRONMENTAL CAUSES

Women who smoke cigarettes have an earlier menopause than non-
smokers.52 Jick's52 study indicated a dose-related effect of smoking and the
age at menopause. The average age at spontaneous menopause was 49.6
among nonsmokers and 44.3 among smokers in the group studied. Polycy-
clic aromatic hydrocarbons can destroy oocytes in mice53 and alter oocyte
meiosis, a dose-related effect, but the hydrocarbons do not affect the response
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TABLE IV. IATROGENIC CAUSES OF OVARIAN FAILURE

1) Radiation
2) Chemotherapy

a) Cyclophosphamide
b) Busulfan (Myleran)
c) Drugs possibly involved

Metotrexate
6-mercoptopurine
arabinosylaytosine
actinomycin
adriomycin
dauomycin
Thioguanine
hydroxyurea
L-asparaginase
procarbiazin

3) Adnexal surgery

of the ovary to gonadotropin stimulation.54 Cigarette smoke contains many
polycyclic aromatic hydrocarbons that may cause oocyte destruction among
humans in the same fashion.

IATROGENIC CAUSES OF OVARIAN FAILURE

A marked improvement in survival of patients with certain neoplastic dis-
eases raises the problem of ovarian failure secondary to radiation and
chemotherapy. Some iatrogenic causes of ovarian failure are listed in
Table IV.

Radiation. Low-dose radiation in the range of 250-500 rads causes per-
manent ovarian failure in 60% of patients, and 800 rads usually suffices to
cause artificial menopause.55 Patients treated for Hodgkin's disease and lym-
phoma may receive radiation to the pelvic nodes in the range of 4,4004,500
rads. Because of the high cure rate, efforts to preserve ovarian function are
worthwhile. Oophoropexy and shielding of the ovaries during radiation will
reduce the amount of radiation received by the ovaries to the range of 350-
400 rads, and preserve ovarian function in 59% of such patients. No con-
genital anomalies have been reported in the offspring of treated patients.56

Chemotherapy. Treatment with busulfan is frequently associated with
amenorrhea and ovarian failure, and cyclophosphamide is also commonly
associated with development of ovarian failure. Treatment with a low dose
for a short period of time, as used for non-neoplastic diseases, does not cause

ovarian failure, but with high doses and longer duration of treatment, ovarian
ablation is a frequent complication of cyclophosphamide therapy in
women.57
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The histological appearance of the ovaries after cyclophosphamide ther-
apy reveals abundant primordial follicles with maturation arrest beyond the
primary follicle stage. The same picture is seen in the resistant ovary syn-
drome.58 Warne57 described patients who developed ovarian failure during
cyclophosphamide therapy. A few of them regained normal ovarian func-
tion after termination of therapy. Later the follicles gradually disappear. few
authors58'59 have described patients who developed ovarian failure after
treatment for malignant diseases with various combinations of chemother-
apeutic agents, and in such patients it is impossible to identify a single drug
as responsible for the ovarian damage.

Surgery. Nine percent of our patients developed ovarian failure follow-
ing pelvic surgery, mainly for endometriosis and other benign ovarian ne-
oplasms. It has to be emphasized that every effort should be made during
surgery to minimize damage to the ovary, preserve as much ovarian tissue
as possible and prevent damage to the ovarian blood supply, especially in
patients who desire children.

INCREASE OF GONADOTROPIN LEVELS WITH NORMAL OVARIES

Increased gonadotropin levels can occur as a primary condition, as in cases
of pituitary tumors secreting FSH. Other possible causes are abnormal, bi-
ologically inactive FSH and LH molecules, and presence of antigonadotropin
antibodies.

Gonadotropin-secreting tumors. Gonadotropin-secreting pituitary tumors
have been described in patients with primary ovarian failure, but pituitary
enlargement is usually secondary to end organ failure, as hypothyroidism
and hypoadrenalism.60 There are a few reports of autonomous FSH-LH
secreting pituitary adenomas in males.61 Snyder62 presented two cases of
FSH-secreting tumors, one in a patient with normal functioning testes and
the other in a patient with normal testosterone levels. Kovacs61 noted that
removal of the pituitary adenoma in one of his patients was followed by in-
creased serum testosterone levels and return of sexual potency. In this case,
it is likely that the high gonadotropin levels "down regulated" the LH recep-
tors, and removal of the adenoma reversed the condition. The same author
noticed a considerable structural difference between the adenoma cells and
nontumorous FSH-secreting cells, and speculated that the tumor cells were
undifferentiated precursors or committed stem cells which, despite their mor-
phological immaturity, were capable of producing FSH. No such tumor has
been described in a female.
Abnormal FSH and LH molecules. Silva DeSa63 described abnormal
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forms of gonadotropins in patients with premature ovarian failure, but the
gonadotropins in his patients were not tested for bioactivity. Most evidence
suggests that in most cases the LH and FSH molecules are active. Most of
DeSa's patients had previously normal menses, thus demonstrating the ability
to produce normal gonadotropins. Furthermore, they did not respond to ex-
ogenous gonadotropins. Koninck64 determined the molecular weight of the
gonadotropins in his patients and found them similar to the gonadotropins
detected in postmenopausal women. Jones demonstrated that the gonado-
tropins from her patients were biologically active in rats.'7
Antigonadotropin antibodies. Appearance of antigonadotropin antibodies

is one possible explanation for ovarian failure. Rabinowitz65 and Beers66
described anti-FSH antibodies in patients with low FSH levels, and possi-
bly similar antibodies play a role in some patients with ovarian failure and
high gonadotropin levels.

HYPOTHYROIDISM

Most studies suggest decreased secretion of gonadotropins by hypothyroid
women. However, juvenile hypothyroidism and some cases of adult-onset
hypothyroidism67 are associated with elevated levels of gonadotropins. The
gonadotropin levels decline after treatment with thyroid preparations.
Mechanisms that might cause elevated levels in hypothyroidism are: Alter-
ation in ovarian steroidogenesis secondary to the hypothyroid state; elevated
levels of common neurotransmitters such as norepinephrine that increase both
TRH and LHRH; and a nonspecific action of TRH at a very high level on
release of gonadotropins.

CLINICAL STUDIES

Over a five-year period 89 patients with premature ovarian failure were
seen in our infertility unit. Criteria for the diagnosis were amenorrhea and
elevated gonadotropin levels before the age of 35. The patients were clas-
sified according to the diagnoses in Table V. The diagnosis and manage-
ment of representative cases is described below.

Ovarian dysgenesis. In 31 patients ovarian dysgenesis was confirmed by
laparoscopy. All had primary amenorrhea, but six patients menstruated spon-
taneously a few times. Five had a 46XO karyotype, 1 had 46XX-q and the
other patients were mosaics (45XO/46XX, 45XO/46/XY/46XY-q,
45XO/46XX). Nineteen patients had ovarian dysgenesis with a normal 46XX
karyotype and 4 had a 46XY karyotype. Case report. A.L., age 25, was
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TABLE V. 89 CASES OF PRIMARY OVARIAN FAILURE

Sex chromosome anomaly 8
Pure ovarian dysgenesis 23
Cancer therapy 13
Surgery (benign disease) 7
CNS lesions 3
Idiopathic 27

Total 89

seen because of primary infertility. Menarche occurred at age 12 and men-
ses every 2-3 months since. Height was 561/2 inches, and the patient had nor-
mal hair distribution, short and webbed neck, shield type chest and well-
developed breasts. External genitalia, uterus and adnexa were normal but
the vaginal mucosa was atrophic and the cervix was small with no mucus
seen. The laboratory findings included: FSH-10.8 mIU/ml, LH-7.3 mIU/ml,
urinary estrogens 15ug/24h and karyotype 46X X-q/45X-q. Because of the
normal gonadotropin and spontaneous menses, induction of ovulation was
attempted. Treatment with Pergonal, six ampules daily for 12 days, resulted
in no response. Ovarian biopsy showed stroma containing fibro-hyaline nod-
ules lined with coelomic epithelium. No ova or follicular structures were
noted. In the following two years urinary estrogens decreased to undectable
levels, while gonadotropin levels rose: FSH-44.1 mIU/ml, LH-12.4 mIU/ml,
and the patient became amenorrheic. Despite ovarian dysgenesis, this pa-
tient demonstrated some menstrual function and estrogen production with-
out ovulation.
Cancer therapy. Thirteen patients developed ovarian failure after therapy

for various malignant diseases. Six patients were treated for Hodgkin's dis-
ease, three for leukemia, one for Ewing's sarcoma, one for chondrosarcoma,
one for Wilm's tumor and one for malignant melanoma. Therapy was radi-
ation alone in two patients, chemotherapy in four and radiation and
chemotherapy in seven.
Case Report. Patient had menarche at age 13, followed by regular men-

ses. At the age of 30 a diagnosis of Hodgkin's disease was established and
the patient was given radiation therapy. Oophoropexy-transposition of the
ovaries to the midline was done to reduce the quantity of radiation received
by the ovaries, but the patient became amenorrheic. She was seen again at
age 37 because of onset of vaginal bleeding. The possibility of reversal of
the ovarian failure was raised, but gonadotropin levels were high: FSH-94
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mIU/ml, LH-62 mIU/ml. Endometrial curretage was performed and en-
dometrial carinoma was discovered.

Postpelvic surgery. Eight patients developed ovarian failure following ad-
nexal surgery. Of these, four had surgery for endometriosis, one patient had
a bilateral cystectomy and two had unilateral cystectomy and wedge resec-
tion of the contralateral ovary.
Autoimmunose disease. Seven patients had known autoimmune disease:

four had hypothyroidism, two had lupus erythematosus and one had myasthe-
nia gravis.

Central nervous sytem lesion. Three patients had a central nervous sys-
tem lesion. One had temporal lobe epilepsy, one had multiple sclerosis and
one had a nonprolactin-secreting pituitary ademona.

Idiopathic ovarian failure. Twenty-seven patients had ovarian failure with
normal karyotypes and no other lesions. Twenty of the patients had evidence
of episodic ovarian function. They menstruated spontaneously on occasion,
and four of them had episodes of ovulation proven by biphasic temperature
curves and endometrial biopsy. Two patients conceived spontaneously af-
ter the diagnosis of primary ovarian failure was made. One delivered at term
and one miscarried. Ten patients had normal-appearing follicles on biopsy
and were treated with human menopausal gonadotropins (HMG) but none
responded. In three, basal estrogen levels decreased while on HMG therapy.
Case report. D.M., age 28, was seen in 1974 because of primary infer-

tility. At that time the patient menstruated regularly. Ovulation was indicated
by the biphasic B.B.T. and secretory endometrium on biopsy. She was seen
again in 1978 complaining of irregular menses occurring and at two-six
month intervals. The basal body temperature was monophasic. In October
1978 the patient complained of hot flushes. Gonadotropin levels were FSH-14
mIU/ml, LH-12.1 mIU/ml. In December 1978 the patient was given
clomiphene 200 mg daily for 5 days. Blood estrogen levels rose to 335 pg/ml,
but ovulation did not occur. The hot flushes persisted, and a repeat
gonadotropin measurement showed FSH-33.9 mU/ml and LH-33.2 mIU/ml.
From February until May 1979 the patient had 3 menses with biphasic

B.B.T. Ovulation was indicated by a progesterone level of 7.2 ng/ml and
a finding of secretory endometrium on endometrial biopsy. Random
gonadotropin levels were FSH 6.7 mIU/ml and LH-80 mIU/ml. The patient
became amenorrheic again. In August 1979 a D&C showed inactive en-
dometrium, and laparoscopy revealed small, inactive ovaries. At that time,
gonadotropin levels were FSH - 59 mIU/ml, LH - 36.2 mIU/ml. This pa-
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tient demonstrated early onset of ovarian failure with periods of amenorrhea
and a gradual increase in gonadotropin levels.
Case report. L.G.J., age 34, GI P1, was seen for secondary infertility

of six years duration. The patient had a normal menarche at age 13, con-
ceived at age 24 and had a normal delivery. At age 25 she had a subtotal
thryoidectomy, and subsequently her menses became increasingly irregular,
occurring every three-four months. In December 1978 she was given
clomiphene 200 mg daily for five days and responded with ovulation. How-
ever, she did not respond to repeat clomid therapy or to Pergonal, up to 6
ampules daily for 10 days. Serum gonadotropin levels were FSH - 37
mIU/ml, LH - 34.4 mIU/ml. In March 1979 gonadotropin levels were FSH
- 35.8 mIU/ml, LH - 21.9 mIU/ml and the patient became amenorrheic. A
diagnosis of ovarian failure was made but six months later the patient con-
ceived spontaneously.

CONCLUSIONS

Primary ovarian failure is a condition with multiple etiologies. Genetic
causes are most prevalent in early onset of the condition and autoimmune
disorders most prevalent in later onset of ovarian failure. The etiology in
a large number of patients remains unknown.

REFERENCES

1. Baker, T.G.: A quantitative and cytolog-
ical study of germ cells in human ova-
ries. Proc R. Soc. Lond. 158:417, 1973.

2. Singh, R.P. and Carr, D.H.: The anat-
omy and histology of XO human em-
bryos and fetuses. Anat. Rec. 155:369,
1966.

3. Costoff, A. and Mahesh, B.V.: Primor-
dial follicles with normal oocytes in the
ovaries of postmenopausal women. J.
Am. Geriatr. Soc. 13:193, 1975.

4. Procope, B.J.: Studies on urinary excre-
tion, biological effects and origin of es-
trogens in post-menopausal women. Acta
Endocrinol. (Kbh) 60:5, 1969.

5. Peng, M. and Huag, H.: Aging of
hypothalamic-pituitary-ovarian function
in the rat. Fertil. Steril. 23:535, 1972.

6. Reyes, F.F., Winter, J.S.D. and Faiman
C.: Pituitary ovarian relationships

preceding the menopause. Am. J. Obstet.
Gynecol. 129:557, 1977.

7. Aiman, J. and Smenteck, C.: Premature
ovarian failure. Obstet. Gynecol. 66:9,
1985.

8. Sherman, B.M., West, J.H. and Koren-
man, S.G.: The menstrual transition:
analysis of LH, FSH, estradiol and
progesterone concentrations during men-
strual cycles of older women. J. Clin.
Endocrinol. Metab. 42:629, 1976.

9. Marder, M.L., Channing, C.P. and
Schwartz, N.B.: Suppression of serum
follicular stimulating hormone in intact
and acutely ovariectomized rats by por-
cine follicular fluid. Endocrinology
101:1693, 1977.

10. De Jong, F.H. and Sharpe, R.M.:
Gonadotropins, testosterone and sper-
matogenesis in neonatally irradiated male

Vol. 62, No. 3, April 1986



234 R. JEWELEWICZ AND M. SCHWARTZ

rats. J. Endocrinology 75:2091, 1977.
11. Starup, J., Butt, W.R., London, D.R.

and Marshall, J.C.: Amenorrhea associ-
ated with increased production of
gonadotropins and a morphological nor-
mal follicule apparatus. Aaa Endocrinol.
66:248, 1971.

12. Nakano, R., Hashiba, N., Washio, M.
and Tojo, S.: Ovarian follicular appara-
tus and hormonal parameters in patients
with primary amenorrhea. Acta Obstet.
Gynecol. Scand. 57:293, 1978.

13. Richards, J.S., Ireland, J.J., Rao, M.C.
et al.: Ovarian follicular development in
the rat: Hormone receptor regulation by
estradiol follicule stimulating hormone
and luteinizing hormone. Endocrinology
99:1592, 1976.

14. Catt, K.J., Harwood, J.P., Aguilera, G.
and Dafou, M.L.: Hormonal regulation
of peptide receptors and target cell
responses. Nature 280:109, 1979.

15. Asch, R.H. Bryner, J., Watani, H. et
al.: Dynamic hormonal tests in a case of
premature ovarian failure. South. Med.
J. 72:72, 1979.

16. Lock, J.P., Henry, G., Gotlin, R. and
Betz, G.: Spontaneous feminization and
menstrual function developing during pu-
berty in Turner's syndrome. Obstet. Gy-
necol. 54:496. 1979.

17. Jones, G.S. and De Moraes-Ruehsen,
M.: A new syndrome of amenorrhea in
association with hypergonadotropism and
apparently normal ovarian follicular ap-
paratus. Am. J. Obstet. Gynecol.
104:597. 1979.

18. Compenhout, J.V., Vauclair, R. and
Maraghi, K.: Gonadotropin resistant
ovaries in primary amenorrhea. Obstet
Gynecol. 40:6, 1972.

19. Dewhurst, C.J., DeKoos, E.B. and Fer-
reira, H.P.: The resistant ovary syn-
drome. Br. J. Obstet. Gynecol. 82:341,
1975.

20. Szlachter, B.N., Nachtingall, L.E., Ep-
stein, J., et al.: Premature menopause:
A reversible entity? Obstet. Gynecol.
54:396, 1979.

21. Shapiro, A.G. and Rubin, A.: Spontane-
ous pregnancy in association with hyper-
gonadotropic ovarian failure. Fertil.
Steril. 28:500, 1977.

22. McDonough, P.G., Gyrd, R.J., Thi
Tho, P. and Mahesh, V.B.: Phenotypic
cytogenetic findings in eighty-two pa-
tients with ovarian failure - changing
trends. Fertil. Steril. 28:638, 1977.

23. Sauer, F., Greenberg, R.M., Reardon,
R. and Riddich, D.H.: Secondary
amenorrhea associated with balanced x-
autosome translocation. Obstet. Gynecol.
49:101, 1977.

24. Simpson, J.L.: Genes, chromosomes and
reproductive failure. Fertil. Steril.
33:107, 1980.

25. Carr, D.H., Haggar, R.C. and Hart,
A.G.: Germ cells in the ovaries of XO
female infant. Am. J. Clin. Pathol.
49:521, 1968.

26. Wray, H.L., Freeman, M.V.R. and
Ming, P.M.L.: Pregnancy in the Turner
syndrome with only 45X chromosomal
constitution. Fertil. Steril. 35:509, 1981.

27. McDonough, P.G. and Byrd, J.R.:
Twins discordant for 46XX gonadal dys-
genesis. Fertil. Steril. 28:251, 1977.

28. Fraiser, S.D., Bashore, R.A. and Mois-
ier, H.D.: Gonadoblastoma associated
with pure gonadal dysgenesis in monozy-
gous twins. J. Pediatr 64:740, 1969.

29. Phansey, S.A., Satterfield, R., Jorgen-
son, B.J. et al.: XY gonadal dysgenesis
in three siblings. Am. J. Obstet. Gy-
necol. 138:133, 1980.

30. Kennedy, J.F., Freedman, M.C. and
Benirschke, K.: Ovarian dysgenesis and
chromosome abnormalities. Obstet. Gy-
necol. 50:13, 1977.

31. Goldsmith, O., Solomone, D.H. and
Horton, R.: Hypogonadism and
mineralocortico-steroid excess. N. Engl.
J. Med. 227:673, 1967.

32. Kaufman, F., Kogut, M.D., Donnel,
G.H. and Kock, R.: Ovarian failure in
galactosemia. Lancet 2:737, 1979.

33. Kaufman, F.R., Kogut, M.D., Donnell,
G.N. et al.: Hypergonadotropic
hypogonadism in female patients with
galactosemia. N. Engl. J. Med. 304:994,
1982.

34. Chen, Y.T., Mattison, D.R. and Schul-
man, J.D.: Hypogonadism and galac-
tosemia. N. Engl. J. Med. 305:464,
1982.

35. Harper, P.S.: Congenital myotonic

Bull. N.Y. Acad. Med.



PREMATURE OVARIAN FAILURE 235

dystrophy in Britain. Arch. Dis. Child
50:514, 1975.

36. Sagel, J., Distiller, L.A., Morley, JE.
and Isaacs, H.: Myotonia dystrophica:
Studies on gonadal function using lu-
teinizing hormone-secreting hormone
(LRH). J. Clin. Endocrinol. Metab.
40:1110, 1975.

37. Miller, M.E. and Chatten, J.: Ovarian
changes in ataxia telangiectasia. Acta
Paediatr. Scand. 56:559, 1967.

38. Wortis, H.H.: Pleiotropic effects of the
nude mutation, Immuno-deficiency in
man and animals. Birth Defects 37:528-
32, 1975.

39. Kleerekoper, M., Basten, A., Penney,
R. and Posen, S.: Idiopathic hypopara-
thyroidism with primary ovarian failure.
Arch. Intern. Med. 134:944, 1974.

40. Elder, M., Maclaren, N. and Riley, W.:
Gonadal autoantibodies in patients with
hypogonadism and/or Addison's disease.
J. Clin. Endocrinol. Metab. 52:1137,
1981.

41. Irvine, W.J. and Barnes, E.N.: Addi-
son's disease, ovarian failure and
hypoparathyroidism. Clinics Endocrinol.
Metab. 4:379, 1975.

42. Vazquez, A.M. and Kenney, F.M.:
Ovarian failure and antiovarian anti-
bodies in association with hypopara-
thyroidism moniliasis and Addison's and
Hashimoto's disease. Obstet. Gynecol.
41:414, 1973.

43. Collen, R.J., Lippe, B.H. and Kaplan,
S.A.: Primary ovarian failure, juvenile
rheumatoid arthritis and vitiligo. Am. J.
Dis. Child 133:598. 1979.

44. Escobar, M.E., Cigarroga, S.B.,
Chiauzzi, V.A. et al.: Development of
the gonadotropic resistant ovary syn-
drome in myasthenia gravis: Suggestion
of similar autoimmune mechanism. Acta
Endocrinol. 99:431, 1982.

45. Chiauzzi, V., Cigorraga, S. and Esco-
bar, R.E.: Inhibition of follicular-
stimulating hormone receptor binding by
circulating immunoglobins. J. Clin. En-
docrinol. Metab. 54:1221, 1981.

46. Alper, M.M. and Garner, P.R.: Prema-
ture ovarian failure: its relationship to
autoimmune disease. Obstet. Gynecol.
66:27, 1985.

47. Coulam, C.B. and Ryan, R.J.: Prema-
ture menopause. Am. J. Obstet. Gy-
necol. 133:639, 1979.

48. McNatty, K.R., Short, R.V., Barnes,
E.N. and Irvine, W.J.: The cytotoxic ef-
fect of serum from patients with Addi-
son's disease and autoimmune ovarian
failure on granulosa cell in culture. Clin.
Exp. Immunol. 22:378, 1975.

49. Austin, G.E., Coulam, C.B. and Ryan,
R.J.: A search for antibodies to luteiniz-
ing hormone receptors in premature
ovarian failure. Mayo Clinic Proc.
54:394, 1979.

50. Morrison, J.C., Gimens, J.R., Wiser,
L.W. and Fish, S.A.: Mumps oophori-
tis: a cause of premature menopause.
Fertil. Steril. 26:255, 1975.

51. Nogales-Ortiz, F., Tarancon, I. and
Nogales, F.F.: The pathology of female
genital tuberculosis. Obstet. Gynecol.
53:422, 1979.

52. Jick, A., Porter, J. and Morrison, A.S.:
Relation between smoking and age of
natural menopause. Lancet 2:1354,
1977.

53. Gulgas, B.J. and Mattison, D.R.: De-
generation of mouse oocytes in response
to polycyclic aromatic hydrocarbons.
Anat. Rec. 193:863, 1979.

54. Mattison, D.R. and Thorgeirson, S.S.:
Ovarian aryl hydrocarbon hydroxylase
activity of polycyclic aromatic hydrocar-
bons in mice. Cancer Res. 39:3471,
1979.

55. Baker, W.J., Morgan, R.L., Peckham,
M.J. and Smithers, D.W.: Reservation
of ovarian function in patients requiring
radiotherapy for para-aortic and pelvic
Hodgkin's disease. Lancet 2:1307, 1972.

56. Floch, O. L., Donaldson, S. S. and
Kaplan, H . S.: Pregnancy following
oophoropexy and total radiation in
women with Hodgkin's disease. Cancer
38:2263, 1976.

57. Warne, G.L., Fairly, K.F., Hobbs, J.B.
and Martin F.I.R.: Cyclophosphamid in-
duced ovarian failure. N. Engl. J. Med.
289:1159. 1973.

58. Siris, E.S., Leventhal, B.G. and
Vaitukaitis, J.L.: Effects of childhood
leukemia and chemotherapy on puberty
and reproductive function in girls. N.

Vol. 62, No. 3, April 1986



236 R. JEWELEWICZ AND M. SCHWARTZ

Engl. J. Med. 294:1143, 1976.
59. Stillman, R.J., Shiff, I. and Schinfeld,

J.: Reproductive and gonadal function in
the female after therapy for childhood
malignancy. Obstet. Gynecol. Survey
37:385, 1982.

60. Danziger, J., Wallace, S., Handel, S.
and Samaan, N.B.: The sella turcica in
primary end organ failure. Radiology
131:111, 1979.

61. Kovacs, K., Harvath, E., Van Loon,
G.R. et al.: Pituitary adenomas associ-
ated with elevated blood follicular-
stimulating hormone levels. Fertil. Steril.
29:622, 1978.

62. Synder, P.J. and Sterling, F.H.: Hyper-
secretion of LH and FSH by a pituitary
adenoma. J. Clin Endocrinol. Metab.
42:544, 1976.

63. Silva deSa, M.F., Rebar, R. W. and Yen

S.S.C.: Modified Molecular Forms of
LH in Hypergonadotropic States. Soc.
Gynecol. Invest. Annual Meeting. Den-
ver, 1980.

64. Koninckx, P.R. and Brosens, I.A.: The
gonadotropin resistant ovary syndrome
as a cause of secondary amenorrhea and
infertility. Fertil. Steril. 28:926, 1977.

65. Rabinowitz, D., Benveniste, R., Linder
J. et al.: Isolated follicle-stimulating hor-
mone deficiency revisited. N. Engl. J.
Med. 300:126, 1979.

66. Beers, P.C., David, S., Reyniak, V. and
Gleicher, N: Antibodies to Autologous
Gonadotropins. Soc. Gynecol. Invest.
Annual Meeting. Denver, 1980.

67. Darke, T.S., O'Brien, W.F. and Tred-
way, D.R.: Pituitary response to LHRH
in hypothyroid women. Obstet. Gynecol.
56: 488, 1980.

Bull. N.Y. Acad. Med.


