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The induction of premature luteolysis in normal
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Women with iuteal phase deficiency have been shown to have an increased frequency of luteinizing
hormone pulses in the early follicular phase of the menstrual cycle. Because progesterone is known to

. modulate luteinizing hormone secretion, it has been hypothesized that the decreased progesterone
secretion in a previous luteal phase deficiency cycle could lead to the abnormal luteinizing hormone
secretory pattern in the ensuing early follicular phase. With the possibility that the higher luteinizing
hormone pulse frequency might lead to another deficient luteal phase, it becomes conceivable that
luteal phase deficiency could be self-perpetuating. To test this hypothesis, luteal phase deficiency was
induced in six normal women by decreasing luteinizing hormone support of the corpus luteum with
a gonadotropin-releasing hormone antagonist Nal-Glu, administered twice daily beginning in the
midiuteal phase after a controi cycle. During the antagonist-treated luteal phase, each subject met the
predetermined criteria for induced luteal phase deficiency: a 33% or greater decrease in integrated
progesterone from the control cycle and an integrated progesterone level <100 ng/ml per day. Luteinizing
hormone secretion patterns were determined by frequent blood sampling performed every 10 minutes for
12 hours in the early follicular phase of the control cycle and the cycle after antagonist administration.
Daily luteal progesterone levels were measured in the control, treatment, and posttreatment cycles. Each
volunteer served as her own control. Standard parameters were compared between the control and
posttreatment pulse studies in the early follicular phase: (1) luteinizing hormone pulse frequency was
9.5 = 1.0 vs 10.0 = 0.9 pulses/12 hours, control vs posttreatment, respectively, p = 0.5; (2) luteinizing
hormone pulse amplitude was 11.0 = 1.3 vs 12.0 = 2.2 ng/ml, p = 0.6; and (3) luteinizing hormone
mean level was 19.4 = 2.3 vs 22.2 = 3.3 ng/ml, p = 0.1. Corpus luteum function was also compared
between the control and posttreatment cycles. Luteal phase length was 13.7 = 0.6 vs 12.7 * 0.6 days,
p = 0.08. Integrated progesterone values were 136.9 = 12.9 vs 130.5 = 11.3 ng/mli per day, p = 0.5.
Therefore no discernible abnormalities in early follicular luteinizing hormone secretions or corpus luteum
secretion of progesterone occurred after an induced luteal phase deficiency cycle. We conclude that luteal
phase deficiency is not self-perpetuating and that the rapid luteinizing hormone secretion pattern found in
the early follicular phase in women with luteal phase deficiency is not a result of decreased progesterone
levels in the preceding luteal phase, but rather appears to be a result of dysfunctional suprahypothalamic
neuroendocrine modulation of the gonadotropin-releasing hormone pulse generator. (Am J OBSTET

GyNecoL 1991;164:989-96.)
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There is a complex relationship between the
hypothalamic-pituitary (neuroendocrine) unit and the
corpus luteum in women. A well-described shift in lu-
teinizing hormone (LH) pulse frequency and amplitude
occurs from the follicular to the luteal phase, with fewer
LH pulses of higher amplitude present in the second
half of the cycle. This slowing of the LH secretion pat-
tern in the luteal phase is a result of progesterone feed-
back on the hypothalamic gonadotropin-releasing hor-
mone (GnRH) pulse generator, which is mediated by
endogenous opioid peptides."-? Progesterone secretion
by the corpus luteum is pulsatile 3s well and has been
shown to be coupled with LH pulses in the midluteal
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and late luteal phases.*® LH appears to be required in
both a permissive and a quantitative manner for normal
progesterone secretion by the corpus luteum.* ® Be-
cause the follicular phase LH pulse pattern is of rela-
tively high frequency and low amplitude, there is a
necessary increase in the LH secretory rate that accom-
panies the death of the corpus luteum. Withdrawal of
progesterone is the presumptive stimulus for the luteal
to follicular increase in gonadotropin pulse frequency.

Luteal phase deficiency is a well-described aberration
of the menstrual cycle that usually consists of decreased
progesterone secretion by the corpus luteum. Luteal
phase deficiency can be a phenomenon that occurs spo-
radically in normal women, without clinical signifi-
cance, or it can be the cause of infertility or habitual
abortion.” We have reported significant abnormalities
in the hypothalamic-pituitary-ovarian axis in women
with luteal phase deficiency. They have an increased
LH pulse frequency in the early follicular phase, de-
creased mean LH levels during the LH surge, de-
creased bioactive LH levels in the midluteal and late
luteal phases, and decreased progesterone pulse am-
plitude in the luteal phase, accounting for their low
integrated progesterone levels.*° In a separate study
we were able to produce luteal phase deficiency in nor-
mal women by inducing a supraphysiologic LH pulse
frequency during the follicular phase.'* On the basis of
these studies, we consider the rapid early follicular LH
pulse pattern a key element in the pathophysiology of
luteal phase deficiency and believe it is the probable
cause of the abnormal LH and progesterone secretion
later in the cycle.

Thus with our focus on the rapid early follicular LH
pulse pattern as a key element in the pathogenesis of
luteal phase deficiency and the ability of progesterone
to modulate the LH pulse frequency, we hypothesized
that luteal phase deficiency could be self-perpetuating.
The following hypothesis was entertained: decreased
progesterone secretion in a given luteal phase could
result in an excessively rapid gonadotropin pulse pat-
tern in the subsequent follicular phase which, in turn,
would lead to luteal phase deficiency in that and future
cycles. This study was designed to test this hypothesis.
To this end, luteal phase deficiency (premature luteo-
lysis with decreased luteal progesterone levels) was in-
duced in normal women with a GnRH antagonist and
the subsequent cycle was monitored in terms of the
follicular LH secretion pattern and corpus luteum
function.

Methods

Subjects. This stcudy was designed for normal vol-
unteers to serve as their own controls. These women
(n = 6) were between 26 to 33 years of age, within
+10% of their ideal body weight (Metropolitan Life
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Insurance Co. tables, 1980), and no more than mod-
erate exercisers. They had a history of 27- to 32-day
menstrual cycles, at least one normal biphasic basal
body temperature chart, and met the following hor-
monal criteria in the midluteal phase of a menstrual
cycle preceding the study: progesterone =12 ng/ml,
prolactin <20 ng/ml, and testosterone <40 ng/dl. The
protocol was approved by the Human Subjects Com-
mittee of the University of Washington and informed
consent was obtained from each woman.

There was a preset criterion for inclusion in the study
that the GnRH antagonist administration induce a lu-
teolysis sufficiently similar in terms of the pattern and
time course of decreased progesterone levels to that
seen in women with spontaneous luteal phase defi-
ciency as previously described.® To this end, we re-
quired each subject to have a luteal phase of 13 or more
days and an integrated progesterone level >100 ng/ml
per day in the control cycle. In the luteal phase of the
treated cycle they had to have an integrated proges-
terone level <100 ng/ml per day that was also a min-
imum of 33% below the integrated progesterone in
their control cycle. Whereas a more profound and dra-
matic luteolysis could have been achieved with the Nal-
Glu GnRH antagonist, depending on the dose, the de-
creased progesterone levels observed in spontaneous
luteal phase deficiency cycles tend to be modest (around
33%) and usually occur in the latter half of the luteal
phase. Some women with luteal phase deficiency had
entirely normal levels of progesterone until the mid-
luteal phase.® Fifteen subjects volunteered for the study
and six met the criteria. Of the subjects who did not
meet the study criteria, five had low integrated pro-
gesterone levels in the control cycle and the other four
had insufficient luteolysis.

Protocol. The study encompassed three menstrual
cycles. The protocol is summarized in Fig. 1. Daily
blood samples were obtained from cycle day 10 until
the onset of the next menstrual period in all three cy-
cles. These samples were allowed to clot, serum was
separated, aliquoted, and frozen at —4° C until assayed
for LH and progesterone. A 12-hour admission to the
Clinical Research Center occurred in the early follicular
phase (cycle days 1 to 4) of the second and third study
cycles. During these admissions (8 AM to 8 pM) a hep-
arinized intravenous line was placed, through which
5 ml venous blood samples were drawn every 10 min-
utes (total, 73 samples). The serum from these samples
was frozen at —4° C and subsequently assayed for LH.

The Nal-Glu antagonist injections were initiated in
the midluteal phase of study cycle two and were ad-
ministered subcutaneously every 12 hours. The injec-
tions began on cycle days +5 or +6 in relation to the
LH surge (day 0) and were cqntinued until the onset |
of the next menstrual period. The dose of the Nal-Glu |
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Fig. 1. The study protocol encompassed three menstrual cycles. The luteal phase of cycle one and
the early follicular (EF) phase of cycle two were control intervals for luteal progesterone and follicular
LH secretion, respectively. Luteal phase deficiency was induced with a GnRH antagonist administered
from the midluteal phase of cycle two until the subject’s next menstrual period (Rx, treatment). LH
and progesterone secretion were monitored in cycle three.

antagonist was determined on the basis of our previous
experience with its administration in the luteal phase"
and was either 2.5 pg/kg or 5.0 pg/kg for each injec-
tion. The daily blood sampling increased to every 12
hours during antagonist administration, which varied
between 5 and 8 days in duration.

Assays. Serum LH was measured by double antibody
radioimmunoassay as previously described' with re-
agents supplied by the National Institutes of Health
with LER 907 as the reference preparation. The sen-
sitivity of the LH assay was 6 ng/ml, with intrassay and
interassay coefficients of variation of 5.5% and 8.4%,
respectively.

Serum progesterone was measured by radioimmu-
noassay with reagents supplied by Diagnostic Products
Corp. (Los Angeles). This assay had a cross-reactivity
of 0.3% with 17-hydroxyprogesterone and <0.01%
with testosterone, estradiol, pregnenolone, and cortisol.
The assay sensitivity was 0.5 ng/ml, and intraassay and
interassay coefficients of variation were 9% and 12%,
respectively.

Statistics. Luteal phase length in this study was de-
fined as the number of days that occurred subsequent
to the LH surge (peak LH value, day 0) and before the
next menstrual period. Integrated progesterone values
were calculated for each subject’s luteal phase by adding
the daily serum progesterone levels together beginning
with the day of the LH surge; they are expressed as
nanograms per milliliter per day.

For each subject there were 73 LH data points from
the early follicular phase admissions in study cycles two
and three. The following pulse parameters were cal-
culated for LH: frequency, amplitude, and mean level.
An adaptive threshold method (DC3) was used to de-
termine the frequency and amplitude of pulses as pre-
viously described.*

Each volunteer served as her own control. Compar-

isons were made between study cycles with the paired
Student ¢ test for luteal length, integrated progester-
one, and pulse parameters. The data are presented as
mean + SEM unless otherwise indicated. A p value
=0.05 was considered significant.

Resuits

A decrease in serum progesterone levels in cycle two
that simulated luteal phase deficiency was a require-
ment of this study. Thus mean integrated progesterone
levels over the luteal phase decreased from 136.9 +
12.9 to 80.7 = 7.2 ng/ml per day between the con-
trol and treatment cycles (Fig. 2). Not unexpectedly,
mean luteal phase length also decreased from 13.7 =
0.6 to 11.2 = 0.8 days (p < 0.01) between the control
and treated cycles (Fig. 2). Therefore a luteal phase
deficiency—like condition was successfully induced in
these normal women.

The posttreatment cycle was carefully examined to
ascertain whether this luteal phase deficiency state had
a carry-over effect(s) into the subsequent cycle. The LH
pulse pattern in the early follicular phase of the post-
treatment cycle was compared with the pattern before
treatment. A representative pair of early follicular LH
secretion patterns from a particular volunteer are il-
lustrated in Fig. 3. Both patterns appear to represent
normal early follicular LH secretion. In fact, when the
LH secretory parameters were compared for the entire
group, there were no differences in frequency, ampli-
tude, or mean level between the control and posttreat-
ment sampling intervals (Table I).

In terms of luteal phase length and serum proges-
terone levels, the posttreatment cycle was similar to the
control cycle. There was a tendency toward a decreased
mean luteal phase length (12.7 = 0.6 vs 13.7 + 0.6
days, respectively, p = 0.08, Fig. 2). However, the mean
integrated serum progesterone levels were nearly iden-
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Fig. 2. Corpus luteum function in each of the three cycles is
illustrated. Luteal phase deficiency was successfully induced
in the treatment (Rx) cycle.

tical at 130.5 = 11.3 vs 136.9 = 12.9 ng/ml per day,
p = 0.5 (Fig. 2). Therefore there was no evidence of a
luteal phase deficiency-like condition in the posttreat-
ment cycle,

Comment

Luteal phase deficiency is both a controversial and a
diverse disorder with a number of investigators debat-
ing whether it actually occurs. It certainly does exist
because it has been well documented in many different
settings: post menarchal'; premenopausal'®; post par-
tum'®; with strenuous exercise'’; with dieting'®; and in
“normal” women who volunteer as control subjects.'®*
It can be induced by interfering with folliculogenesis,”'
luteal phase luteinizing hormone suppression,” or a
supraphysiologic early follicular LH pulse frequency."
Therefore the relevant question is not whether it exists,
but does it occur regularly in some women and thereby
cause infertility or recurrent abortions? The latter ques-
tion remains controversial, primarily because there is
not a simple effective test to determine whether luteal
phase deficiency is present in the clinical setting.” It is
our considered opinion that luteal phase deficiency is
a primary cause of infertility and habitual abortion in
5% to 10% of a population referred for subspecialty
care.

Luteal phase deficiency consists of either decreased
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Fig. 3. The LH secretory pattern over 12 hours is illustrated
for subject B in the early follicular phase of the control and
posttreatment cycles. Secretory episodes (pulses) are indicated
with a plus sign.

corpus luteum function (inadequate secretion of pro-
gesterone, estradiol, and inhibin) or an insufficient hor-
monal effect at the level of the endometrium. Whereas
considerable research attention has been directed at
insufficient end-organ response in luteal phase defi-
ciency, very little consistent evidence has come forth.”
Therefore in both the research and clinical setting, lu-
teal phase deficiency as we understand it today can
primarily be characterized as inadequate hormonal se-
cretion. Many reasons for inadequate hormonal secre-
tion by the corpus luteum have been proposed: (1)
inadequate follicular development, (2) a dysfunctional
LH surge, (3) insufficient LH support of the corpus
luteum in the luteal phase, (4) endogenous corpus lu-
teum defect(s) that preclude adequate function, and (5)
premature or excessive luteolysis.

There has been a relative paucity of studies that have
investigated the pathogenesis of spontaneous luteal
phase deficiency in women, especially with regard to
endogenous defects in the corpus luteum itself. There
are good indications that interference with folliculo-
genesis can lead to luteal phase deficiency?’ and ab-
normal follicular phase follicle-stimulating hormone
(FSH) levels have been reported in luteal phase defi-
ciency.' **** However, we were not able to find any
abnormalities in FSH levels, follicle size, or estradiol
levels in an in-depth study of 10 women with sponta-
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Table I. LH secretory parameters in the early follicular phase

LH pulses LH pulse amplitude Mean LH
Cycle Subject (No. per 12 hr)* (ng/ml)f (ng/mi)t
Control
A 9 12.9 25.3
B 13 8.7 26.0
C 6 14.8 20.4
D 10 58 11.4
E 8 11.0 15.1
F 11 12.6 18.5
Mean = SEM 95+ 1.0 11.0 = 1.3 194 = 2.3
Posttreatment
A 10 16.1 31.3
B 10 12.8 31.3
C 6 20.1 24.9
D 12 8.2 15.9
E 10 7.2 13.7
F 12 7.3 16.0
Mean = SEM 10.0 = 0.9 120 = 2.2 222 + 33
*» = 0.5.
ip = 0.6.
ip = 0.1.

neous luteal phase deficiency.® That study did find de-
ficiencies in the LH surge and in the LH support of
the corpus luteum. We believe this lack of hormonal
stimulus to the corpus luteum is a major component of
the pathophysiology of luteal phase deficiency. In ad-
dition, two further pieces of evidence led us to focus
on the neuroendocrine component (GnRH pulse gen-
erator) as the basis for luteal phase deficiency in most
women with this condition. First, we have quite consis-
tently found a significant increase in LH pulse fre-
quency (with the expected decrease in LH pulse am-
plitude) in the early follicular phase of luteal phase
deficiency cycles.® Other investigators have found ab-
normalities (both rapid and slow) in early follicular LH
pulse frequency in luteal phase deficiency as well.* *
Second, we were able to induce significantly decreased
luteal phase levels of progesterone and bioactive LH in
normal women by means of a supraphysiologic LH
pulse frequency in the follicular phase." Therefore it
appeared to us that investigating the altered GnRH
pulse generator in the follicular phase might be the key
to understanding the pathophysiology of luteal phase
deficiency.

One possible cause of the increased secretory rate of
LH in luteal phase deficiency could be the low proges-
terone levels in the prior luteal phase. Progesterone is
known to modulate (slow) the GnRH pulse generator,’
thus too little progesterone could lead to a premature
and excessive increase in LH secretion and, potentially,
luteal phase deficiency in the next cycle. This study
found no compelling evidence that luteal phase defi-
ciency perpetuates itself into subsequent cycles. The
lack of decreased progesterone secretion was to be ex-
pected after induced luteal phase deficiency when no

changes in the LH secretory pattern in the early follic-
ular phase occurred. It now becomes necessary to look
at other modulators of the GnRH pulse generator to
understand the alterations in early follicular LH secre-
tion and the pathophysiology of luteal phase deficiency.
There are many examples of suprahypothalamic influ-
ences on the GnRH pulse generator that have profound
effects on the menstrual cycle. Conditions such as an-
orexia nervosa,” hypothalamic amenorrhea,” heavy
exercise,” and dieting™ all have in common either psy-
chological or physical stress, abnormal gonadotropin
secretion patterns, and menstrual dysfunction. We pos-
tulate that luteal phase deficiency as a mild and subtle
form of menstrual dysfunction commonly occurs be-
cause of stress-induced alterations in the GnRH pulse
generator, mediated by neurotransmitters.

We gratefully acknowledge the laboratory assistance
of Dorothy McGuinness, Florida Flor, and Arlen Sar-
kissians; the illustration assistance of Jan Hamanishi
and Patrick Clarke; the data analysis of Dawn
McCracken; and the editorial assistance of Nancy
Cohen.
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Discussion
DRr. Isaac ScHIFF, Boston, Massachusetts. Dr. Soules
is clearly a leader in the field of luteal phase deficiency.
His solid and important research has furthered our
knowledge of the subject since Dr. Georgeanna Seegar -
Jones first described the condition over 40 years ago.
Luteal phase deficiency was defined as the unusual con-
dition in which the endometrium was greater than 2
days out of phase as documented by endometrial sam-
pling. The treatment that was suggested was proges-
terone supplementation. Numerous studies that indi-
cate the beneficial results of progesterone therapy for
luteal phase deficiency, when traditionally diagnosed
with a biopsy specimen, constitute provocative evidence
for this disorder being a cause of reproductive failure.
I read Dr. Soules’ article with great interest and in
the brief time allowed me here I would like to formulate
my comments on it in a number of questions—it being .
true that every scientific article of significance raises as
many questions as it answers.
His protocol asked whether normal women can with- -
stand an assault on their hypothalamic pituitary go-
nadal axis by internally adapting and resetting the pulse .
generator. The answer to the posed question was clearly
no. There was no evidence of induction of a luteal
phase deficiency—like condition. Perhaps some persons
are more susceptible to hypothalamic pituitary gonadal
axis perturbations than are othqrs. Is it true that most
persons with some stress or external stimuli can adapt:
and reorganize the hypothalamic pituitary gonadal axi
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for the next menstrual cycle and therefore resist the
tendency of luteal phase deficiency to develop? Is it
true that others cannot because of some defect of the
hypothalamic pituitary gonadal axis that, although sub-
tle, is serious enough to produce luteal phase defi-
ciency? One could thus obtain different data if more
patients were studied or if an infertile group of women
were so examined. After all, the authors state that luteal
phase deficiency can be a phenomenon that occurs spo-
radically in normal women. On this same matter, how
long do the effects of alteration in progesterone persist
to control gonadotropin secretion?

In his article, Dr. Soules stresses the LH pulsations
as an explanation for luteal phase deficiency. Given the
unfair advantage of hindsight and being cognizant of
the negative results, one might ask whether there is too
much emphasis on LH. According to the work of
Hutchison, the corpus luteum can be maintained with
infrequent pulses of GnRH (hence LH) during the lu-
teal phase, but its usual duration cannot be extended
with physiologic doses. And indeed other factors such
as prostaglandins may be operative. High levels of LH
in the follicular phase may induce multiple folliculo-
genesis, and the increase in estrogens from these fol-
licles could produce premature luteinization and the
corpus luteum defect. Could, then, the addition of LH
in the luteal phase prevent luteal phase deficiency? Fi-
nally, if LH is that critical then it implies that the hy-
pothalamus pituitary-luteal axis is homeostatic, as are
other pituitary target organs. I think that this is not the
case, and it is a good thing too, because then the pi-
tuitary would always be trying to rescue the corpus
luteum at the end of each nonconception cycle.

Some authors believe that luteal phase deficiency
might be induced by an alteration in FSH levels in the
follicular phase. Dr. Soules, did you happen to measure
FSH, and if so, did you find a difference?

In the day-to-day clinical situation, many physicians
do not have access to Dr. Soules’ laboratory expertise,
and they are compelled to rely on results of endometrial
biopsies. Given their well-known drawbacks, 1 wonder
whether in carrying out his study Dr. Soules performed
any biopsies?

To induce experimentally the condition of corpus lu-
teum defect, the investigators used a GnRH antagonist.
The procedure, as the authors acknowledge, shortens
the luteal phase. The short luteal phase might itself be
only one type of corpus luteum defect. A further reach-
ing study design would have called for a luteal phase
of 12 to 14 days’ duration and an integrated proges-
terone level that is decreased. I welcome Dr. Soules’
suggestions on this point.

Perhaps there is another conceptual framework for
the model of the self-perpetuating nature of luteal
phase deficiency. If we assume that the following state-
ments are more or less basic observations: (1) proges-
terone in nonconception cycles declines at some point
and (2) the pulse generator does not count the days
from the LH surge and it does not act differently when
luteolysis occurs early, inasmuch as it always has to re-
cover from a fall in progesterone to renew the state of
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estrus, I wonder whether Dr. Soules would comment
about a classic homeostatically oriented hypothesis that
would theorize that follicular recruitment and subse-
quent luteal function would if anything be more robust
after a short, insufficient luteal phase.

In summary, Dr. Soules has achieved remarkable re-
sults in the delineation of luteal phase deficiency. His
careful, meticulous studies led him to reason that de-
creased progesterone in the luteal phase might alter
LH pulsatile secretion in the subsequent follicular
phase. The idea constituted a brilliant attempt to con-
solidate a pathophysiologic vision about a difficult ques-
tion in a single study. Unfortunately, this did not turn
out to be the case. Therefore decreased progesterone
production in one cycle does not lead to recurrent luteal
phase defects in normal women, implying important
evidence that supports the complex cause of this syn-
drome. Thus we will await with great expectations his
follow-up studies that may shed further light on the
matter.

REFERENCES

1. Filicori M. Maintenance of the corpus luteum of the men-
strual cycle: hypothalamo-pituitary-ovarian axis. Semin Re-
prod Endocrinol 1990;8:115-21.

2. Auletta FJ], Schofield M], Abae M. The mechanisms con-
trolling luteolysis in non-human primates and women.
Semin Reprod Endocrinol 1990;8:122-9.

3. Gibson M. Clinical evaluation of luteal function. Semin Re-
prod Endocrinol 1990;8:130-41.

DR. JAMES SCHREIBER, Chicago, Hlinois. The hy-
pothesis was that low progesterone would set off the
next cycle to make it short. I was curious whether an-
other way to approach this would be to use an anti-
progestin such as RU 486, mifepristone, and block pro-
gesterone directly rather than perturbing centrally with
the GnRH antagonist.

Dr. DaNiEL H. Rippick, Burlington, Vermont. I
wonder whether you have looked at the converse of
your experimental design. Have you taken women with
luteal phase deficiency and supplemented the proges-
terone to normal levels in a deficient cycle and then
studied the subsequent cycle with no treatment in those
women?

DRr. Soutks (Closing). I thank Dr. Schiff for a very
thorough review of the article and his thoughtful ques-
tions.

The first question was in regard to the time course
of effect of altering progesterone on LH secretion. The
LH pulse generator (the gonadotropin generator) ac-
celerates when progesterone is not present. On the basis
of our studies and the literature, when progesterone
levels decrease in the midluteal to late luteal phase, the
LH pulse generator speeds up. The increase in the LH
secretory takes place over 2 to 4 days.

He brought up a good point: we did not necessarily
prove the null hypothesis by studying only six women.
We could have studied more women and found that
our hypothesis was actually true or we could have stud-
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ied more susceptible women (e.g., infertile women) and
may have found that our hypothesis was true. That is
a good criticism. However, I happen to doubt that the
study of more or different subjects would have changed
our findings because we did not even see a trend in
our data toward luteal phase deficiency in the men-
strual cycles after induced luteolysis.

Dr. Schiff asked whether addition of LH in the luteal
phase could prevent luteal phase deficiency. Yes, I be-
lieve it can. In fact, human chorionic gonadotropin
supplementation is an acceptable therapy for luteal
phase deficiency. It is not used very often; but in my
experience, human chorionic gonadotropin does work.

The fourth question was provocative in regard to the
pituitary and whether it had a homeostatic relationship
with the ovary. His example was the pituitary-thyroid
axis wherein the pituitary does everything it can to keep
the end organ functioning when it fails. I think the
pituitary ovarian axis functions in the same manner. In
the late luteal phase when there is the normal decrease
in progesterone, the gonadotropin pulse generator ac-
celerates with a corresponding increase in the mean
levels of LH and FSH. The hypothalamic pituitary unit
1s trying to rescue the corpus luteum, but the corpus lu-
teum remains resistant. Therefore the pituitary does
act in its usual homeostatic manner with the ovary as
well.

The next question was whether we measured FSH
in these particular patients. The answer is no, but I
would like to allude to our 1989 study in which we
intensively studied 10 women with spontaneous luteal
phase deficiency. In that study, we looked at FSH every
way we could to determine whether there were any
changes in FSH. We looked at immunoactive FSH,
bioactive FSH, follicular size, and estradiol levels. In
these infertile women with spontaneous luteal phase
deficiency, we could not find any evidence that abnor-
malities in FSH or follicular development were a part
of the pathogenesis of luteal phase deficiency. However,
it is clear in the literature that altering FSH or follicular
development can cause luteal phase defect.

The next question was with regard to biospies. No,
we did not obtain endometrial biopsy specimens be-
cause we think the integrated progesterone level pro-
vides a much more accurate diagnosis of luteal phase
deficiency.

Dr. Schiff’s next question was whether we could have
induced a different type of luteal phase deficiency (low
progesterone levels but with normal luteal length). This
is the most common pattern we see in spontaneous
luteal phase deficiency. It would have been nice to in-
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duce this pattern, but our experience with the Nal-Glu
GnRH antagonist is that you can not be that precise.
In fact, we experienced the opposite problem of luteo-
lysis being induced too quickly, wherein we dropped
the bottom out of the corpus luteum immediately in
some dose studies that preceded this study. So I think
more prolonged luteolysis would have been a nice study
design, but this was beyond the capabilities of our study
drug.

The next question concerned our hypothesis. Dr.
Schiff theorized that if you suppressed the corpus lu-
teumn, you could give the follicular phase more time to
develop and may see a more robust ovarian response
in the next cycle. That is an interesting alternative hy-
pothesis. The natural response of the hypothalamic-
pituitary unit to decreased levels of progesterone is to
raise circulating levels of LH and FSH that promote
follicular development in the ensuing cycle. In for-
mulating our hypothesis we reasoned that if the hy-
pothalamus were exposed to less progesterone over a
shorter period of time, we could find a supraphysiologic
acceleration in the LH secretion pattern. In our re-
search experience wherein we induced a supraphysi-
ologic LH secretion pattern we induced luteal phase
deficiency. Furthermore, I am not aware of a natural
{(physiologic) gonadotropin secretion pattern that leads
to healthier, more robust follicles. We expected to find
either inadequate or normal follicular development in
response to luteolysis and we found the latter. It would
have been fascinating to have found a more robust
subsequent cycle but that was a less plausible hypothesis
based on our knowledge of ovarian physiology and our
research experience.

Dr. Schreiber asked about a different study design,
wherein the effect on the next cycle could be examined
after a partially blocking progesterone feedback effect
on the hypothalamic-pituitary unit with the progester-
one antagonist RU 486. At one time, we considered the
use of RU 486 for this purpose but decided against it
because we could think of no way to monitor whether
we induced a complete or partial block. To mimic luteal
phase deficiency only a partial progesterone block at
the hypothalamus-pituitary is necessary.

Finally, Dr. Riddick asked whether we have treated
women with luteal phase deficiency with progesterone
to determine whether the pulse pattern is normal in
the subsequent follicular phase. This proposed study
is a logical corollary to the study I just presented and
we plan to start the very study Dr. Riddick has proposed
within the next year.
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