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Luteal phase deficiency is usually a problem of inadequate
progesterone production associated with inadequate ovarian
follicular development. The hypothesis that luteal phase
deficiency results from an abnormal secretion pattern of
luteinizing hormone (LH) was tested in these women. To
this end, the early follicular LH secretion pattern in four
women with luteal phase deficiency was characterized and
compared with patterns in normal women. Blood samples
were obtained through indwelling catheters€very ten min-
utes for eight hours (10 aAM to 6 pM), and plasma levels of LH
and FSH were measured. Luteinizing hormone and FSH
secretion profiles were analyzed for pulse frequency, ampli-
tude, and mean plasma level. A significantly greater LH
pulse frequency in women with luteal phase deficiency was
observed when compared with the frequency in normal
controls (luteal phase deficiency, 10.5 pulses/eight hours;
normal, 5.2 pulses/eight hours; P < .05). The mean FSH
concentration was less in the wormen with luteal phase
deficiency, but the level was not significant. These data
suggest that the abnormal LH secretion pattern observed in
women with luteal phase deficiency is responsible for their
inadequate luteal phase progesterone secretion and their
infertility. (Obstet Gynecol 63:626, 1984)

Normal function of the corpus luteum is dependent
upon the proper ripening of the preovulatory follicle,’
which is directed by a precise patterning of gonadotro-
pin signals emanating from the pituitary gland.? Inade-
quate progesterone secretion or luteal phase deficiency
is a cause of infertility and habitual abortion in the
clinical setting.? Several studies have noted abnormal
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concentrations of baseline (daily samples) gonadotro-
pins in the follicular phase of women with luteal phase
deficiency.*” In this study, the pattern of gonadotro-
pin secretion in the early follicular phase in women
with luteal phase deficiency was investigated and
compared with the pattern observed in normal women.

Methods

The subjects were four infertile women with luteal
phase deficiency as diagnosed by results of out-of-
phase endometrial biopsy specimens in two separate
menstrual cycles. The biopsy specimens were read
according to the criteria of Noyes et al,® and all were
more than two days out-of-phase when correlated with
the next menstrual period. Table 1 lists pertinent
details regarding these patients. Table 2 provides de-
tails regarding endometrial biopsies. Prolactin levels in
these women were normal to slightly elevated (Table
1). As estimated from basal body temperature charts,
the lengths of the follicular phase, the luteal phase,
and the total cycle were normal in three of the four
patients (Table 1). Each patient was admitted for pulse
studies in the early follicular phase (cycle days 4 to 6) of
the menstrual cycle, after the second biopsy and before
any therapy. The serum estradiol value of 115 on cycle
day 6 in patient D was an upper normal value for this
laboratory in the early follicular phase. Endometrial
biopsies were not performed in the pulse study cycles.
Each patient subsequently demonstrated an in-phase
endometrial biopsy after progesterone therapy was
administered in the luteal phase; two of the patients
have subsequently been placed on bromocriptine, as
well, for failure to conceive.

During each early follicular phase admission, blood
samples were obtained every ten minutes for eight
hours (10 am to 6 pM) through an indwelling intrave-
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Table 1. Luteal Phase Deficiency Patients

Early
Average cycle length (days) follicular
cycle E,' at ad-
Gravidity/ Prolactin Follicular Luteal day mittance
Patient Age parity % IBW* (ng/mL) phase phase Total studied (pg/mL)
A 35 33 97.7 23 14 9 23 4 60
B 2 0/0 98.8 16 18 13 31 5 50
C 35 0/0 94.3 15, 34 15 15 30 6 60
D 31 0/0 91.3 22, 16, 37 16 15 "31 6 115

* Ideal body weight (according to Metropolitan Life Tables, 1957).
T E; = estradiol.

nous line. Blood samples were analyzed for plasma
concentrations of LH and FSH with the use of a double
antibody radioimmunoassay technique, as modified
from the original procedure described by Midgley.”*
Standard National Institutes of Health reagents were
used, and results are expressed in nanograms per
milliliter as per the LER-907 reference preparation. The
sensitivity of the LH assay was 6 ng/mL; intra- and
interassay coefficients of variation were 5.5 and 8.4%,
respectively. The sensitivity of the FSH assay was 25
ng/mL; intra- and interassay coefficients of variation
were 7.3 and 9.7%, respectively.

Pulsatile LH patterns were analyzed, using a modifi-
cation of the method of Santen and Bardin.® For each
sample set, the measurement error was assessed based
on replicate variability. A “pulse’”” was defined as an
increase from nadir to peak that was two standard
deviations greater than assay variability. Statistical
comparisons between the normal women (N = 5) and
those with luteal phase deficiency were made by the
Mann-Whitney U test.

Gonadotropin data from the same eight-hour time

Table 2. Results of Endometrial Biopsies of Patients With
Luteal Phase Deficiency
No. of
days Succes-
Cycle biopsy sive cy-
day of Cydle out-of- cles
Patient biopsy length phase biopsied
A
First biopsy 21 22 3 No
Second biopsy 23 24 4
B ,
First biopsy 28 31 3 Yes
Second biopsy 29 30 4
C
First biopsy 26 27 3 No
Second biopsy 26 27 4
D
First biogsy 24 33 3 Yes
Second biopsy 30 31 3
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segments in the early follicular phase (10 am to 6 pMm)
used in the luteal phase deficiency study patients were
extracted and analyzed from 24-hour studies per-
formed in normal controls.’® Pertinent information
regarding the five control women include age range 24
to 34 years (somewhat younger than the study pa-
tients), within five percent of ideal body weight (ac-
cording to 1957 Metropolitan Life Tables); average
cycle length 27 to 31 days; demonstrated a normal
luteal phase progesterone secretion curve (did not
have endometrial biopsies performed); and were ad-
mitted for early follicular pulse studies on or between
cycle days 4 to 6 (mean = —11.6 = 1.1 days from LH
surge). This early follicular control gonadotropin data
had been collected at a 20-minute sampling interval
with four hours of superimposed ten-minute sam-
pling. There was no difference in either LH or FSH
puise number between the ten- and 20-minute data
base when this four-hour segment was subjected to
pulse analysis. Comparable pulse analysis of simulta-
neous ten-minute versus 20-minute segments of LH
data from normals in the late follicular phase also
demonstrated no differences between them.'® These
findings indicate that the 20-minute sampling interval
in normal controls was of sufficient frequency to accu-
rately describe patterns of pulsatile secretion.

Results

Women with luteal phase deficiency displayed a signif-
icantly greater LH pulse frequency when compared
with normal women (10.5 versus 5.2 pulsesfeight
hours; P = .05) (Figure 1). Extrapolated to 24 hours,
the luteal phase deficiency patients would have 31.5
LH pulses/day contrasted with 15.6 daily LH pulses in
normals. Patients with luteal phase deficiency also
demonstrated a lower LH pulse amplitude when com-
pared with normal controls (11.2 versus 12.3 ng/mL),
but this difference was not statistically significant (Fig-
ure 1). The mean LH level over the eight-hour period
was roughly equivalent in the two groups (36.0 = 4.9
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Figure 1. Bar graphs present comparative (mean = SEM) LH and
FSH pulse data for normal women (N = 5, 20-minute sampling
interval) versus women with luteal phase deficiency (N = 4, ten-
minute sampling interval). Open bars = normal control subjects.
Shaded bars = luteal phase deficiency.
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versus 33.1 * 8.2 ng/mL); the mean FSH level was
lower, again not significantly (P = .10), in the patients
with luteal phase deficiency (133.3 = 9.9 versus 159.7
* 10.5 ng/mL) (Figure 1). Representative LH pulsatile
patterns from a patient with luteal phase deficiency
and from a normal woman are presented in Figure 2.

Discussion

Luteal phase deficiency has been clearly described in
the research setting by decreased progesterone con-
centrations in multiple blood samples obtained in the
luteal phase.*?® The diagnosis of luteal phase deficien-
cy in the clinical setting has been more controversial
(daily blood samples for progesterone are impractical
in the clinical setting). The controversy stems primarily
from the use of various diagnostic techniques, includ-
ing basal body temperature charts, single and multiple
serum progesterone levels, and endometrial biopsies.
The sensitivity and accuracy of these clinical tests have
not been well established. Endometrial biopsy current-
ly appears to be the best clinical method by which to
diagnose luteal phase deficiency.!' Out-of-phase luteal
endometrial biopsies have been correlated with de-
creased progesterone secretion,'? but more studies
need to be done. The patients in this study were
diagnosed as having luteal phase deficiency by endo-
metrial biopsy criteria alone; luteal serum progesterone
levels were not determined in these women.

A growing body of experimental evidence implicates
inadequate preovulatory follicular development in the
pathogenesis of luteal phase deficiency. Strott et al*
first noted a significant decrease in the FSH/LH ratio in
the follicular phase of women with spontaneous luteal
phase deficiency. In a similar study, Sherman and
Korenman® found decreases in follicular phase base-
line plasma FSH and estradiol levels in women with
spontaneous luteal phase deficiency. In both of these
studies, baseline plasma LH levels and the midcycle
LH peak were normal. These reports on the endocrine
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pathology associated with luteal phase deficiency were
published in the mid-1970s and were soon extended by
important nonhuman primate studies. The existence of
spontaneous luteal phase deficiency in the rhesus
monkey was first reported by Wilks and colleagues.'?
They found significant changes in the preovulatory
FSH/LH ratio and decreased follicular phase plasma
estradiol levels in rhesus monkeys with this condition.
Work by Stouffer and Hodgen'* corroborated the con-
cept of preovulatory determination of corpus luteum
function. By inducing transient early follicular de-
creases in baseline FSH with the administration of
porcine follicular fluid to rhesus monkeys, they were
able to effect decreases in follicular phase estradiol and
luteal phase progesterone production.' In an exten-
sion of Stouffer’s study, diZerega and Hodgen' report-
ed that porcine follicular fluid-induced luteal phase
deficiency in rhesus monkeys could be partially re-
versed with human menopausal gonadotropins. A
recent study by Sheehan and Yen' reported that
women given a potent luteinizing hormone-releasing
hormone agonist early in the follicular phase of sponta-
neous menstrual cycles have decreased follicular FSH
and estradiol, followed by short luteal phase.15 These
studies argue for preovulatory gonadotropin abnor-
malities (primarily, decreased FSH) as a pathophysio-
logic basis of luteal phase deficiency.

There are well-described changes in the LH secre-
tory (pulsatile) patterns over the course of the human
menstrual cycle.'®'” Likewise, there are well-known
changes in baseline LH and FSH throughout the men-
strual cycle. Recent studies in rhesus monkeys show
that luteinizing hormone-releasing hormone pulse fre-
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Figure 2. The LH secretory pattern in the early follicular phase in a
normal woman (five pulses) and a woman with luteal phase deficien-
¢y (nine pulses) at 20-minute and ten-minute sampling intervals,
respectively.
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quency can influence the LH/FSH secretion ratio, dem-
onstrating that a decrease in the luteinizing hormone-
releasing hormone pulse frequency may cause a
selective increase in baseline FSH levels over that of
LH; conversely, an increase in the luteinizing hor-
mone-releasing hormone’s pulse frequency leads to a
decrease in baseline FSH.'® Lincoln and Short'® have
also reported that changes in luteinizing hormone-
releasing hormone pulse frequency and amplitude can
differentially regulate baseline LH and FSH levels in
the ram. Inferences drawn from these studies led to
the hypothesis that the decrease in baseline FSH in the
follicular phase in women with luteal phase deficiency
would be associated with a relatively higher LH pulse
frequency in the early follicular phase of women with
luteal phase deficiency compared with normal women;
the results provide evidence to support this hypothe-
sis. The gonadotropin secretory pattern associated
with luteal phase deficiency in other phases of the
menstrual cycle needs to be carefully investigated.
Significantly decreased mean plasma FSH levels dur-
ing the early follicular phase of these four women with
luteal phase deficiency were not observed. Previous
reports*® suggest that, in women with luteal phase
deficiency, plasma FSH levels are lower thah controls,
most notably in the middle and late follicular phases—
phases not studied in the present work.

It has recently been demonstrated that progesterone
is responsible for the decrease in LH pulse frequency
in the luteal phase.'® Based on the assumption that
luteal phase deficiency, as diagnosed by endometrial
biopsy, is associated with inadequate progesterone
secretion, two hypotheses, not mutually exclusive,
could account for the difference in LH pulse pattern
between normal women and those with luteal phase
deficiency. On the one hand, inadequate progesterone
production in luteal phase deficiency may be responsi-
ble for the increased LH pulse rate in the early follicu-
lar phase, with the problem perpetuating itself in the
subsequent early follicular phase, after the decrease in
progesterone in the preceding luteal phase. On the
other hand, a primary disturbance in the luteinizing
hormone-releasing hormone pulse generator, leading
to an increased LH pulse frequency (and, consequent-
ly, decreased baseline FSH levels), could be the cause
of luteal phase deficiency. Further study will be re-
quired to clarify the relative importance of these, and
possibly other, mechanisms in the etiology of luteal
phase deficiency.

References

1. diZerega GS, Hodgen GD: Luteal phase dysfunction infertility: A
sequel to aberrant folliculogenesis. Fertil Steril 35:489, 1981

VOL. 63, NO. 5, MAY 1984

2. Armstrong DT, Goff AK, Dorrington JH: Ovarian Follicular
Development and Function. New York, Raven Press, 1979, p 169
3. Andrews WC: Luteal phase defects. Fertil Steril 32:501, 1979
4. Strott CA, Cargille CM, Ross GT, et al: The short luteal phase. ]
Clin Endocrinol Metab 30:246, 1970
5. Sherman BM, Korenman SG: Measurement of plasma LH, FSH,
estradiol and progesterone in disorders of the human menstrual
cycle: The short luteal phase. ] Clin Endocrinol Metab 38:89, 1974
6. Noyes RW, Hertig A,- Rock J: Dating the endometrial biopsy.
Fertil Steril 1:3, 1950
7. Midgley AR: Radioimmunoassay: A method for human chorionic
gonadotropin and human luteinizing hormone. Endocrinology
79:10, 1966
8. Bremner W], Matsumoto AM, Sussman A, et al: Follicle-stimulat-
ing hormone and human spermatogenesis. ] Clin Invest 68:1044,
1981
9. Santen RJ, Bardin CW: Episodic luteinizing hormone secretion in
man: Pulse analysis, clinical interpretation, physiologic mecha-
nisms. | Clin Invest 52:2617, 1973
10. Soules MR, Steiner RA, Clifton DK, et al: Progesterone modula-
tion of pulsatile luteinizing hormone secretion in normal women.
J Clin Endocrinol Metab 58:378, 1984
11. Andrews WC: Luteal phase defects. Fertil Steril 32:501, 1979
12. Jones GS, Aksel S, Wentz AC: Serum progesterone values in the
luteal phase defects: Effects of chorionic gonadotropin. Obstet
Gynecol 44:26, 1974
13. Wilks JW, Hodgen GD, Ross GT: Luteal phase defects in the
rhesus monkey: The significance of serum FSH:LH ratios. ] Clin
Endocrinol Metab 43:1261, 1976
14. Stouffer RL, Hodgen GD: Induction of luteal phase defects in
rhesus monkeys by follicular fluid administration at the onset of
the menstrual cycle. ] Clin Endocrinol Metab 51:669, 1980
15. Sheehan KS, Casper RF, Yen SSC: Luteal phase defects induced
by an agonist of luteinizing hormone-releasing factor: A model
for fertility control. Science 215:170, 1982
16. Midgley AR Jr, Jaffe RB: Regulation of human gonadotropins: X.
Episodic fluctuation of LH during the menstrual cycle. ] Clin
Endocrinol Metab 33:962, 1971
17. Yen SSC, Tsai CC, Naftolin F, et al: Pulsatile patterns of gonado-
tropin release in subjects with and without ovarian failure. J Clin
Endocrinol Metab 34:671, 1972
18. Wildt L, Hausler A, Marshall G, et al: Frequency and amplitude
of gonadotropin-releasing hormone stimulation and gonadotro-
pin secretion in the rhesus monkey. Endocrinology 109:376, 1981
19. Lincoln GA, Short RV: Seasonal breeding: Nature’s contracep-
tive. Rec Prog Horm Res 36:1, 1980

Address reprint requests to:

Michael R. Soules, MD

Department of Obstetrics and Gynecology RH-20
University of Washington

Seattle, WA 98195

Submitted for publication June 21, 1983.
Revised October 24, 1983.
Accepted for publication November 4, 1983.

Copyright © 1984 by The American College of Obstetricians and
Gynecologists.

Soules et al Abnormal LH Patterns in LPD 629



