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Luteal phase deficiency:
What we now know

Disagreement about the cause, true incidence, and diagnostic criteria of this

condition makes evaluation and management difficult. Here, 2 physicians dissect

the data and offer an algorithm of assessment and treatment.

espite scanty and controversial sup-

porting evidence, evaluation of

patients with infertility or recurrent
pregnancy loss for possible luteal phase defi-
ciency (LPD) is firmly established in clinical
practice. In this article, we examine the data
and offer our perspective on the role of LPD
in assessing and managing couples with

reproductive disorders (FIGURE 1).

Many areas of controversy
Ithough observational and retrospective
Astudies have reported a higher incidence of
LPD in women with infertility and recurrent
pregnancy losses than in fertile controls,"* no
prospective study has confirmed these find-
ings. Furthermore, studies have failed to con-
firm the superiority of any particular therapy.
Once considered an important cause of
infertility, LPD has become the subject of
debate, with some experts questioning its very
existence. Unclear terminology describing
this disorder is part of the problem, making it
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difficult to definitively diagnose the deficien-
cy or determine its incidence. Further, while
reasonable consensus exists that endometrial
biopsy is the most reliable diagnostic tool,
concerns remain about its timing, repetition,
and interpretation.

A defect of corpus luteum
progesterone output?

PD is defined as endometrial histology
Linconsistent with the chronological date of
the menstrual cycle, based on the woman’s

{ )KEY POINTS

= Luteal phase deficiency (LPD), defined as
endometrial histology inconsistent with the
chronological date of the menstrual cycle, may be
caused by deficient progesterone secretion from
the corpus luteum or failure of the endometrium
to respond appropriately to ovarian steroids.

= Wide variation in the reported incidence of LPD—
3.7% to 20% in infertile women—reflects lack of
agreement about its diagnostic criteria.

= Histologic dating of an endometrial sample is the
gold standard for evaluation of the corpus luteum.

= Two main treatment strategies have been
suggested: improving follicular dynamics using
follicle-maturing drugs such as clomiphene, and
use of supplemental progesterone during the
luteal phase and first trimester of pregnancy.
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FIGURE 1

Diagnosis and treatment of luteal phase deficiency

of the corpus luteum
steroidogenic function.

Normal embryonic

Infertility

¥

Luteal phase length*

implantation depends on a
properly functioning luteal
phase, which, in turn,
requires optimal secretion
of follicle-stimulating hor-

gonadotropins | _

<12 days 12 to 16 days mone (FSH) and adequate
¥ follicular development dur-
ing the follicular phase.
Measurement of midluteal serum progesterone Oth . t
levels and endometrial stripe by transvaginal ) er reqmren}e.n .s are a
ultrasound satisfactory luteinizing hor-
I mone (LH) surge during
Y Y ovulation and continuous
Progesterone >9. Progesterone tonic LH pulses during the
ng/mL, endometrial <10 ng/mL and/or
stripe =8 mm with endometrial stripe luteal phase of the cycle.
diffuse pattern <8 mm LH secretion from the
Y pituitary occurs in a pul-
Endometrial biopsy satile fashion,” which is
between cycle days essential  for  corpus
24 and 27 . .
luteum function.® During
] y the follicular phase the
v Normal Abnormal in pulse frequency is high,
v V 3 consecutive cycles occurring at a rate of
Clomiphene :
approximately 1 pulse per
or No luteal phase defect ‘ pp yLp P

90 minutes. However, dur-

*In 3 consecutive cycles

next menses. It was first described by Jones in
1949.° One year later, Noyes et al® published
criteria on endometrial dating that became
the gold standard for LPD diagnosis.

Pathophysiology. LPD may be caused by
deficient progesterone secretion from the
corpus luteum or failure of the endometri-
um to respond appropriately to ovarian
steroids (TABLE). Most experts believe LPD
is a defect of corpus luteum progesterone
output—both in amount and duration—
resulting in inadequate stimulation of the
endometrium for implantation of the blas-
tocyst (FIGURE 2).” Thus, the endometrial
histologic pattern is an important bioassay
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ing the luteal phase and

under the influence of

progesterone, the pulse

frequency is significantly
diminished, occurring approximately every
3 to 6 hours, depending on the age of the
corpus luteum.” The corpus luteum is
unresponsive to LH pulses during the early
luteal phase; sensitivity develops about 4 to
6 days after ovulation.””

The luteal phase thus involves creation of
an optimal hormonal environment as well as
adequate endometrial transformation. Alter-
ation of any of the factors that contribute to a
normally functioning corpus luteum may
thus deleteriously affect the endometrium
and embryonic implantation.
Epidemiology. The reported prevalence of
LPD ranges from 3.7% to 20% among patients
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with infertility.'™" When an out-of-phase
endometrium is the diagnostic criterion,
prevalence estimates range from 3.5% to
31%.*" A short luteal phase is thought to
occur in 5% of ovulatory cycles." Some reports
suggest that LPD accounts for 25% to 40% of
recurrent pregnancy losses.”

The wide variation in reported incidence
of LPD reflects the lack of agreement about its
definition and diagnostic criteria. Further,
some studies evaluating prevalence have not
concurrently tested controls—an important
omission since endometrial histology sugges-
tive of LPD occurs in up to 50% of single men-
strual cycles and 25% of sequential cycles."
Thus, the true incidence of the defect may
never be known.

Seeking a reliable diagnostic tool
Ithough significant progress has been
made in recent years, LPD diagnosis is

neither straightforward nor completely accu-

rate. Approaches include measuring the luteal
phase duration, taking basal body temperature

(BBT), and assessing single or multiple serum

progesterone levels, as well as using sono-

graphic imaging and endometrial biopsy.

Luteal phase duration. An abnormally

short luteal phase—defined as less than 10

17,18

days'"*—occurs in approximately 5% of ovu-
latory cycles.” Research has shown such
cycles to have low peak serum progesterone
levels, suggestive of poor corpus luteum func-
tion.” The relationship between an abnor-
mally short luteal phase and infertility is
unclear, however. Smith and colleagues,” for
example, evaluated women with known fer-
tility and women with unexplained infertility
and found the prevalence of a short luteal
phase to be the same in both groups.

Our own practice is to measure luteal
phase parameters in infertile patients. When
the luteal phase is shorter than 12 days, we
usually treat it.

Basal body temperature. A rise in BBT
occurs when

progesterone  production
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Etiology of luteal phase deficiency

FOLLICULAR PHASE EVENTS

Trophic alterations

* Inadequate FSH stimulation
— Increased inhibin

< Alterations in LH secretion

Intrinsic ovarian defects
» Defective granulosa cells
— Decreased inhibin levels

— Decreased follicular phase diameter
— Decreased primordial follicles

Intrinsic endometrial defects
* Inadequate estrogen priming

LUTEAL PHASE EVENTS
Trophic alterations

» Alterations in LH secretion

— Decreased LH surge and luteal levels
— Systemic factors

» Factors acting upon corpus luteum

Intrinsic corpus luteum defects
» Specific cellular defects

— Large and small cell abnormalities
Intrinsic secretory endometrial defect

» Deficient number of progesterone receptors

LUTEAL RESCUE EVENTS
Trophic alterations
» Defective hCG stimulus

Intrinsic corpus luteum defects in early pregnancy
» Defective progesterone synthesis

Intrinsic endometrial defects

FSH = follicle-stimulating hormone, hCG = human chorionic gonadotropin,

LH = luteinizing hormone

increases at midcycle. A rise of approximately
2.5 ng/mL of progesterone will result in a
temperature elevation of nearly I°F
Interpretation of the BBT is based on this
thermogenic shift. Unfortunately, although
BBT may be a sensitive indicator of ovula-
tion, it is a poor indicator of the quality of the
luteal phase. Neither the rate nor the magni-
tude of rise of the postovulatory temperature
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curve correlates with endometrial histology.
Opverall correlation varies between 25%* and
81%.” Further, an abnormal BBT may occur
in 12% of women with normal endometrial
histologic dating.” Because of this lack of
specificity and sensitivity, BBT is not an ade-
quate diagnostic tool.

Measuring progesterone and its
metabolites. Because progesterone is the
principal product of the corpus luteum, its
measurement is clinically indicated to evalu-
ate luteal phase abnormalities. For this rea-
son, serum, urine, and salivary progesterone
determinations are utilized.

Histologic dating of an endometrial

biopsy is considered the gold standard

for corpus luteum evaluation.

Although serum progesterone is widely
used in the diagnosis of LPD, there is no
agreement in the cutoff level for abnormal
assays, the number of assays required for
diagnosis, or the timing of the test. A number
of studies have demonstrated lower proges-
terone levels in women with “out-of-phase”

24,25

endometrial biopsies,”” but others have

noted normal progesterone levels in the pres-
ence of abnormal biopsies.”*

These contradictory findings may be
explained by the episodic release of proges-
terone in response to the slow pulsing of LH
during the luteal phase of the cycle.
Consequently, there are wide and frequent
fluctuations and diurnal variations in proges-
terone secretion. This makes the use of a sin-
gle serum progesterone determination—or
even a series of single serum measure-
ments—unreliable.
= No standard for ‘normal’ progesterone levels.
Researchers generally have determined nor-
mal levels based on the 95% confidence limits
of midluteal progesterone determinations in 2
groups of women: those with unexplained
infertility and those with normal ovulatory
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and conception cycles. However, as men-
tioned earlier, the cutoff level for normal
progesterone is not standard in the literature.
Single midluteal serum values between 2.5
ng/mL and 15 ng/mL have been used by var-
ious investigators to distinguish normal from

abnormal luteal phase levels."*”

Using 95%
Landgren et al” and Olive" considered prog-

confidence intervals,
esterone levels abnormal when they were less
than 5 ng/mL for 5 or more days. In contrast,
Wuttke and colleagues” chose a cutoft of
8 ng/mL, based on the bimodal distribution
of serum progesterone levels in normally ovu-
lating women. In a prospective study evaluat-
ing midluteal progesterone levels in the cycle
of conception, Hull et al’ found values of
10 ng/mL or more in 21 successful singleton
conceptions; as a result, they proposed that
such levels in the midluteal phase be consid-
ered indicative of normal luteal function.
= A range of sampling intervals proposed.
To reduce the false-positive rate of a single
measurement, Wuttke et al” suggested 2 or 3
blood samples within 3 hours, since low prog-
esterone levels are often observed prior to the
occurrence of an LH pulse. Thus, the proba-
bility is high that within 3 consecutive hours
an LH episode will have stimulated luteal
progesterone secretion into the normal range.
This approach has not been evaluated clini-
cally. Moreover, it is likely to be time-con-
suming and inconvenient for the patient.
Other investigators have proposed using
abnormal progesterone levels in 3 successive
cycles as indicative of LPD. The sum of 3
progesterone levels measured every other day
during the midluteal phase also has been sug-
gested, with totals of less than 15 ng/mL
indicative of LPD.” Integrated progesterone
measurement based on daily levels, utilizing
area under the curve and representing the
cumulative amount of progesterone in the
circulation, may be the most reliable criterion
for evaluation of LPD.” Unfortunately, it is
impractical and time-consuming, and thus
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FIGURE 2

Luteal phase deficiency
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FSH = follicle-stimulating hormone; LH = luteinizing hormone

Blastocyst

Deficient progestrone output
from corpus luteum—resulting
in inadequate stimulation of
endometrium for blastocyst
implantation.

cannot be used for clinical purposes.

Without urinary LH determination,
appropriate timing for a midluteal phase
serum progesterone assay may be difficult to
ascertain. The length of the luteal phase
ranges from 11 to 16 days in 95% of normal-
ly ovulating women. Therefore, even with a
well-defined LH surge, the midluteal phase
may vary considerably.” For this reason, it
has been suggested that measurement of
progesterone in the late luteal phase has
greater sensitivity and specificity than mid-
luteal levels.™

In our practice, we seldom rely on serum
progesterone alone. Indeed, if luteal phase
deficiency is strongly suspected, we perform
endometrial biopsy during the late luteal
phase of the cycle—about day 10 to 13 after
ovulation. Ultrasound measurement of the
endometrial stripe is useful in assessing both
endometrial response and adequate luteal
phase. If the midluteal-phase progesterone
levels are normal (more than 10 ng/mL) and
the vaginal-probe ultrasound shows a thick
and diftuse stripe of 8 mm or more, we feel

that we have ruled out LPD.
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Biopsy: The ‘gold standard’

istologic dating of an endometrial biopsy
His the gold standard for corpus luteum
evaluation because it assesses both quantita-
tive progesterone secretion and the morpho-
logic transformation of the endometrium in
preparation for embryo implantation.

The histologic features characteristic of
specific days of the menstrual cycle—first
described by Noyes and colleagues in 1950°—
have remained the cornerstone of endometri-
al dating. The endometrium is considered out
of phase when the histologic and chronologi-
cal dating differ by 3 or more days, provided
this difference is present in 2 or more succes-
sive cycles. Using these criteria, Noyes and
Haman® showed endometrial biopsy to be
accurate, with an interobserver agreement
rate of 82% within the 2-day range. Hence,
the 3-day out-of-phase criterion.

Variations in results. Recently, the accura-
cy and reproducibility of endometrial histol-
ogy in the diagnosis of LPD have been ques-
tioned because of considerable intraobserver
and interobserver variation in sample read-
ings, as well as variation between cycles of the

IMAGE: Maura Flynn



same patient and timing of the biopsy.
Evaluation also can depend on which section
of the endometrium is sampled.* Gibson and
colleagues® showed that 65% of the observed
variability in endometrium dating was due to
inconsistencies between evaluators, 27% was
due to lack of concordance by the same eval-
uator, and 8% was due to regional differences
in the uterus.

In view of these variations, the theoretical
probability of changing clinical management
is 15% to 28% after the same evaluator
reviews a slide” and 22% to 39% after anoth-
er observer evaluates the same slide.”
training fails to
accuracy. To increase the accuracy and

Refresher improve
interobserver reproducibility of endometrial
dating, Duggan and colleagues” offered
refresher training in histologic criteria after
initial endometrial dating. However, they
found no improvement in accuracy or inter-
observer reproducibility after this training.
Timing of the endometrial biopsy also is
important.” Traditionally, endometrial biop-
sies have been performed a few days before
the presumed onset of menstruation to reflect
the maximal influence of progesterone on the
endometrium. This practice recently has been
questioned, with some researchers favoring
biopsies performed in the midluteal phase.**
The method of determining the date
of ovulation also varies considerably.
Traditionally, next-menstrual-period dating is
used, whereby the day of menses after the
biopsy is labeled day 28 and presumed to have
occurred 14 days after ovulation. The use of
urine LH to determine the preovulatory LH
surge and—15 days later—menstruation, has
been suggested as a more precise method.”
Significant intercycle variation may occur
within the same individual. Li and col-
that
between-cycle variation of more than 2 days

leagues”  reported within-subject,
occurred in about 41% of patients.
Uncertain link to infertility. The link

between an abnormal biopsy and infertility is

Before we consider it clinically
significant, we require any LPD to be

present in repeated cycles.

questionable. Previous studies have docu-
mented abnormal endometrial biopsy results
in the range of 31% to 35% in fertile

B*#__rates almost comparable to those

women
of women with infertility. Earlier investigators
also demonstrated no significant differences
in pregnancy rates between infertile couples
with normal biopsy results, compared with
those with abnormal findings.”

Clinical recommendations. Before we con-
sider it clinically significant, we require any
LPD to be present in repeated cycles, since
approximately 20% to 80% of women with an

“in-phase”
13,46

abnormal biopsy have an
endometrium on a repeat biopsy.

The dating of endometrial biopsies
should only be done by experienced
histopathologists. We perform endometrial
biopsies after cycle day 24, and confirm any
out-of-phase abnormality in 2 consecutive
biopsies. Further, before we diagnose the
endometrium as “out of phase,” histologic dat-
ing must lag by at least 3 days.

In our practice, all endometrial biopsies
are read by the senior author, who has had
extensive experience with Noyes’ criteria for

endometrial dating.

Is there a proven treatment?

ot surprisingly—given the disagreement
N about its incidence and diagnosis—LPD
treatment also is controversial. Several case
series, observational trials, and retrospective
studies have explored whether treatment
improves the chances of conception, but few
randomized trials have taken up the issue.

Two main strategies have been suggested:
* Improving follicular dynamics using drugs
such as clomiphene or gonadotropins, which
not only produce a follicle but increase prog-
esterone secretion during the luteal phase.
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® Administering supplemental progesterone
during the luteal phase and first trimester of
pregnancy.
Clomiphene and other follicle-maturing
drugs. Clomiphene increases FSH secretion
and induces development of multiple or larg-
er follicles. As a result, LH receptivity is
enhanced. In addition, higher estrogen con-
centrations in the follicular phase increase
steroid receptor content in the endometrium.

Although some studies support the use of
clomiphene to treat LPD, in certain cases the
drug may actually induce luteal phase defects
in 30% to 50% of cycles.” By its anti-estro-
genic activity, clomiphene may suppress prog-
esterone receptor levels, rendering the
endometrium out of phase and less respon-
sive to progesterone.
Supplemental progesterone use is sup-
ported by research from Lassey and col-
leagues,” who demonstrated an association
between LPD and abnormal expression of
alpha-v-beta-3-integrin, the biomarker of
uterine receptivity, which is likely responsible
for the window of implantation. The
endometrium of women with delayed matu-
ration—that 1s, LPD—fails to express the
alpha-v-beta-3-integrin when biopsied dur-
ing the window of implantation (days 20 and
21). When given supplemental progesterone,
the vast majority of these patients return to
normal histologic status and alpha-v-beta-3-
integrin expression.*™*
Progesterone versus clomiphene. Clin-
ical trials have not established whether prog-
esterone treatment is more effective than
treatment with clomiphene or gonadotropin
or no treatment. Problems with design and
methodology in trials that do exist make it
impossible to draw any firm conclusions from
reports published thus far.

The literature
descriptive studies, most of which involved

includes numerous
assessment of pregnancy rates before and
after treatment.” However, pregnancies that
occur after therapy do not necessarily imply

Luteal phase deficiency: What we now know

treatment benefit, but may reflect natural
intercycle or biologic variation or sponta-
neous conception independent of treatment.
Randomized trials. Most of the studies
published to date are case series and observa-
tional studies, which are subject to method-
ologic bias. To the best of our knowledge,
only a few randomized studies of treatment
efficacy have been published.” All included
only a few patients and lacked adequate
power to detect any differences.”

Pregnancies that occur after therapy do
not necessarily imply treatment benefit,

but may reflect natural intercycle variation.

For example, Balasch and colleagues™

evaluated treatment with vaginal progesterone
suppositories, dehydrogesterone, and no treat-
ment. Although there was a higher pregnancy
rate in the treatment groups, it was not statis-
tically significant. However, the power of this
trial to detect any differences in pregnancy
rates was very low.
Investigating recurrent pregnancy loss.
We also lack properly designed studies assess-
ing the role of luteal phase support in women
with recurrent miscarriages due to LPD. Two
meta-analyses reached different conclusions
on the role of progesterone supplementation
in patients with recurrent miscarriages.™”
Studies included in these analyses used vari-
ous inclusion criteria. Moreover, diagnosis
was not based on currently accepted criteria,
and the treatment of choice was either 17-OH
progesterone or medroxyprogesterone. The
trials also included patients at more than 8
weeks’ gestation.

One multicenter randomized study eval-
uating luteal support with human chorionic
gonadotropin (hCG) or placebo found no
significant difference in pregnancy rates.”
Targeting the underlying cause. Steroid-
ogenic cells consist of 2 main types: large and
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small luteal cells. Large luteal cells derive from
follicular granulosa cells and secrete autocrine-
acting and paracrine-acting peptides and
eicosanoids but are not LH-receptive.” They
ensure basal progesterone and estradiol produc-
tion from the corpus luteum. Small luteal cells
derive from follicular thecal cells and acquire
LH receptivity; thus, they respond to regularly
occurring LH pulses, leading to increased
progesterone and estradiol production.”

Only expert histopathologists or

reproductive endocrinologists with special

training should evaluate samples.

In a series of excellent experiments,
Wuttke and colleagues” studied corpus
luteum function by measuring serial LH,
progesterone, and estradiol levels. They sug-
gested that, if the underlying cause of LPD
can be determined, therapy can be appropri-
ately directed, depending on whether the
deficiency is hypothalamic LPD or a defect of
small luteal cells or large luteal cells.

In hypothalamic LPD, LH pulses are
absent and the hypothalamic gonadotropin-
releasing hormone pulse generator appears to
be oversuppressed, even though serum proges-
terone levels are lower than normal. However,
during the follicular phase, the pulse genera-
tor functions normally.”

When there is a defect of small luteal cells,
the corpus luteum responds poorly to normal
LH pulses during the luteal phase, resulting
in subnormal basal progesterone. Wuttke et al
postulated that a defect of small luteal cells
occurs because the cells do not differentiate
well or fail to acquire LH receptivity.”

A defect of large luteal cells—which
ensure the release of basal LH and unstimu-
lated progesterone—occurred in 21% of cases
studied. In these cases there was normal cor-
pus luteum response to normal LH pulses, but
progesterone secretion decreased to very low
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levels between LH pulses.” The follicular-
phase LH pulsatility, follicular development,
and serum estradiol were all normal.”

Theoretically, stimulation of luteal prog-
esterone secretion by hCG administration
should be an effective therapy for hypothala-
mic LPD as well as a defect of large luteal
cells. If the defect involves the small luteal
cells, however, hCG therapy will be ineffec-
tive, since the corpus luteum is unresponsive
to gonadotropins.” In such patients, proges-
terone may be the treatment of choice. This
may explain, at least in part, the differences
in outcomes in the literature, since the
underlying causative category has not been
identified.

A well-designed, multicenter trial is
essential to address remaining questions
about LPD, not to mention a clear and uni-
form definition.

Clinical management

or those who believe, as we do, that LPD is
Fa real and potential cause of reproductive
disorders, we recommend that:
* its diagnosis be standardized,
* only expert histopathologists or reproduc-
tive endocrinologists with special training
and skills in endometrial dating evaluate his-
tologic samples, and
* once a “proper” diagnosis is made, treat-
ment be multifold and as minimally invasive
as possible.

Our practice generally is to give patients
gonadotropins or clomiphene to improve fol-
liculogenesis and corpus luteum function, and
to induce multiple ovulations, which increase
serum progesterone levels as well as the chance
of pregnancy.

In patients at high risk for multiple gesta-
tion, progesterone supplementation as oral
tablets or vaginal cream is relatively safe, inex-
pensive, and well tolerated. There is no need
to monitor effects of progesterone treatment,
since this natural substance has no known

side effects or teratogenicity. m
CONTINUED
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