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Objective: To assess the sensitivity and specificity of common clinical tests used for the diagno-
sis of luteal phase defect (LPD).

Design: The sensitivity and specificity of these tests for predicting low integrated P levels over
the luteal phase were calculated.

Setting: Outpatient reproductive endocrinology and infertility clinic at a university medical
center.

Patients: Fifty-eight strictly defined normal women were used to determine normal integrated
luteal phase P levels. The study population was a separate 34 women who either were normal (n
= 15) or were being evaluated for infertility or recurrent abortion (n = 19). These 34 study subjects
all had the following tests performed in the same menstrual cycle: daily reproductive hormone
levels, daily assessment of preovulatory follicle size, late luteal endometrial biopsies, and BBT
charts.

Main Outcome Measures: Basal body temperature, maximum preovulatory follicle size, dated
endometrial biopsies, and serum P levels (single and multiple) were used in an attempt to predict
which patients had low integrated P levels.

Results: Unacceptably low sensitivity and/or specificity levels were found for the following
tests: appearance of BBT charts, luteal phase length, and preovulatory follicle diameter. Timed
endometrial biopsy was found to have marginally acceptable sensitivity and specificity levels
whether dated by next menstrual period or midcycle events. The best test for the prediction of low
integrated P was a single serum P level from the midluteal phase that was <10 ng/mL (31.8 nmol/
L) or a sum of three random serum P measurements that was <30 ng/mL (95.4 nmol/L) (also
obtained in the midluteal phase).

Conclusions: Luteal phase defect is a relatively uncommon but important cause of infertility
and/or habitual abortion. The recommended test for the determination of LPD is a midluteal phase
single serum P level <10 ng/mL or the sum of three serum P levels that is <30 ng/mL. The
endometrial biopsy is a second line test that is only recommended when LPD needs to be evaluated
in a treated cycle (ovulation induction or supplemental P). Fertil Steril 1994;62:54-62
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The clinical entity of luteal phase defect (LPD) is
present when there is recurrent postovulatory defi-
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ciency in the production and/or effect of P from the
corpus luteum (CL), leading to infertility and/or
habitual abortion (1). There are a number of hor-
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mones secreted by the CL in the luteal phase, in-
cluding P, E2, 17-hydroxyprogesterone, relaxin,
and inhibin. In terms of physiological and clinical
relevance, the focus has been on P secretion and
effect. In the majority of women with LPD, the pri-
mary problem appears to be an inadequate quantity
or duration of P secretion (2). A small minority of
cases of LPD are caused by reduced effectiveness of
P, primarily on the endometrium. This report will
focus on LPD as a disorder of P secretion. It should
be noted that LPD does not stem from a single etiol-
ogy; multiple causes funnel through this common
pathway of decreased P secretion or effect (1).

Although LPD has been clearly described in re-
search settings, the diagnosis, prevalence, and
treatment of this syndrome in the clinical setting
remains controversial. The currently available
diagnostic tests for LPD are cumbersome and have
not been properly validated. The original descrip-
tion of LPD in 1949 incorporated BBT charts, uri-
nary pregnanediol levels, and endometrial biopsy as
diagnostic tests (3). Additional diagnostic tests for
LPD have been proposed and clinically incorpo-
rated since 1949, including single and multiple
serum P levels, luteal phase length measured by
various methods, preovulatory follicle size as deter-
mined by ultrasound (US), and timed endometrial
biopsy (4). For true accuracy and clinical validity,
each of these diagnostic methods needs to have
been validated in a clinical population who were
determined to have LPD by a recognized gold stan-
dard.

However, in the clinical literature, various inves-
tigators (4) have attempted to evaluate LPD diag-
noses by comparing one diagnostic test with an-
other. By consensus, the most common standard
used is timed endometrial biopsy. However, the use
of timed endometrial biopsy is an ideal example of
the cyclic validation that has occurred throughout
the history of LPD studies. When Noyes et al. (5)
first described the criteria for interpreting timed
endometrial biopsies, their results were based on
BBT charts. Since this original validation in 1950,
timed endometrial biopsy has become more ac-
cepted and is now being used to determine the effi-
cacy of BBT charts in relation to LPD (6). To date,
there are no completely validated diagnostic tests
for LPD that are practical in the clinical setting

traced to a lack of accuracy and sensitivity inherent
in established (but not validated) diagnostic tests
for LPD.

In this investigation, we have compiled and ana-
lyzed data collected during the course of several
studies in which all the clinical tests that have been
purported to diagnose LPD have been performed
within the same menstrual cycle. These tests in-
clude the following: BBT chart, preovulatory US,
timed endometrial biopsy, and daily serum P levels.
We compared these tests with a relatively precise
and reproducible standard of CL function-inte-
grated P levels in serum over the luteal phase. In
this study, it was our intent to determine which of
these common clinical tests are the most sensitive
and specific in predicting low integrated P levels.

MATERIALS AND METHODS

Individual menstrual cycle data from 34 women
were examined from several studies performed re-
cently at the University of Washington Medical
Center, Seattle, Washington. All of these studies
were approved by the Human Subjects Review
Committee. In these studies, all of the tests in ques-
tion were performed during the same cycle in two
groups of women: a normal group of volunteers (n
= 15) or women who were being evaluated for infer-
tility or recurrent abortion (n = 19) (Table 1). Tobe
included in the normal group, these women met the
following criteria: [1] 18 to 35 years of age; [2] his-
tory of regular menstrual cycles; [3] weight within
+10% of ideal body weight (Metropolitan Life Ta-
bles, 1980); [4] biphasic BBT chart with a luteal
phase length >12 days; [5] aerobic exercise <10
hours/wk; [6] known to have a regular dietary his-
tory; [7] normal reproductive history; and [8] not
taking any medications on a regular basis. We per-
formed four tests on all of the women.

Basal Body Temperature

Basal body temperature was measured daily by
the women and recorded on standard temperature
charts. Ovulation was considered to have occurred
when there was a temperature rise of >0.4°C for 7
or more days immediately preceding a menstrual
period. These charts were then blindly reviewed by

T (note that in the research setting, an integrated
luteal P level is considered to be a relative gold
standard, but obtaining daily serum P levels in the
clinical setting is not practical). Much of the
controversy that surrounds LPD can probably be
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threé reproductive endocrinologists who were asked
to estimate the length of the luteal phase, deter-
mine whether LPD was present by subjective crite-
ria, and provide reasons for their diagnoses. All
three physicians classified the patients with luteal
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Table 1 Study Population

Follicular Luteal Maximum
phase phase preovulatory
Subject Age Diagnosis* length length follicle sizet Integrated P
d mm (ng-day/mlL)
A 32 N 16 14 9223 159
B 29 N 23 13 25 108
C 23 N ) 14 12 19.6 135
D 21 Infertility 14 12 19 97
E 32 Infertility 10 10 21.3 65
F 34 Infertility 12 12 23.6 100
G 36 Infertility 12 12 20 73
H 31 N 13 13 22.6 60
I 33 N 14 14 20.6 93
J 32 Habitual abortion 10 10 24.6 143
K 27 Infertility 11 11 24 111
L 35 Infertility 13 13 20.6 84
M 28 N 12 12 24.6 162
N 24 N 14 14 19.6 147
(0] 25 N 14 15 22 148
P 32 N 11 16 21 124
Q 25 N 14 12 25 92
R 24 N 15 11 22 164
S 37 Infertility 17 14 16.5 74
T 28 N 20 16 17.5 158
U 41 Habitual abortion 12 13 17.5 77
\Y 38 Infertility 15 13 16 142
w 33 N 14 10 24.5 102
X 39 Infertility 16 12 23.3 170
Y 34 Infertility - 14 14 21 138
Z 39 Infertility 12 14 21 199
AA 31 Infertility 17 12 15 155
BB 30 Infertility 17 14 18.5 130
CcC 35 Infertility 15 12 23.5 123
DD 37 Infertility 9 15 19 120
EE 25 N 18 11 22.5 168
FF 37 Infertility 12 14 24 64
GG 28 N 16 12 21.5 73
HH 32 Habitual abortion 27 13 22.6 120

* N, normal.

lengths <11 days as having LPD. For the purpose of
this study, a particular BBT chart was considered
to be indicative of LPD when two of the three phy-
sicians made this diagnosis.

Follicle Size

An Acuson (Mountain View, CA) model 128 sec-
tor US scanner with a 5-mHz abdominal transducer
was used to obtain daily estimates of mean follicle
diameter throughout the follicular phase. The day
of ovulation was indicated by the presence of at
least two of the following findings: an acute de-
crease in follicle diameter, an abrupt increase in
free intraperitoneal fluid, and/or the appearance of
intrafollicular echoes. For purposes of this study, a
maximum mean preovulatory follicle size of <17
mm was considered to indicate LPD (7, 8).
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T Values are means.

Endometrial Biopsies

Biopsies were performed in the late luteal phase
of each study cycle with either a Novak curette or a
Pipelle (Unimar, Inc., Wilton, CT) sampling de-
vice. These biopsies were assigned menstrual cycle
dates according to the criteria of Noyes et al. (5) by
two pathologists, each of whom read all the slides in
a blind fashion at the completion of the study. The
slides of the patients (subjects) were in a random
order in each set reviewed by each pathologist.
There was initial agreement between the patholo-
gists within +1 day for >90% of the slides. The two
pathologists reviewed together those slides in
which there was a discrepancy of >1 day and
reached a consensus while still blinded to the other
study parameters. Biopsies were considered out of
phase if they were dysynchronous by >2 days in
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relation to either the 1st day of the next menstrual
period, the day of the LH surge as determined by
RIA, or ovulation as determined by US examina-
tion performed at midcycle.

Serum P Measurements

Venous blood samples were collected between
8:00 A.M. and 10:00 A.M. daily from the onset of men-
struation to the 1st day of the next menstrual pe-
riod; serum was separated, frozen, and stored at
—4°C. Serum P was measured by RIA using re-
agents supplied by Diagnostic Products Corpora-
tion (Los Angeles, CA). The serum P results are
expressed in ng/mL (conversion factor to SI units,
3.18). Serum LH was measured by double-antibody
RIAs using reagents supplied by the National Instj-
tute of Health with LER-907 as the reference prepa-
ration. The methodology of both assays has been
described previously (2). The intra-assay and inter-
assay coefficients of variation for the P and LH
assays were 9.6% and 13.2% for P and 5.5% and
8.4% for LH. The peak daily LLH level at midcycle
was considered to be the day of the LH surge. The
luteal phase was defined as the day after the LH
surge (day +1) up to and including the day before
the next menstrual period.

Single and multiple midluteal phase P levels have
frequently been used to diagnose LPD (9-12). To
evaluate single and multiple P determinations as
diagnostic criteria, we used a computer-assisted
procedure to randomly select samples from the
daily luteal phase P values that we obtained from
each subject. A relatively narrow span (+5 to +9)
and a somewhat wider span (+4 to +11) of days
relative to the LH surge were selected for sampling
as two clinically applicable demarcations of the
midluteal phase (10). Each subject had a single
serum P value randomly selected between days 5
and 9 and another between days 4 and 11 of the
luteal phase in her study cycle. Furthermore, each
subject had three serum P levels randomly selected
between days +5 to +9, and the sum of these three
P levels was determined. We also repeated the ran-
dom selection of P measurements (single and multi-
ple) four times in an attempt to ascertain sampling
variance.

Luteal integrated P levels were determined by

mate of CL function available, we used this
measurement as the standard by which we evalu-
ated the other tests (BBT, random P levels, US,
endometrial biopsy). To determine the normal
range for integrated P, we used integrated P values
measured in a separate pool of normal women (n
= 58) that met the criteria listed above for normal
volunteers. The prevalence of LPD in the general
population has been estimated to be 10% (4); there-
fore, because 10% of the women in this pool had
integrated P levels <80 ng-days/mL (254.4
nmol - days/L), we defined LPD as an integrated P
value <80 ng - days/mL. Previously published stud-
les (13-15) have used other criteria to define low
integrated P levels. Based on data from 13 normal
women, del Pozo et al. (13) derived a value of 107
ng - days/mL (340.26 nmol -days/L) as the lower
limit of normal integrated P. Similarly, Wu and
Minassian found in a group of 13 normal women
with endometrial biopsies >2 days out of phase
that the integrated P was 113 + 8.5 ng-days/mL
(27.03 nmol - days/L) as compared with 170 + 8.3
ng - days/mL (26.39 nmol - days/L) in a group of 39
normal infertile women (14). Schweiger and col-
leagues (15) in a study of 18 female athletes in
whom a high prevalence of LPD was diagnosed
found an integrated P level of 100 ng-days/mL
(318 nmol-days/L) to be the critical cutoff. Our
figure of 80 ng-days/mL for integrated P, which
was derived from a much larger data base, is more
conservative than the values determined in these
previous studies.

We used this criterion (integrated P <80
ng - day/mL) to compare the results of the various
tests and combination of tests to assess their sensi-
tivity and specificity in predicting low integrated P
levels. In this context, sensitivity is the probability
that the test will detect low luteal phase integrated
P levels when it is present; specificity is the proba-
bility that the test will be negative when integrated
luteal phase integrated P levels are normal.

RESULTS

The 34 women in this study ranged in age from 21
to 41 years. Seven (21%) of the women had LPD, as
determined by an integrated P of <80 ng - days/mL.

A summary of our evaluation of each test compared

summing daily serum P levels, starting with the day
after the LH surge and ending with the day before
the next menstrual period. (Integrated P is an esti-
mate of total P output over the luteal phase.) Be-
cause we consider integrated P to be the best esti-
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with integrated P can be found in Table 2. The ap-
pearance of the BBT chart, even to expert ob-
servers, was a very insensitive predictor of LPD.
Likewise, luteal phase length, whether it was esti-
mated by BBT chart or calculated after determin-
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Table 2 Performance of Various Tests in Predicting
Deficient Luteal P Secretion*

Test Sensitivity  Specificity
Appearance of BBT chartt 14 74
Luteal phase-length-<11-days————
as determined by:
BBT 0 82
LH surge . 14 82
USs 14 74
Preovulatory follicle diameter
<17 mm 14 - 93
Out-of-phase timed endometrial
biopsyt dated according to:
Next menstrual period 57 44
Us 29 56
L.H surge 29 56
Single random serum P
measurement§
<5 ng/mL|
5 to 9 days after ovulation 14 98
4 to 11 days after ovulation 11 98
<10 ng/mL
5 to 9 days after ovulation 86 83
4 to 11 days after ovulation 82 81
<15 ng/mL
5 to 9 days after ovulation 100 43
4 to 11 days after ovulation 100 41
Sum of three random serum P
measurements§
<30 ng/mL 100 80
<25 ng/mL 78 92
<20 ng/mL 50 99
<15 ng/mL 0 100
Combined out-of-phase timed
endometrial biopsy per
single P <10 ng/mL
Both positive 71 93
Either positive 100 63

* Based on 80 ng-day/mL.

t Two of three physicians made diagnosis of LPD based on
rate, magnitude, and/or pattern of temperature rise or drop.

f >2 days out of phase.

§ Average of four random trials (Table 3).

|| Conversion factor to SI units, 3.18.

ing the exact day of the LH surge or follicle disap-
pearance, was very insensitive as well. Another test
with very low sensitivity was preovulatory follicle
size, with only 14% of those women with low inte-
grated P being correctly identified. No subject had
the luteinizing unruptured follicle syndrome, that
is, persistence and/or growth of a follicle beyond
the day of ovulation as identified by the onset of P
secretion.

Timed endometrial biopsy was somewhat more
sensitive, yet both sensitivity and specificity were
only approximately 50% at best (Table 2). Timed
endometrial biopsy appeared to be less sensitive
when the biopsies were dated according to midcycle
events (LH surge and ovulation) compared with
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dating by next menstrual period. There were 11, 8,
and 6 out of phase timed endometrial biopsies ac-
cording to the next menstrual period, LH surge, and
US criteria, respectively. The next menstrual pe-
riod method was more sensitive (correctly identi-

fied 50f 7 women with low-integrated P) but-less—

specific (falsely identified 6 women with normal in-
tegrated P) than dating by midcycle events.

The results of our four random trials selecting P
level on particular cycle days are found in Table 3.
The specificity and sensitivity results presented in
Table 2 are averages obtained from the four trials in
Table 3. The best results for single P measurements
were those taken either between days 5 and 9 or
days 4 and 11 after ovulation and using <10 ng/mL
as the criteria. In the majority of the trials, these
measurements had sensitivities approaching 100%;
therefore, most women with integrated P levels <80
ng-day/mL were correctly identified as having
LPD. When the <5 ng/mL (15.9 nmol/L) criterion
was used, most of the women with low integrated P
were missed. Conversely, use of the <15 ng/mL
(47.7 nmol/L) criterion resulted in a high rate of
false LPD diagnoses (a specificity of approximately
40%). The use of three random samples obtained
between cycle days +5 to +9 had similar results
compared with the single sample results but demon-
strated more consistency from trial to trial. The
best criteria for the sum of three measurements was
<30 ng/mL with a sensitivity of 100% and a speci-
ficity of 70% to 93%. Although the use of a sum of

Table 3 Four Trials of Single and Multiple Random P
Samples

Sensitivity/specificity

Trial 1 2 3 4

%

Single samples

<5 ng/mL*
Days 5 to 9 14/100  29/93  14/100  0/100
Days 4 to 11 14/100 14/93 14/100 0/100
<10 ng/mL
Days 5to 9 100/85 57/85 86/81 100/82
Days 4 to 11 100/82 86/74 71/93 71/74
<15 ng/mL
Days 5to 9 100/37 100/33 100/44 100/56
Days 4 to 11 100/48  100/33 100/41 100/41
Sum of three samplest
<30 ng/mL 100/78 100/70 100/93 100/78 -
<25 ng/mL 71/93 100/81  71/93  71/100
<20 ng/mL 57/96 42/100 43/100 57/100
<15 ng/mL 0/100  0/100  0/100  0/100

* Conversion factor to SI units, 3.18.
t Obtained between days 5 and 9 after LLH surge.
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<15 ng/ml. has been proposed in the LPD litera-
ture (9), decreasing the criteria <30 ng/ml. appears
too low to correctly identify low integrated P, as
illustrated by the sensitivity levels for <25, <20,
and <15 ng/mL, respectively (<79.5, <63.6, and
<47.7 nmol/L, respectively).

Last, we also tried the combination of timed en-
dometrial biopsy based on next menstrual period
(>2 days out of phase) and a single P measurement
(<10 ng/mL) taken between days 5 and 9. By com-
bining these tests and considering either test posi-
tive equivalent to a diagnosis of LPD, we increased
our sensitivity but also decreased the specificity. If
we required that both tests be positive, we greatly
decreased the sensitivity, but it did not increase the
specificity.

DISCUSSION

Although a number of clinical tests have been
proposed and are currently used to diagnose LPD,
they all suffer from a lack of adequate validation
and standardization. Some of the deficiencies asso-
ciated with the validation of these tests are as fol-
lows: [1] Almost all of the tests have been evaluated
in relation to prior tests but not against accepted
physiological criteria. [2] Some reports have used
the successful treatment of an infertile patient who
appears to have LPD as diagnosed by a given test as
an indication that the woman initially had LPD as
diagnosed by that particular test (16-19). Obvi-
ously, the pregnancy in question could have oc-
curred by chance or by simultaneous treatment of
other conditions. [3] Some have compared results
for different tests during different cycles of the
same woman, ignoring the well-recognized fact that
CL function varies from cycle to cycle. [4] Some-
times the results have been compared with a partic-
ular test because it has been used commonly in the
LPD literature and/or it appears to be a good test
because it is a bioassay (e.g., timed endometrial
biopsy) (6, 10). To provide an adequate evaluation
of the currently used tests, a reproducible and physi-
ologically relevant standard is necessary for com-
parison, and the comparison must be done with re-
sults that are obtained during the same cycle.

Because all of the existing LPD tests are based on
the secretion of P, we chose to use integrated P as

entire luteal phase, the effect of this variation is
reduced dramatically. It should be kept in mind
that the use of integrated P does assume that LPD
is primarily a result of P secretion rather than a
problem with the end organ effect of P. Integrated
luteal P as calculated from daily hormone measure-
ments is the most accepted standard for determin-
ing LPD in the research literature (22-26), but the
cost and inconvenience of obtaining daily serum
samples makes this approach clinically impractical.

Timed endometrial biopsy appears to be a good
initial choice as a diagnostic test because it mea-
sures the effect of P on the end organ, thus eliminat-
ing the need to determine whether LLPD represents
a deficiency in P production or P effect. Yet timed
endometrial biopsy as a diagnostic test has a num-
ber of inherent flaws as follows: [1] it is dependent
on a subjective histologic interpretation; [2] differ-
ent investigators have used different criteria for
interpretation (e.g., the handling of glandular-stro-
mal disparity); and [3] only moderate reproducibil-
ity of readings exist, even when the same specimen
is read several times by a single pathologist (27).
Timed endometrial biopsy has been validated as
the definitive test for LPD by comparing its results
to unproven criteria such as BBT chart and single P
measurements (5, 28). There has been some dis-
agreement over whether to use a 2-day, or >2-day,
out-of-phase criterion to indicate LPD (29). There
have also been reports in the literature that timed
endometrial biopsy is more accurate if the histo-
logic dates are compared with what are assumed to
be more precise midcycle events (27, 30). We found
the performance of timed endometrial biopsy as a
predictor of low integrated P to be relatively poor,
regardless of whether 2 or >2 days out-of-phase cri-
terion was used, or whether it was based on midcy-
cle events or next menstrual period. In fact, next
menstrual period appeared to be superior (more
sensitive) to dating by midcycle events in our study.
Although timed endometrial biopsy has been well
accepted in the literature, our data suggest that
timed endometrial biopsy does not correlate well
with low integrated P, and we would not recom-
mend it as the standard test for the clinical diagno-
sis of LPD. However, it still remains the test of
choice to evaluate an ovulation induction cycle for

LPD because adequate_integrated P _and_corre-_ _

our standard for comparison. The measurement of
serum P is relatively precise and reproducible. Be-
cause P is secreted in a pulsatile fashion (20, 21), P
values can fluctuate dramatically from sample to
sample; however, by integrating P values over the

Vol. 62, No. 1, July 1994

sponding random serum P levels have not been de-
termined for stimulated cycles. Likewise, when
LPD is treated with supplemental P, an endome-
trial biopsy would be recommended to determine
adequacy of therapy because serum P levels would
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vary tremendously with the timing of exogenous P The determination of P levels in single or multi-

administration. ple blood samples frequently has been recom-

Other popular tests (BBT chart, luteal length, mended as a diagnostic test for LPD. Because of the
follicle diameter) in current clinical usage for the known pulsatile nature of P secretion (b to 12
diagnosis of LLPD were also evaluated. The sensitiv- pulses/d with no standard diurnal pattern), the

“ity and/or specificity of these other tests wereall—analysis of P in single or multiple samples is of ques=
even lower than timed endometrial biopsy. Basal tionable efficacy (20, 21). This is probably the rea-
body temperature charts were the first standard son that the range of suggested criteria for adequate
used for the diagnosis of LPD (3). Presently, BBT P levels is quite large. For single P determinations,
charts are used both to determine luteal length and levels as low as 5 ng/mL and as high as 15 ng/mL
to diagnose LPD by subjective criteria. Downs and have been suggestad as proper criteria for single
Gibson (6) in a study of 40 women, 20 with in-phase samples (11, 33). In regards to the summation of
and 20 with out-of-phase biopsies, showed no dif- three samples, levels of 10 and 15 ng/mL have been
ference in the rate of temperature rise between the suggested (9). Taking into account the secretory
two groups, although there was a shorter luteal pattern of P and the large variation in cutoff levels
length in a few of the LPD subjects. Our results in the literature, we analyzed several levels as indic-
concur with this prior study with sensitivity and ative of low integrated P in this study. The present
specificity levels that indicate the BBT chart is an study demonstrated that serum P levels combined
inferior method for the diagnosis of LPD. Luteal the highest sensitivity and specificity and thus were
length is a relatively easy measure of luteal func- more accurate at determining low integrated P lev-
tion. Lenton and colleagues (31) found luteal els. The best results occurred with the use of a sin-
lengths of 10 days or less were abnormal when a gle blood sample with a P level of <10 ng/mL or a
relatively large population was studied. In another sum of three samples with a P level of <30 ng/ml,,
study, Smith et al. (32), in their study of 95 women with all samples obtained between days 5 and 9
with unexplained infertility and 29 controls, found after ovulation. In examining other cutoff criteria
no difference in occurrence of luteal phase < 11 for single samples, the use of <5 ng/ml appeared to
days (9% and 8%, respectively). Our data showed be too stringent, missing most of the women with
that luteal lengths as calculated by three different LPD, and a cutoff criteria of <15 ng/ml appeared
methods was an insensitive test for LPD and per- to be too liberal and resulted in many false-posi-
haps reflects only the most severe cases. Certainly, tives. Although the predictive value for low inte-
women with low integrated P levels have been grated P levels obtained with a single sample were
found to have significantly shorter luteal phase frequently equal with the three sample criteria, the
lengths. However, luteal phase length does not ap- use of three samples was more consistent in achiev-
pear to be a good diagnostic test for LPD. ing high sensitivities (Table 3).

Ultrasound assessment of follicle diameter is a Based on the results of this study, we currently
popular test in the clinical setting. Geisthoval et al. are recommending that three serum P levels be ob-
(8) reported a smaller mean follicle diameter in tained between cycle days 5 and 9 after ovulation. If
LPD cycles compared to normal cycles (17.7 = 2.9 these levels add up to <30 ng/mL in two spontane-
vs 23 + 2.3 mm). Likewise, Check and colleagues (7) ous menstrual cycles, then it would appear that
have found US to be useful in the diagnosis of LPD, persistent low integrated P levels are present, and a
noting that 40% of women with two out-of-phase diagnosis of LPD would be reasonable. The use of
biopsies had consistent small follicle size (<17 mm) luteal phase blood sampling for P would require the
and an additional 12% with an occasional small fol- identification of the day of ovulation to time luteal
licle. However, we reported previously in 10 women phase sampling. Several methods could be used in-
with low integrated P levels and out-of-phase biop- cluding BBT chart, US, daily LH measurements,
sies in a study cycle that there were no decreases in and urinary LH kits. Daily blood samples for serum
mean follicle diameter (2). In the present study, a LH levels and US are expensive and inconvenient
maximum preovulatory follicle size of 17 mm or less for patients. Basal body temperature charts are too
was unacceptably insensitive for the diagnosis of inaccurate for pinpointing the day of the LH surge.
low integrated P levels. It is concluded that de- Urinary LH tests can be done easily at home by the
creased follicle diameter is not a common finding in patient and have been found to be quite accurate. If
LPD cycles, and US assessment of follicle size is three blood samples are obtained between luteal
not a recommended test for the diagnosis of LPD. phase days 5 to 9, for cost-effectiveness, equal ali-

60 Jordan et al. Efficacy of diagnostic tests for LPD Fertility and Sterility



quots of serum from each sample could be pooled
with a single mean P level of 10 ng/mL used as the
criteria. For the tests we evaluated in this study, the
current charges at our institution (including the
visit to obtain the samples) are as follows: [1] daily
US examinations (3), $198.00; [2] endometrial
biopsy, $272.00; and [3] serum P, three samples
pooled, plus urine LH kit, $87.00.

We used <80 ng-day/mL as the criteria for low
integrated P in this study. Out of interest, we recal-
culated our sensitivity and specificity based on 100
ng - day/mL as our standard because that level had
been reported as a common criteria in prior studies
(2). The results of the various clinical tests, includ-
ing single and multiple blood levels for serum P,
showed no apparent differences in sensitivity and
specificity when 100 ng-day/mL was used as the
standard.

A relevant question pertains to the applicability
of these findings to a general (wider) infertility pop-
ulation. This study was performed in a selected and
relatively small population with the recognition
that it is difficult to obtain similar data in a large
group of women. It has been estimated that 5% to
10% of the referral infertility population has LPD.
The population studied here had a 21% incidence of
LPD when LPD is equated with low integrated P.
The variance in randomly selecting endocrine data

was estimated in this population (Table 3). It is 8. Geisthoval F, Skubsch U, Zabel G, Schillinger H, Breck-
unlikely that furthering sampling trials in this pop- woldt M. Ultrasonographic and hormonal studies in physio-
ulation would significantly improve our estimates 11‘;%1;_3;_‘;‘27 ‘;‘;umment menstrual cycles. Fertil Steril
of tbe sensitivity and specificity . for these tests as 9. Abraham GE, Maroulis GB, Marshall JR. Evaluation of
applied to the general population. Although we ovulation and corpus luteum function using measurements
would expect a prevalence of LPD (low integrated of plasma progesterone. Obstet Gynecol 1974;44:522-5.
P)ina general population to be <21%, we have no 10. Hensleigh PA, Fainstat T. Corpus luteum dysfunction:
. ssoe e s serum progesterone levels in diagnosis and assessment of
reason to believe that the sensitivity and specificity therapy for recurrent and threatened abortion. Fertil Steril
of the tests we evaluated would be affected by a 1979:32:396-400.
difference in prevalence. 11. Radwanska E, Swyer GIM. Plasma progesterone estimation
Itis relatively easy to increase luteal phase P lev- in‘infertile women' an.d in women u.nder treatment with clo-
els in women with apparent LPD by treatment with g;:’;’;iinfgi}r;o%i i); adotropin. J Obstet Gynaecol Br
P supplementation or cl.omlphene citrate. Suc.h 12. Johansson EDB. Progesterone levels in peripheral plasma
treatment has very few side effects. Therefore, it during the luteal phase of the normal human menstrual cy-
seems clinically more valuable to risk treating some cle measured by a rapid competitive protein binding tech-
women without LPD (false-positive) to treat all nique. Acta Endocrinol (Copenh) 1969;61:592-606.
those who may have LPD. Thus, the test with the 13. d.el PozoE, W.yss H, T°h§ G, Alcaniz J, C?mpana A, Nafto-
. Lo > lin F. Prolactin and deficient luteal function. Obstet Gyne-
highest sensitivity, those that miss the fewest num- col 1979;53:282-5.
ber of truly positive women, would appear to be the 14. Wu CH, Minassian SS. The integrated luteal progesterone:
-——best -test-"From “thestudy; it is"apparent that the " an-assessment of luteal function-Fertil Steril 1987;48:937-
sum of three serum P levels <30 ng/mL obtained 40.
15. Schweiger U, Laessle RG, Tuschl RJ, Broocks A, Krusche

between cycle days +5 to +9 is the best current
diagnostic test for LPD for use in the clinical set-
ting,
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Corpus Luteum Defect—*“Alloyed Gold
Standard”’

To the Editor:

We read with interest the review by Jordan and
colleagues (1) of the tests currently available for the
diagnosis of luteal phase defect (LPD). We agree
that LPD is a heterogeneous disorder, with contro-
versy surrounding its existence, diagnosis, and
treatment. Jordan et al. contend that because all
currently available tests for the diagnosis of LPD in
some way relate to the secretion or action of P, that
daily measurement of plasma P is the reference test
against which all others should be judged.

It is becoming clear that this assumptior: may not
be true. Many different hormonal regimens can ade-
quately prepare the endometrium for cryopreserved
and donor embryos. Receptivity of the endome-
trium to P can vary, independent of serum P levels;
histologic delay can be present with physiologic P
(2) or despite supraphysiologic P (3). Recently Ba-
tista et al. (4) demonstrated that integrated serum
P is not a good predictor of the endometrial histol-
ogy. On this basis, we feel that a single statement
about the adequacy of P secretion may not be possi-
ble. From the perspective of a blastocyst entering
the uterine cavity, LPD is primarily an endometrial
disorder. All current treatment strategies attempt
to advance the endometrial histology. As better
markers of uterine receptivity become available (5),
it is likely that LPD will be viewed as a subset of
uterine receptivity defects. Until that time, debate
will continue about the most appropriate way to
diagnose (and treat) LPD.

Arthur J. Castelbaum, M.D.
Northern Fertility & Reproductive Associates
Meadowbrook, Pennsylvania

Bruce A. Lessey, M.D., Ph.D.
Department of Obstetrics and Gynecology
University of North Carolina

Chapel Hill, North Carolina

July 28, 1994
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Reply of the Authors:

We appreciate the opportunity to reply to the let-
ter of Drs. Castelbaum and Lessey. We share many
areas of agreement in regards to luteal phase defi-
ciency (LPD). While P is the primary known in-
ducer of endometrial maturation, we are certain
that medical science has only begun to identify all
the components and factors that actually lead to an
integrated mature endometrium that is the proper
environment for implantation.

Our study was primarily designed to look at tests
that are currently used or have been used for the
diagnosis of LPD in the clinical setting (1). These
tests include basal body temperature charts, endo-
metrial biopsy, serum P levels in various combina-
tions, and ovarian follicular ultrasound measure-
ments. The temperature charts and serum P levels
are both estimates and/or indicators of P secretion,
while endometrial histology is directly influenced
by P secretion. Since we can estimate total P secre-
tion over the luteal phase in a fairly accurate man-
ner (integrated daily serum P), we used this as our
standard for comparison for the clinical tests. We
agree that any test that estimates the adequacy of P
secretion, be it integrated total P over the luteal
phase or a single P level, is a step or more removed
from the target tissue of interest-——the endome-
trium. However, looking at endometrial histology
itself, such as the interpretation of an endometrial
biopsy, can only be a rough indicator of true bio-
chemical maturation. Unfortunately, over the
years, there have been no identified endometrial
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markersthat accurately reflect endometrial matura-
tion and receptivity to implantation. Previous stud-
ies and investigators have looked at both E, and P
receptors in the endometrium, and protein prod-
ucts of the endometrium that are found in the cir-
culation (plasma endometrial protein [PEP], also
known as PP14). The studies of endometrial steroid
receptors have been contradictory and the PEP
studies did not correlate with other indicators of
endometrial maturation (2, 3). Although we would
agree with Drs. Castelbaum and Lessey that a good
endometrial marker for maturation and implanta-
tion would be attractive, such a marker has eluded
previous investigations. We would predict such en-
dometrial markers would be strongly influenced by
prevailing serum and tissue levels of P. If endome-
trial markers of uterine receptivity become avail-
able, these certainly could become the ideal tests for
corpus luteum function. We would predict that it
will be difficult to establish an endometrial marker
as the standard for the diagnosis of LPD because it
will be as difficult to find a “‘gold standard” for com-
parison purposes as it has been in performing stud-
ies based on P levels. A true gold standard for cor-
pus luteum and endometrial function would rely on
specific findings that are present in a spontaneous
successful conception cycle. However, the preg-
nancy (e.g., hCG) will likely alter the marker itself
and change the findings that otherwise would be
present in a normal nonconceptive luteal phase.
The reference point for the endometrial marker
may thus remain elusive and the investigators may
have to rely on a secondary or indirect standard. In
summary, we basically agree with the comments
that were offered and would encourage these au-
thors in their studies toward finding an endometrial
marker for implantation and improve our diagnos-
tic capabilities for LPD.

Michael R. Soules, M.D.

Donald K. Clifton, Ph.D.

Kristin Craig, B.S.

Division of Reproductive Endocrinology and
Infertility

Department of Obstetrics and Gynecology

University of Washington School of Medicine

Seattle, Washington

John Jordan, M.D.
Everett, Washington
August 30, 1994
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Diagnosis and Origins of Endometriomas
To the Editor:

We read with interest the recent article by Bro-
sens et al. (1). We congratulate the authors on their
new technique. However, in referring to our publi-
cation regarding endometriomas (2), the authors do
not mention the difference between the invagina-
tion theory and our theory of the origin of ovarian
endometriomas.

According to our paper, ovarian endometriomas
are either primary or secondary. Primary (I) endo-
metriomas are usually less than 3 ¢m in size, diffi-
cult to remove from the ovary due to fibrosis caused
by endometriosis, and show endometriosis on histo-
logical examination. The origin of these endome-
triomas is similar to endometriosis in extra-ovarian
sites in that the size of the cyst is limited by fibrosis
and scarring.

Secondary (II) ‘“endometriomas” are usually
greater than 3 cm in size (3-20 cm in our series) and
are not considered “true endometriomas.” These
“endometriomas” were originally functional (luteal
or follicular) cysts that have been invaded by super-
ficial ovarian cortex endometriosis. These “endo-
metriomas” are subdivided into three groups based
on their clinical appearance: IIA: cortical endome-
triosis plaques have not invaded the cyst wall and
are easily removed from the ovarian stroma; IIB:
similar to type A except the cortical endometriosis
plaques have invaded the cyst wall. They are easily
removed from the ovarian stroma except the one
area that invades the cyst wall; IIC, the cortical en-
dometriosis has invaded the major portion of the
cyst wall. The cysts usually are attached to the pel-
vic sidewall or posterior broad ligaments by adhe-
sions and fibrosis. They will often rupture at the
time of separation from the pelvic sidewall.

Histologic evaluation of type IIA, IIB, and IIC
“endometriomas” showed endometriosis in 0%
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