
Abstract. Background/Aim: This study assessed whether a
new immunohistochemical dating method allows precise
endometrial dating allowing optimal timing for embryo
transfer. Patients and Methods: A novel method was used for
endometrial dating, with parameters including menstrual
cycle days, Noyes histological criteria, along with
immunohistochemical expression pattern of estrogen and
progesterone receptors and proliferation marker Ki-67.
Endometrial maturation was analyzed on days +5 to +10
after ovulation or progesterone administration in 217
biopsies from 151 subfertile patients during the secretory
phase. Results: Endometrial maturation varied individually,
occurring 1.68±1.67 days late. Comparison of histological
maturation with clinical days after ovulation showed a delay
of about 2 days. Conclusion: Endometrial maturation
requires 8 days, rather than the expected 6 days, to reach the
histological mid-secretory phase. This is not a delay and is
also seen in fertile patients. The new analysis method used

is superior to that using Noyes criteria alone and provides
a better basis for determining conditions for optimal timing
of embryo transfers.

The endometrium is one of the major factors involved in
embryo implantation. However, the process involved and the
underlying molecular mechanisms that enable the
endometrium to enter the receptive phase are still not fully
clear. Many researchers have explored various methods for
investigating endometrial maturation during the menstrual
cycle. Well-dated endometrial tissue is required in order to
study the molecular features of the endometrium during the
menstrual cycle, and inadequate dating can lead to
misinterpretation even if the structure of a research study is
excellent. In order to identify the receptive phase in the
endometrium, especially in patients with suspected
endometrial factor infertility, endometrial biopsies need to be
taken with precise timing. Exact maturation sequencing of
the endometrium is also required.

Molecular methods simultaneously analyzing hundreds of
genes appeared likely at one time to become the new
standard, offering new ways of predicting the implantation
window (1). In addition to the high cost of the endometrial
receptivity array and its complexity, however, further studies
showed that performing this test in a mock cycle before an
embryo transfer did not improve the ongoing pregnancy rate
in patients who had a good prognosis (2, 3).

Considerable efforts have been made to develop an
alternative to the classical histomorphological dating of the
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endometrium. In 1988, Li and colleagues described 17
morphometric measurements, only five of which showed a
highly significant correlation with chronological dating
based on a surge in luteinizing hormone (4). One of the
important studies in this field was conducted by Noyes et al.,
who carried out a chronological analysis of histological
changes in endometrial biopsies for each day during the
menstrual cycles of subfertile patients (5). In particular, they
evaluated gland mitoses, pseudostratification of nuclei, basal
vacuolation, secretion, stromal edema, pseudodecidual
reaction, stromal mitoses, and leukocytic infiltration. Many
researchers have used Noyes criteria to analyze the quality
of endometrial dating, and have reported a wide range of
intraobserver variance, which may have a significant impact
on clinical management (6). In a study including 176
infertile women, dating of endometrial biopsies showed that
only 64% of patients were in the secretory phase, while the
rest (36%) had a secretory delay of at least 2 days (7).
Interestingly, a wide range of individual endometrial
maturation was observed in a study including fertile women
(8). In a similar study including 33 healthy women with
regular menstrual cycles, one-third of the endometrial
biopsies were out of phase, clearly indicating the variable
duration of the secretory phase among women (9). A delayed
endometrium was also detected in 47% of infertile patients
and 24% of fertile patients in a study conducted by Lindhard
et al. (10). Coutifaris et al. (11) also reported that
histological dating of endometrial biopsies from fertile and
infertile patients showed out-of-phase endometrium in the
mid-luteal and late luteal phases in both the fertile and
infertile groups. The authors concluded that histological
dating did not distinguish between fertile and infertile
women.

Murray et al. investigated the accuracy, reproducibility,
and clinical utility of histological endometrial dating in
fertile women and reported that endometrial histological
dating criteria are not sufficiently accurate to provide a valid
method for diagnosing luteal phase deficiency or guiding
clinical management in women with reproductive failure.
They also concluded that neither traditional dating criteria
nor any combination of the best histological features was
reliably able to distinguish any specific day in the cycle or
narrow interval of days (12).

In a previous study, Classen-Linke et al. investigated
endometrial biopsies from carefully examined fertile patients
(13). Dating was carried out using Noyes criteria in
combination with clinical data, immunohistochemical analyses
of hormone receptors and Ki-67, and also serum hormone
analyses of luteinizing hormone, follicle-stimulating hormone,
estrogen, and progesterone. It was found that progesterone
receptor (PR) and estrogen receptor (ER), as well as
proliferation marker Ki-67, showed a dynamic expression
pattern during the early, mid-luteal, and late luteal phases (13).

The aim of the present study was to combine the
histomorphological criteria of Noyes et al. (5), which were
established for endometrial biopsies from patients with
sterility, with immunohistochemical analyses of hormone
receptors for PR and ER, as well as Ki-67, on a day-by-day
basis in order to obtain more precise dating results.

Patients and Methods

Study population. This study recruited 151 patients with subfertility
(mean age=37.19±4.16 years) who had at least one good embryo
based on the Cutting et al. criteria (14). The patients had
experienced implantation failures after in vitro fertilization a median
of four times. The patients were divided into two groups. In group
A (n = 128), 172 biopsies were obtained in well-monitored natural
cycles with natural ovulation after the luteinizing hormone peak,
while in group B, 45 biopsies were taken in 23 patients in a mock
hormone replacement therapy (HRT) cycle.

In group A, one biopsy was taken in one menstrual cycle from
84 patients, one biopsy was taken in two different cycles from eight
patients, and two biopsies were taken between 5 and 10 days after
ovulation (OV) from 36 patients, so that a total of 172 biopsies were
investigated.

In group B, one biopsy was taken in one menstrual cycle from
one patient, two biopsies were taken in two different cycles from
four patients, and two biopsies were taken in one menstrual cycle
from 18 patients, so that a total of 45 biopsies were taken. Biopsies
were taken after 5 days and after 10 days of progesterone
administration.

HRT was administered on the basis of the standard Kaufmann
protocol (15), including estrogen and progesterone (P)
administration, with the latter starting on day 12 of estrogen
application. In all patients, the biopsies were obtained using a
Pipelle endometrial suction curette (Gynemed GmbH, Lensahn,
Germany) between OV/P +5 and +10 days, corresponding to days
19 and 24 of the menstrual cycle. Patients who were found on
sonohysterography to have an abnormal uterine cavity, unilateral or
bilateral hydrosalpinx, or endometrium ≤6 mm were excluded from
the study. The patients’ clinical examinations did not reveal any
pathological findings, with adequate ovulation, optimal hormone
levels in peripheral blood, and typical development of the
endometrium with a triple-line pattern, as detected on ultrasound.

The study was approved (approval number: 322  _19 Bc) by the
Ethics Committee of the Medical Faculty of Friedrich-Alexander
University of Erlangen-Nürnberg.

Immunohistochemistry of endometrial markers. For immunostaining,
paraffin-embedded tissue sections were cut (1 μm) and fixed on
slides; rehydration was achieved using an ethanolic series. Briefly,
staining was carried out by incubating the sections with diluted
primary monoclonal antibodies for PR, ER, and Ki-67 (1:300, 1:400,
and 1:500, respectively) for 45 min at room temperature. The
primary antibodies for PR and ER were obtained from DCS
Innovative Diagnostic Systems (Hamburg, Germany) and antibodies
for Ki-67 (MIB-1) from Zytomed Systems (Berlin, Germany). After
the slides had been washed in washing buffer (Zytomed) and
incubated with PostBlock reagent (POLAP-100-Kit; Zytomed), they
were incubated with AP polymer (POLAP-100-Kit; Zytomed) for 30
min at room temperature. The slides were then washed and stained
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with chromogen solution (Permanent Red AP-Kit; Zytomed) for 20
min at room temperature. After the final washing and dehydration,
the coverslip was mounted and the slides were evaluated under a
microscope. To confirm the immunostaining method, positive control
tissues were attached to each slide for Ki-67 (appendix cross-section)
and a cell control array was used for hormone receptors (Zytomed).
Receptor analysis of the glands was carried out in the stratum
functionale of the endometrium, and the complete biopsy was
analyzed and classified at 5% interval steps. When necessary,
counting was also carried out, especially when fewer than 5% of
stained nuclei were visible. For Ki-67 analysis, positively stained
nuclei of glandular epithelium in the stratum functionale of the
endometrium were evaluated. Three hundred stromal cells were
analyzed by counting three representative fields.

Endometrial dating method. The endometrial biopsies were
analyzed in accordance with previously published criteria (13, 16)
during natural cycles (OV+5 to OV+10) as well as HRT cycles (P+5
and P+10) and were dated on the basis of a novel method. Various
parameters were taken into account for endometrial dating,
including menstrual cycle days and histological dating criteria based
on the Noyes protocol (5) for all biopsies, in combination with the
immunohistochemical expression pattern of ER and PR and
proliferation marker Ki-67 in 184 biopsies. This method assigned a
pattern of related receptor and Ki-67 expression to each
histomorphological appearance between cycle days 16 and 24 due
to the endometrial maturation delay of 1-3 days from biopsies taken
at day 19-24.

The combined dating criteria for cycle days 16-24 are listed in
Table I (dating method).

Results

Modified dating method. Analysis of the biopsies taken at
OV/P+5 to OV/P+10 using the modified dating method
showed results representing a wide range of
histomorphological patterns corresponding to cycle days 16-
24. Figure 1 shows the histomorphological findings for each
cycle day between days 16 and 24 based on this method.
Figure 2 shows the corresponding expression patterns of ER

and PR, as well as Ki-67, for the histological cycle days
between 16 and 24. The histomorphology of the initial early
secretory endometrium was regarded as representing the
early stage of the secretory phase, corresponding to day 16
based on the new dating method, which showed proliferating
glands and high levels of hormone receptor expression in the
glands. The typical histomorphology of cycle day 17, with
large retronuclear glycogen vacuoles, showed a slight
reduction in the hormone receptors, with a proliferation
index below 5% in the glands. Receptor expression
exceeding 50% in the glands, with only scattered
proliferating epithelial cells and an increasing proliferation
index in the stroma, was observed on histomorphology of
day 18. On histomorphology of day 19, receptor expression
was below 50% in the glands and the proliferation index
increased in the stroma. This method, which is based on the
expression pattern in combination with histomorphological
analysis, was thus able to distinguish clearly between the
start of the early secretory phase and the end of the early
secretory phase, which represents the beginning of the
window of implantation. Histomorphology of cycle days 20-
24 showed predominantly stromal changes, with the start of
a pre-decidual reaction, spiral artery growth, and increasing
stromal proliferation.

In some cases, the dating results were in between two
histomorphology of cycle days, for example, day 18.5 of a
cycle, because the features and receptor expression of two
different cycle days were evident. It was therefore decided
to take continuous histological changes into account by
assigning half a day in between.

The results show that protein levels of ER and PR in the
endometrial glandular epithelium significantly declined from
OV/P+5 to OV/P+10 in both natural and HRT cycles (Figure
3A and B). In the natural cycle, estrogen and progesterone
receptor levels in glandular epithelium ranged from 87±8%
and 91±7% on day 16 to 40±19% and 69±14% on day 18,
and also 2±1% and 0±0% on day 24, respectively. Similar
changes were observed in the HRT cycle; however, ER and
PR levels were significantly higher on days 18 and 19 in the
HRT cycle in comparison with the natural cycle (p<0.05).
Days 20 and 21 are not shown in Figure 3B because no
endometrial biopsies related to these days of the menstrual
cycle were obtained, possibly due to low biopsy numbers in
the HRT group.

Ki-67 levels in natural cycles declined significantly in the
glandular epithelium from days 16 to 19 (p<0.05). Ki-67
expression was not observed on days 20 to 24, while its
expression in stromal cells increased significantly from day
16 to day 24 (p<0.05; Figure 3C). A similar pattern was
observed in the HRT group (Figure 3D); however, the results
showed that glandular epithelium from HRT cycles had
lower levels of Ki-67 in comparison with the natural cycles
on days 16 to 19 (p<0.05). Stromal cells from HRT cycles
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Table I. Dating method using immunohistochemical positivity.

Glands Ki-67 (%)

Day of cycle ER (%) PR (%) Glands Stroma

16 >80 >80 >15 <8
17 50-90 85-95 <10 <10
18 20-60 55-85 <2 <10
19 10-30 15-55 <1 <15
20 <20 <20 <1 <15
21 <10 <2 <1 10-20
22 <10 0 0 15-25
23 <5 0 0 20-25
24 <3 0 0 25-35

ER: Estrogen receptor; PR: progesterone receptor.



also showed lower Ki-67 levels in comparison with natural
cycles on days 17, 18, and 23 (p<0.05).

When the endometrial dating results were compared with
the test results including immunohistochemistry using only
Noyes criteria, a discrepancy was found for 56.96% of the
declared cycle days. A deviation of plus or minus half a day
was evident in 25.31% of cases due to dating diagnoses ahead
of the tests, with dating results lying between two cycle days.
Deviations of plus or minus 1 day and more than 1 day were
present in 15.18% and in 16.03% of the results, respectively.
Deviation of 2 or more days was detected in 6.33%.

Since combining Noyes criteria with the typical
immunohistochemical pattern was able to classify the
endometrial day of maturation more reliably, endometrial
dating was carried out for 128 women with natural cycles
and 23 women receiving HRT. Surprisingly, the novel dating
method showed a clear and individual delay in endometrial
maturation in most cases. For example, endometrial biopsies
on OV+5 (26 patients, natural cycle) showed the expected
maturation state in only 12% of cases; 81% showed a delay
of 0.5-3.5 days, and 7% were at day 20 (Figure 4A). It was
found that natural cycle biopsies on day OV+6 (19 patients)
showed a delay in 95% of cases, with a mean dating result
of OV+3.74±1.05 days (Figure 4B). In addition, biopsies on
OV+7 (42 patients), OV+8 (nine patients), OV+9 (nine
patients), and OV+10 (23 patients) showed mean dating
results of OV+5.27±1.31, 6.72±1.13, 7.5±0.92, and
8.37±0.95 days, respectively. The expected maturation was
only seen in 9%, 22%, 10%, and 12% of the cases,
respectively (Figures 4C-F). These results demonstrate that
although most biopsies on OV+8 to OV+10 showed some
delay, they were mostly within the window of implantation
(defined as days 20-24).

At day P+5 in the HRT group, the endometrial tissues
were in delay for 1 day in 33% of cases (n=6), 2 days in
39% (n=7), and 3 days in 17% (n=3), with only 11% (n=2)
reaching the expected day (Figure 5A). Surprisingly, all of
the biopsies on day P+10 had delays, and none of them
reached the expected maturation (Figure 5B). However,
nearly all of them were within the window of implantation,
starting at P+6 (corresponding to day 20).

Comparison of the histological maturation findings after
ovulation with clinical days after ovulation showed a
maturation delay of about 2 days. The early secretory phase
thus required 8 days (OV/P+8) instead of 6 days to develop
into the clinically expected histomorphological day 20 and
thus enter the expected window of implantation (Figure 6).

Discussion

Many studies have evaluated female fertility by analyzing
endometrial specimens from subfertile patients. Most of
these have reported poor reproducibility and accuracy, with

high levels of intraobserver and interobserver variability (11,
12). Research has therefore been carried out to identify new,
more precise markers and criteria for endometrial dating. In
a study on women with confirmed fertility and normal
menstruation, for example, it was suggested that the temporal
and morphological characteristics of pinopods on the surface
of the endometrium during the secretory phase might serve
as a marker for endometrial dating (17).

The human endometrium is a complex organ with typical
histological changes, which were first described by Rock and
Bartlett (18), who correlated the dating of 200 endometrial
biopsies with the day on which menstruation occurred. The
authors found that 17% of women menstruated later than
expected, 16% on the predicted day, and 68% earlier. Noyes
et al. (5) later investigated the endometrium (sterility
biopsies) in the secretory phase in 300 women during routine
sterility studies and reported that the first day of
menstruation correlated with the histologically expected day.
They therefore introduced histological criteria for
endometrial dating that have since become the gold standard.
Noyes and colleagues demonstrated that among the 300
patients, 14% menstruated on the predicted day, 12% later
than expected, and 74% earlier than expected. They observed
errors ranging from 12 days early to 8 days late, giving a
mean of 1.81±2.33 days for early menstruation. Using the
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Figure 1. Hematoxylin-eosin staining for histological analysis of the
endometrium on days 16-24 of the menstrual cycle, with key features
under Noyes criteria. Key features: Day 16: Subnuclear vacuolation of
the glandular epithelium is regular and becomes prominent,
pseudostratification of the nuclei is still visible in the glandular
epithelium, and stroma is dense with nearly naked nuclei. Day 17: Only
focal stratification of the glandular epithelium is present, nuclei are more
or less in a row, with homogeneous cytoplasm above them and large
vacuoles below. Day 18: There is almost no stratification of the glandular
epithelium. Vacuoles have decreased in size and slip past the nucleus into
the cytoplasm nearer the glandular lumen and thence into the lumen. Day
19: Few vacuoles remain. Superficially, this phase may resemble the early
vacuolation of the 16-day phase. The presence of intraluminal secretion
and absence of pseudostratification and of mitoses serve to characterize
it. Day 20: Secretion reaches its peak. Subnuclear vacuoles are rare and
the nuclei are round and basally located. Secretion, positively stained with
periodic acid-Schiff reaction (red colour), becomes prominent and is
visible until day 25. Start of stromal edema. Day 21: Stromal edema
increases. Day 22: Stromal edema reaches its peak. The spiral arterioles
are not prominent, and stromal cells are nearly naked nuclei, with only
thin cytoplasm. Day 23: Spiral arterioles become prominent due to
condensation of their surrounding stroma. The nuclei and the cytoplasm
of the periarteriolar stromal cells become larger. This is the earliest pre-
decidual reaction. Day 24: Spiral arterioles become prominent due to the
pre-decidual reaction around them. Pre-decidual changes start to
differentiate focally under the surface epithelium. This is normally
expected at day 25 by Noyes criteria, but in the present study it was seen
irregularly in combination with pre-decidual reactions around spiral
arterioles, suggesting that it starts on day 24. Stromal proliferation
resumes. Magnification: Main image ×100; inset: ×400.
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Figure 2. Continued
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Figure 2. Continued
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Figure 2. Immunohistochemical staining of estrogen receptor (A) progesterone receptor (B) and Ki-67 (C) in the endometrium on days 16-24 of the
menstrual cycle. Magnification, main image: ×100, and inset: ×400. 
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Figure 3. Percentage of immunohistochemically positively stained nuclei of endometrial glandular epithelial cells for estrogen (ER) and progesterone
(PR) receptors, and Ki-67 for immunohistological days 16-24 in natural cycles and hormone replacement therapy (HRT) cycles. A: ER and PR
expression in natural cycles. B: ER and PR expression in HRT cycles. C: Ki-67 expression in natural cycles. (D) Ki-67 expression in HRT cycles.
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Figure 4. Endometrial dating according to the novel dating method during natural cycles. Dating was performed on biopsies from ovulation (OV)
days +5 (A), +6 (B), +7 (C), +8 (D), +9 (E), and +10 (F). WOI: Window of implantation.



present modified endometrial dating method, it was also
found that the duration of endometrial maturation differed
individually among most of the participants, and endometrial
maturation occurring 1.68±1.67 days late was observed. This
type of delay in endometrial maturation may lead to
implantation failure, as the embryo and endometrium are not
temporally coordinated. Previously, delayed endometrium
was referred to as being “out of phase,” but the present study
observed individual endometrial maturation that appears to
be normal and can nevertheless enter the window of
implantation.

Since the present study included fertile women with
normal menstruation (13), based on earlier investigations
showing that endometrial maturation in subfertile women
with normal menstruation is similar to that in fertile
individuals (5), it can be postulated that the individual
duration of endometrial maturation is not only restricted to
subfertile patients but is also typical among fertile women,
as demonstrated by Murray et al. (12). Several earlier studies
have also often reported distinct variability in the length of
the luteal phase as a normal finding even among fertile
women, thus confirming the present results and the
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Figure 5. Endometrial dating according to the novel dating method on days 5 (A) and 10 (B) after progesterone (P) in hormone replacement therapy
(HRT) cycles. WOI: Window of implantation.

Figure 6. Comparison of immunohistological endometrial dating (novel method) with clinical days after ovulation (OV).



suggestion that the second half of the menstrual cycle is
variable in both subfertile and fertile women (10, 11, 19-22).
The results of the present study show that morphological
endometrial maturation and hormone receptor expression and
down-regulation, in combination with the Ki-67 proliferation
index, are similar in fertile (14) and subfertile patients. This
was the reason why Noyes et al. decided to establish their
dating method (which is currently the gold standard) on the
basis of endometrium from infertile patients.

Van der Gaast et al. investigated 30 patients from a
fertility clinic on day OV+5 (16). After endometrial dating,
in addition to immunohistochemical investigation of
hormone receptors and proliferation marker Ki-67, they
noted variation in endometrial maturation corresponding to
days OV+2 and +5.5.

The results of the present study suggest that, particularly
in the early secretory phase, endometrial maturation diverges
from that under Noyes criteria. According to Noyes criteria,
the implantation window starts on day OV+6. However,
using the new dating method showed that the implantation
window usually started on day OV+8, corresponding to
histological day 20 in the present dating method. If a “delay”
of 1.68 days is taken into account, most of the clinical days
would match the maturation of the endometrium. Thus
‘retarded’ maturation is not a delay, but rather a normal
variant, implying that in most fertile and subfertile women,
the duration of the early luteal phase is 7 days rather than 5
days. However, endometrial maturation is an individual
process that needs to be analyzed individually in each patient
in clinical practice.

It has been suggested that delayed endometrial
development results from a low progesterone level. However,
Usadi et al. demonstrated that the level of circulating
progesterone did not reflect the histological endometrial
dating and so could not serve as a reliable bioassay for the
quality of luteal function (23). The present results in the
progesterone-treated group also confirmed that the delay in
endometrial maturation is independent of the serum level of
progesterone and can be seen in both HRT and natural cycles
and is not a kind of corpus luteum insufficiency.

Conclusion

The findings of the present study show that the process of
endometrial maturation is individually variable in subfertile
women in both natural and HRT cycles. Endometrial
maturation to reach histological day 20, which is the start of
the window of implantation, usually takes 7.7 days (OV+8),
rather than 6 days (OV+6) based on Noyes criteria (5).
Variation in the maturation process was also observed;
maturation may be either accelerated or delayed relative to
the expected maturation state at OV+8. Many studies
confirm the suspicion that these variations in endometrial

maturation are normal in both fertile and subfertile women
and thus do not represent any sort of unusual delay. These
results suggest that each woman has her own individual
maturation rate to reach the receptive window of
implantation, and this stage should be matched with timing
of embryo transfers.
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