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Abstract

Objective—To evaluate the relation of endometrial thickness (EnT) and endometrial pattern
(EnP) to euploid embryo transfer (ET) outcomes.

Design—Retrospective cohort
Setting—Private academic clinic

Patients—Patients (n=277, 36.1+4.0 years) whose embryos (n=476) underwent aneuploidy
screening with fresh (n=176) or frozen (n=180) ET from July 2010-March 2014.

Interventions—ENnT and EnP were measured on trigger day and at ET. Patients were stratified
by age and cycle type (fresh or frozen). Cycle data were combined at trigger day but separated at
ET day.

Main Outcome Measures—OQutcome measures were implantation (IR), pregnancy (PR) and
clinical pregnancy (CPR) rates.

Analysis was conducted by chi-square and Fisher exact test with significance at p<0.05.

Results—234 gestational sacs, 251 pregnancies and 202 clinical pregnancies resulted from 356
cycles.

EnT (9.6+1.8mm; range 5-15mm) at trigger day (n=241 cycles) as a continuous or categorical (<8
vs >8mm) variable was not associated with IR, PR or CPR.

ENT at day of fresh (9.7+2.2mm; range 4.4-17.9mm) (n=176 cycles) or frozen ET (9.1+2.1mm;
range 4.2-17.7mm) (n=180 cycles) was not associated with IR, PR or CPR.

Type 3 EnP at trigger day was associated with increased serum progesterone at trigger and
decreased IR compared with type 2 EnP.
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EnP at fresh or frozen ET was not associated with IR, PR or CPR.

Conclusions—Within the study population, EnT was not significantly associated with clinical
outcomes of euploid ETs. A type 3 EnP at trigger day suggests a prematurely closed window of
implantation.
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Genetic Screening

Introduction

The identification of the optimal conditions for controlled ovarian hyperstimulation (COH)
and embryo transfer (ET) is of substantial clinical interest. Improved clinical outcomes have
been demonstrated with particular stimulation protocols (1,2), embryo handling and culture
conditions (3), technical factors, such as the use of the transfer catheter and placement of the
embryo during ET, (4-9) and embryo selection techniques (10,11). However, identification
of clinical markers of endometrial receptivity for optimization during COH remains a
challenge.

During a natural menstrual cycle and one under COH, the endometrium develops and
matures within a complex hormonal environment, proliferating and thickening under the
influence of estrogens and decidualizing under the influence of progestins (12-19). Despite
recent advances in molecular assays (20-23), ultrasound (US) assessment is the only non-
invasive tool in standard clinical use for assessing the endometrium. Endometrial thickness
(EnT) directly reflects histological thickness, while endometrial pattern (EnP) changes in
lockstep with the menstrual cycle, correlating closely with morphologic assessment of
endometrial biopsies (24,25). While endometrial histology has long been recognized to
inform the optimal window of implantation (26), the influence of EnT and EnP on
endometrial receptivity and pregnancy rates (PR) has been intensively explored but not
conclusively answered (27,28).

US measurements of endometrium at the day of ovulatory trigger (the earliest point of
completed follicular development of oocytes) and at ET day (the first interaction between
embryo(s) and the uterine environment) may provide a window into the developing egg and
the implantation environment. Studies thus far focusing on the effect of EnT on embryo
implantation and receptivity have yielded conflicting findings. Some have shown that
increased EnT on human chorionic gonadotropin (hCG) trigger day correlated with
improved pregnancy outcomes in in vitro fertilization (IVF) patients (29-34). EnT <6-7
millimeter (mm) (35-37) or >10-14mm (37,38) on hCG trigger day has been reported to
adversely affect implantation rate (IR). Similar findings were noted in ovum donation (OD)
cycles in recipients with EnT <8mm at day of ET (39).

Other studies have documented no association between implantation rates and EnT at trigger
or ET day (40-48). Given reports of successful pregnancy with an EnT <4mm (49), a thick
endometrium is certainly not a prerequisite for pregnancy. One study found an positive

Fertil Steril. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gingold et al.

Page 3

correlation between EnT and pregnancy rates in intrauterine insemination but not IVF cycles
(50), although this has also been challenged (51). Recipient EnT at ET day in OD cycles was
not predictive of pregnancy outcomes (52).

A number of interventions have been developed and employed clinically to increase EnT in
the hope of improving endometrial receptivity, primarily by promoting estrogen-dependent
endometrial proliferation (53,54). However, given the above conflicting studies, it remains

unknown whether EnT is a parameter that should be considered for clinical optimization. A
recent survey found that 30% of clinicians would defer embryo transfer if EnT were <6mm,
with smaller percentages as EnT increased (55).

EnP reflects the anatomical changes associated with the menstrual cycle following progestin
exposure and can be used to track the pre- and peri-implantation uterine environment
(19,56). It is possible that an optimized EnP may lead to improved reproductive outcomes.
However, an incomplete consensus on the predictive power of a patient’s EnP on
reproductive outcomes persists. A triple-line EnP on US after ovarian stimulation before or
on trigger day has been associated with improved PR versus a homogenous, hyperechogenic
or intermediate EnP (57-60). Others have failed to observe this association (61) or only
confirmed it in a subset of patients with EnT 7-14mm (36,62). Some have highlighted the
importance of a homogeneous, hyperechogenic endometrium at the ET day in achieving
implantation (63) while others have observed a triple-line pattern more frequently (64).

In all of the aforementioned studies, morphology prior to ET was used for embryo selection.
However morphologic embryo selection alone carries potential limitations (65,66). The lack
of preimplantation genetic assessment of embryos, a major source of variability in
implantation across patients (67), limits the generalizability of findings from previous
studies on the role of both EnT and EnP.

With the use of pre-implantation genetic screening (PGS) to detect aneuploid embryos
(10,11), a more standardized and systematic analysis of the role of sonographic endometrial
measurements on implantation can be performed. This study sought to evaluate the impact
of EnT and EnP measured on trigger and ET day in IVVF patients on cycle IR and PR after
controlling for oocyte age and cycle type.

Materials and Methods

Patient population

A single-center retrospective cohort study was performed on patients whose embryos
underwent TB and PGS by comprehensive 24-chromosome screening during IVF cycles
between July 2010 and March 2014. Aneuploidy screening was offered during routine
infertility care. Patient age at the initiation of the assisted reproductive technology (ART)
cycle producing the euploid embryo was recorded as a categorical variable (A <35 years old
(yo); B [35-38) yo; C [38-41) yo; D [41-43) yo; and E >43 yo0).
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Treatment protocol

IVF stimulation cycles and hormonal adjustments were performed according to standard
clinical practice (68). All cycles were autologous. Patients were treated with one of three
different protocols determined by clinician preference: Antagonist (ganirelix acetate,
Antagon®, Organon USA Inc., Roseland, NJ or cetrorelix acetate, Cetrotide®, EMD Serono,
Rockland, MA): Down-Regulation (leuprolide acetate, Lupron®, AbbVie Inc., North
Chicago, IL); or Microflare (leuprolide acetate, Lupron®, AbbVie Inc., North Chicago, IL)
(Table 1). In general, antagonist protocols were used in potential hyperresponders,
microflare protocols in poor responders, and down-regulation or antagonist protocols in the
remaining patients.

Final oocyte maturation (henceforth referred to as “trigger”) was induced with 6500 1U
recombinant hCG alone (Ovidrel®, EMD Serono, Rockland, MA) or, in patients with strong
ovarian response or at risk for ovarian hyperstimulation syndrome (OHSS) undergoing an
antagonist protocol, with 40 1U of leuprolide acetate together with 1000 1U of hCG
(Novarel®, Ferring Pharmaceuticals, Parsippany, NJ) following confirmation of >2 mature
follicles =18 mm by US. Vaginal oocyte retrieval (VOR) was performed under transvaginal
ultrasound guidance 36 hours later.

For frozen embryo transfers (FET), patients started oral estradiol (Estrace®, Teva
Pharmaceuticals, Sellersville, PA) 2 mg twice daily for 1 week, then 2 mg three times daily,
with EnT assessed weekly until a thickness of =8mm was observed. Immediately thereafter,
50 mg intramuscular progesterone (Watson Pharma Inc., Parsippany, NJ) was initiated daily.
Thawing and transferring of the embryo(s) was performed after 5 days of progesterone
supplementation.

Embryos reaching the blastocyst stage at day 5 post-fertilization underwent trophectoderm
biopsy, overnight PGS interpretation and were transferred fresh on day 6 at 8am or frozen
immediately after biopsy. All frozen embryos were thawed at 9am for transfer at 1pm into a
day 5 endometrium (i.e. 5 days after starting progesterone) to avoid embryo-endometrium
asynchrony. The decision to freeze day 5 embryos was made by patients following clinician
consultation. All embryos reaching the blastocyst stage at day 6 were biopsied and frozen in
the morning of day 6.

The EnT and EnP at trigger from both fresh and frozen cycles were considered together,
while the EnT and EnP at ET from fresh and frozen cycles were considered separately.

EnT was measured by transvaginal US on trigger day and transabdominally at ET to the
nearest 0.1 mm. While transabdominal measurements were imported automatically,
transvaginal measurements were manually inputted into our database rounded to the nearest
mm. EnP was recorded as being in one of 3 categories, as described by Grunfeld et al. (24):
1 (late proliferative: hyperechoic endometrium constituting less than 50% of the EnT with a
hyperechoic basalis and a hypoechoic functionalis); 2 (early secretory: hyperechoic basalis
and functionalis extending to more than 50% of the EnT, but not encompassing the entire
endometrial cavity); and 3 (mid-Ilate secretory: homogeneous hyperechoic functionalis
extending from the basalis to the lumen). All assessments of EnT and EnP were performed
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by the clinician performing the US. The most commonly observed EnP (type 2 at trigger day
and type 3 at ET day) was used as the reference factor in linear models.

A pregnancy was defined as the detection of B-hCG in serum 14 days after the VOR. A
clinical pregnancy (CP) was defined as the detection of a gestational sac (GS) on an
ultrasound examination 22-25 days after retrieval. Monozygotic twins were counted as a
single GS. Implantation rates (IR), pregnancy rates (PR) and CP rates (CPR) were calculated
from these statistics. IR was calculated as the ratio of the number of GS to the number of
transferred euploid embryos. PR and CPR were calculated as the ratio of total pregnancies
and CPs, respectively, to the number of ART cycles entailing ET.

Serum estradiol, FSH, progesterone and hCG levels were quantitatively assessed by solid-
phase, competitive chemiluminescent immunometric assay (Immulite 2000, Siemens) with
an analytical sensitivity of 15 pg/mL, 0.1 mIU/mL, 0.1 ng/mL and 0.4 mIU/mL,
respectively. Progesterone was considered elevated at day of trigger if it exceeded 1.5
ng/mL (69-71).

The outcome measures were IR, PR and CPR. Outcomes were regressed against age group,
cycle type, EnT (at trigger and ET) and EnP (at trigger and ET). EnT and EnP at ET were
analyzed separately for fresh and frozen cycles. EnT was analyzed both as a categorical (<8
mm or >8mm) variable and as a continuous variable.

Statistical methods

Statistical analysis was performed with the R programming language (72). Binomial
regression was performed using a logistic link function. Statistical analysis of binomial
regression model was calculated by chi-square for residual deviance with significance at
p<0.05. Contribution of model terms was assessed by Akaike information criterion (AIC)
using the “step” function in R (better models have smaller AICs). Differences between
outcomes in two groups were assessed by Fisher’s exact test. 95% confidence intervals for
implantation rates in binned samples were calculated by Clopper-Pearson method with the R
package “binom” from CRAN. Linear correlation was calculated with a variable intercept
and significance was tested by Pearson correlation coefficient. Power analysis calculations
were performed using the R package “pwr” from CRAN. Levels of progesterone across
patient samples as a function of EnP were compared by chi square test in a linear model.

Power analysis

The study was designed for 80% power with a 5% false positive rate to detect the difference
between a 60% IR if EnT >8mm and a 40% IR if EnT <8mm. Power is achieved with 97
euploid embryos in each of two equally sized groups if each embryo is considered
independent, but is also >79.9% if one group has 67 patients and the other group has 173
patients.
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This research was approved by the Western Institutional Review Board (WIRB). Because of
its retrospective nature, an informed consent was not necessary.

A total of 476 euploid embryos were transferred into 277 patients over 356 IVF cycles. One
(n=247 cycles), 2 (n=101), 3 (n=5) or 4 (n=3) euploid embryos were replaced per cycle.
Patients ranged from 23.4 to 44.4 years old (yo) (mean 36.1 £ 4.0 yo) at the day of the
initiation of their IVF stimulation cycles (Table S1-S2). Aggregate IR was 49.5% (234/476),
and aggregate PR and CPR were 70.5% (251/356) and 56.7% (202/356), respectively.

IR did not generally change as a function of maternal age group (p=0.08, 0.88 and 0.33 for
age groups B, C, and E relative to group A, respectively), although there was an increased
IR in patients in age group D (0.67 [0.46-0.83 95% CI] vs 0.45 [0.37-0.52] for group A,
p=0.04) (Table S2). PR and CPR were no different across all age groups (p>0.05 for all
comparisons). Addition of age group to a model of IR did not improve the AIC (611.1 with
vs 610.8 without age group).

Fresh vs frozen

FETs (n=180 cycles in 152 patients) were compared with patients who underwent fresh ET
(n=176 cycles in 166 patients) (Table S1-S2). Distinction of cycle type did not improve
models of IR (AIC of 613.7 with vs 610.8 without cycle type), although it led to improved
models of PR and CPR. IRs were similar in FETs vs fresh (0.52 [0.45-0.58 95% CI] vs 0.47
[0.40-0.53], p=0.27). Compared with patients who underwent fresh cycles, PR (0.76 [0.70-
0.83 95% CI] vs 0.64 [0.57-0.71], p=0.01) and CPR (0.62 [0.55-0.69] vs 0.51 [0.44-0.59],
p=0.03) were improved in FETs (Table S1).

EnT at Trigger

EnT atET

EnT ranged from 5 to 15mm (mean 9.6 £ 1.8mm) at trigger day. Presence of EnT <8mm at
trigger day (n=71 cycles) was not associated with decreased or increased IR (p=0.90), PR
(p=0.88) or CPR(p=0.78) compared with EnT >8mm (n=170 cycles) (Table S3).

ENnT detected at trigger day and treated as a continuous variable was not associated with IR
(p=0.77), PR (p=0.73) or CPR (p=0.98) (Table S3, Figure 1a).

EnT ranged from 4.4 to 17.9mm (mean 9.7 £ 2.2mm) at fresh ET day and from 4.2 to
17.7mm (mean 9.1 £ 2.1mm) at FET day. Presence of EnT <8mm at ET day in fresh cycles
(n=48 cycles) was not associated with decreased or increased IR (p=0.8), PR (p=1.00) or
CPR (p=0.50) compared with EnT >8mm (n=128 cycles) (Table 2). Presence of EnT <8mm
at ET day in FET cycles (n=90 cycles) was not associated with decreased or increased IR
(p=0.52), PR (p=0.86) or CPR (p=0.88) compared with EnT >8mm (n=90 cycles).
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EnT at the time of fresh ET treated as a continuous variable was not associated with IR
(p=0.44), PR (p=0.19) or CPR (p=0.54) (Figure 1b). EnT at the time of FETSs treated as a
continuous variable was not associated with IR (p=0.34), PR (p=0.24) or CPR (p=0.61)
(Table S3, Figure 1c).

EnP at Trigger

EnP at ET

The majority of patients had a type 2 EnP (n=79, 138 and 20 for type 1, 2 and 3 EnP,
respectively) at trigger day (Table S1). Patients with a type 3 EnP at trigger day experienced
decreased IR (0.31 [0.14-0.52 95% CI]) compared with a type 2 EnP (0.54 [0.47-0.62])
(p=0.03) (Figure 2a, left). IR for patients with a type 1 EnP (0.50 [0.40-0.60]) at trigger day
did not differ from those with a type 2 or 3 EnP (p=0.49 and 0.08, respectively) (Figure 2a,
left). No effect was observed from EnP at trigger day on PR (p=0.92, 0.22 and 0.18 for type
1vs2,1vs3and2vs 3, respectively) or CPR (p=0.33, 0.27 and 0.09 for type 1 vs 2, 1 vs 3
and 2 vs 3, respectively) (Figure 2a center and right, Table S3-S4).

The serum progesterone levels at trigger day were compared across patients grouped by their
same-day EnP. Patients with a type 3 pattern at trigger day had higher same-day serum
progesterone levels (1.21 £ 0.54 ng/mL) compared with those with a type 2 (0.92 + 0.39,
p<0.006) or type 1 (0.94 + 0.46, p<0.004) EnP (Figure 3). Progesterone levels in type 1 and
type 2 patterns at trigger day were not significantly different (p=0.64).

Progesterone elevation (>1.5 ng/mL) at trigger was associated with a decreased IR (0.43
[0.35-0.50]) compared with non-elevation (0.53 [0.47-0.59], p=0.04) (Table S2). This effect
remained strong in patients with type 2 EnP (p=0.02) but not in those with type 3 EnP
(p=0.62) (Table S5). After controlling for progesterone elevation, the trend toward a
decreased IR in type 3 EnP compared with type 2 EnP did not meet significance (p=0.07). In
patients with non-elevated progesterone, the trend toward a decreased IR in type 3 (0.38
[0.09-0.76]) compared with type 2 EnP (0.61 [0.51-0.70], p=0.21) did not meet significance
(Table S5).

The majority of patients had a type 3 EnP at ET day (n=1, 25 and 150 for type 1, 2 and 3
EnP in fresh cycles, respectively and 0, 14, and 166 for frozen cycles, respectively) (Table
S1). EnP at ET day had no detectable difference on IR, PR or CPR between types 2 and 3 in
either fresh (p=0.47, 0.34 and 0.39, respectively) or frozen (p=0.41, 0.41 and 0.91,
respectively) ETs (Figure 2bc, Table S3-S4).

Conclusions

While previous studies have suggested a significant effect of EnT and possibly EnP on
implantation, they were limited by the unknown genetic composition of embryos prior to
ET. After controlling for embryo quality by aneuploidy screening, we find that EnT either at
trigger or ET day had no significant correlation with IR or clinical outcomes. However, type
3 EnP at trigger did correlate with poor IR.
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The agreement of this work with the negative findings on the role of EnT in OD cycles (52)
likely stems from the low aneuploidy rates of eggs from young donors (67). Given that the
primary contributor to age-related fertility decline is aneuploidy (67), the lack of maternal
age effect on IR of euploid embryos in this study is unsurprising. However, the existence of
additional rare oocyte and genetic abnormalities that contribute to embryo failure (73,74) but
are undetectable by current PGS technology cannot be ruled out. The strong ovarian
response in this patient cohort (Table S1) is largely a consequence of the use of PGS in
routine infertility care, including patients with normal ovarian reserve.

This study’s findings are consistent with others, placing importance on EnP at trigger day in
IVF cycles (58). The decreased IR observed in patients with a type 3 EnP at trigger day
compared with those with the typical type 2 EnP suggests that premature luteinization
leading to uterine-embryo asynchrony is a significant contributor to implantation failure.
The finding of elevated progesterone levels, a known trigger of premature ovulation (18,75),
in patients with a type 3 EnP suggests that an early opening of the window of implantation
leads to its premature closure, preventing successful embryo implantation. While the
findings from this study may be limited due to clinician-to-clinician variability in grading
EnP, the association between elevated serum progesterone and a hyperechogenic
endometrium with associated decreased endometrial receptivity has been widely reported
(76-78) in ETs performed without aneuploidy screening.

Although 7mm has been widely reported as a cutoff for a “thin” EnT (46,62), our clinic
generally considered a “thin” EnT to be <8Bmm. While there was no protocol requiring
“optimization” of EnT to this target in fresh cycles, most ETs were performed with a thicker
EnT. EnT =8 mm was explicitly targeted in FETs (68), although achieving it was not always
possible. Of the 180 frozen cycles (representing 236 FETS), 30 (39 FETS) needed to be
performed with EnT <8mm at transfer. Consequently, there were too few patients with EnT
<7mm in all groups to analyze this subset with statistical significance. A future study
entailing randomization to different target EnTs, especially in FETs, would better address
this limitation.

This study’s findings may not apply to euploid embryos derived from cycles that would
have been cancelled in our clinical practice. Follicles from patients who were cancelled
(prior to retrieval) in cycles with a thin or thick EnT or unusual EnP might have contained
oocytes that were less competent for implantation.

The negative findings of this study are unlikely to generalize to patients whose EnT or EnP
is altered due to endometrial pathology (e.g. Asherman’s syndrome, intrauterine tuberculosis
or an autoimmune disorder), in whom an altered endometrium may be a marker of disease.
A future study restricted to couples with male-factor infertility might better establish the role
of EnT and EnP in implantation into an otherwise normal uterine environment.

While the study was appropriately powered to detect substantial differences between EnT
types at trigger or ET day if each embryo was considered an independent trial, it lacked
sufficient patients in age groups D (41-43 yo) and E (43+ yo). Confirmation of the observed
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negative effects of EnT on IR with statistical significance would mandate larger cohorts of
up to ~20,000 patients.

Although an effect for EnP effect was fortuitously observed, this was not anticipated due to
the small number of patients with type 3 EnP and consequently limited statistical power
(<50%). This study lacked sufficient patients to rule out an independent association between
EnP and adverse implantation outcomes after controlling for progesterone levels. Similarly,
despite substantial evidence for the effects of stimulation protocols on the endometrium
(75,79,80), the small number of patients undergoing downregulation protocols limited the
ability to draw any conclusions.

A number of other factors besides EnT and EnP likely contribute to the variability in IR in
euploid transfers. Hormonal and secreted factors produced by both the embryo and the
endometrium (41,45,75,79-81), morphological differences (82—90) and genetic and
epigenetic alterations not detected by PGS all potentially represent implantation and survival
barriers. A more comprehensive understanding of these barriers is not likely be addressed by
additional clinical studies of EnT or EnP alone.

While this study cannot currently make any definitive clinical recommendations, it found no
evidence of improved IR or clinical outcomes with increasing EnT, nor did it find evidence
of improved outcomes in euploid embryos derived from younger oocytes. The findings from
this study suggest that aggressive “optimization” of EnT is unlikely to lead to substantial
clinical benefits. However, attempts should be made to trigger ovulation prior to the
transformation to a type 3 EnP.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. EnT at trigger or ET day does not correlate with IR or PR
Clinical outcomes (connected points) with their respective 95% confidence intervals (x’s)

are plotted at the mean EnT of each EnT bin. Model of IR, PR and CPR versus EnT treated
as a continuous variable at A) trigger day B) fresh ET day or C) FET day is calculated and
superimposed in black lines. Grey lines represent model 95% confidence intervals.
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Figure 2. EnP at trigger correlateswith IR
ETs were binned by EnP at A) trigger day B) fresh ET day or C) FET day. Clinical

outcomes (points) reflecting IR (left), PR (center) and CPR (right) are plotted for each of the
EnP categories with their respective 95% confidence intervals (x’s). * denotes p<0.05.
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Figure 3. Patientswith Type 3 EnP at trigger day have elevated progesterone
Boxplot for levels of progesterone at trigger day, grouped by EnP at trigger day. Boxes

display quantiles, with whiskers extending to the most extreme data point no more than 1.5
times the interquartile range. ** denotes p<0.01.
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