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BACKGROUND: Thin endometrium on ultrasound in the course of ovarian hyperstimulation has been thought to be associated with poor

success rates after IVF, even in the absence of prior intrauterine surgery or infection. To assess the clinical significance of endometrial thickness
(EMT) for IVF outcome, we performed a systematic review and meta-analysis.

METHODS: The electronic databases Pubmed, Cochrane and Embase were searched up to October 2013 for articles that studied the asso-
ciation between EMT and IVF outcome. The articles had to be written in the English or Dutch language. Studies were included if two-by-two tables

for EMT and pregnancy rates could be constructed. Study quality was scored using the Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) checklist. Summary receiver operating characteristic (SROC) curves were estimated to assess the accuracy of EMT in the

T The authors consider that the first two authors should be regarded as joint First Authors.
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prediction of pregnancy. In addition, odds ratios (ORs) with 95% confidence intervals (Cls) were calculated using a Mantel—Haenszel random
effect model expressing the association between EMT and pregnancy chances. Meta-regression was performed to determine if female age
and number of oocytes at retrieval interacted in the estimated effect of EMT on IVF outcome.

RESULTS: A total of | |70 studies was retrieved by the search. The overall quality of the 22 studies included in the review and meta-analysis was
moderate. The estimated sSROC curve indicated a virtually absent discriminatory capacity of EMT in the prediction of pregnancy. A thin endomet-
rium (<7 mm) was observed in only 2.4% of the reported cases (260/ 10 724). In these cases a trend towards lower ongoing pregnancy and live
birth rates for women with EMT < 7 mm was observed [OR 0.38 (95% CI 0.09— 1.5)]. The probability of clinical pregnancy foran EMT < 7 mm
was significantly lower compared with cases with EMT > 7 mm [23.3% versus 48.1%, OR 0.42 (95% CI 0.27—-0.67)]. Positive and negative pre-
dictive values for the outcome of clinical pregnancy 77 and 48%, respectively. The relationship between the number of oocytes and female age on
the one hand and pregnancy on the other hand was very weak making correction for these variables unfeasible.

CONCLUSIONS: Current data indicate that EMT has a limited capacity to identify women who have a low chance to conceive after IVF. The
frequently reported cut-off of 7 mmiis related to a lower chance of pregnancy, but occurs infrequently. The use of EMT as a tool to decide on cycle
cancellation, freezing of all embryos or refraining from further IVF treatment seems not to be justified based on the current meta-analysis. Further

research is needed to investigate the real independent significance of EMT in IVF.
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Introduction

Three decades after the introduction of IVF ongoing pregnancy rates
per cycle vary between 8.6 and 46.2% (Centre for Medically Assisted
Procreation, 2009; American Society for Reproductive Medicine,
201 I; Human Fertilisation & Embryology Authority, 201 |; Nederlandse
Vereniging voor Obstetrie & Gynaecologie, 201 I). Considering these
relatively limited success rates versus the associated risks (Kallén,
2008) and costs (Conolly et al., 2010) of IVF, knowledge on predictive
factors for the occurrence of pregnancy is instrumental. Maternal age
has been shown to be a highly important negative predictor for success-
ful IVF outcome (Lintsen et al., 2007; Broer et al., 201 3), while good mor-
phological embryo quality is positively associated with the chance to
conceive after IVF (Laasch and Puscheck 2004). Furthermore, endomet-
rial characteristics, such as endometrial pattern, (sub)endometrial blood
flow and endometrial thickness (EMT), have been described as prognos-
tic factors (De Geyter et al., 2000; Jarvela et al., 2005; Wang et al., 2010).
Their value, however, must be interpreted with some caution, as some
studies could not find a significant association between these parameters
and IVF outcome (Schild et al., 2001; Alcazar, 2006; Ng et al., 2006).

EMT can easily be measured by transvaginal ultrasonography (TVU). It
has been suggested that thin endometrium is associated with lower IVF
success rates. At present, results from studies that investigated the rela-
tionship between EMT and IVF outcomes are conflicting. Some studies
found that thin EMT negatively affects pregnancy rates after fertility treat-
ment (Kovacs et al., 2003; El-Toukhy et al., 2008), while other studies
could not confirm this (Oliveira et al., 1997; Lesny et al., 1999; Yuval
etal., 1999; Merce et al., 2008). This lack of consensus can possibly be
explained by the fact that no exact definition of thin endometrium as
assessed by ultrasound exists (Senturk and Erel, 2008). Therefore,
there is no solid conclusion on the clinical significance of EMT for the
chance of conceiving after [VF.

Despite all this, EMT assessment has become part of standard moni-
toring during fertility treatment. Clinicians and infertile couples may thus
be faced with the dilemma of whether they should proceed with the fresh
IVF cycle or should choose to cryopreserve the embryos for potentially
better chances to conceive with an endometrium developed under
natural conditions in subsequent cryocycles.

Therefore, the aim of the present study was to assess the association
between EMT and the occurrence of pregnancy after IVF by performing a
systematic review and meta-analysis of the published literature.

Methods

Search and selection strategy

The electronic databases PubMed, Cochrane and Embase were searched
until October 2013 for articles which described EMT and outcome after
IVF treatment. The following keywords and their synonyms were used:
[(‘endometrial thickness’ or ‘thin endometrium’ or ‘endometrial character-
istics” or ‘endometrial stripe’ or ‘endometrial receptivity’ or ‘embryo im-
plantation’) and (‘IVF’" or ‘IVF treatment’ or ‘ICSI’ or ‘infertility treatment’
or ‘assisted reproductive technology’)] and (‘pregnancy’ or ‘IVF outcomes’
or ‘live-birth rate’ or ‘clinical outcomes’). No restrictions on date or type
of publication were applied to the search (Supplementary data).

Titles and abstracts of all identified studies were screened and the full
paper of the preselected articles was read by two researchers (A.K. and
J.G.S). Both researchers extracted the data from the article independently
by using standardized data extraction forms. If 2 x 2 tables could be con-
structed the study was selected for final inclusion. In the 2 x 2 tables, the
number of pregnant and non-pregnant women for different EMT cut-off
values was recorded. Authors were contacted by email if information was
missing. If the appropriate data were provided, the study was ultimately
selected for inclusion. Any disagreement between the two researchers
was resolved through discussion, or in case of persistent disagreement, by
consultation with a third expert (F.B.).

Eligibility criteria

All cohort studies and RCTs investigating the effect of EMT on IVF outcome
were considered eligible for inclusion. The articles had to be written in the
English or Dutch language.

The patient population consisted of subfertile women undergoing IVF or ICSI
treatment. VWomen of all ages were included. Studies that included cycles with
donor oocytes or women with intrauterine pathology [e.g. uterine polyps, sub-
mucosal or intramural myoma'’s and adhesions (Asherman syndrome)] were
excluded from analysis.
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EMT had to be measured by TVU on the day of ovulation triggering as the
maximal echogenic distance between the junction of the endometrium and
myometrium in the mid-sagittal plane.

The main study outcomes were live birth (defined as a live born baby >24
weeks of gestation), ongoing pregnancy (defined as the presence of a living
intrauterine fetus on TVU at the|2th week of gestation) and clinical preg-
nancy (defined as the presence of a gestational sac on TVU or other definitive
clinical signs). Other outcomes were biochemical pregnancy (defined as the
presence of positive hCG test combined with the absence of pregnancy find-
ings on TVU), miscarriage (defined as fetal loss prior to the 20th week of ges-
tation) and ectopic pregnancy (defined as a pregnancy that implants outside
of the uterus). All outcomes were reported per cycle.

Quality assessment

Each selected study was scored for their relevance and methodological
quality by using the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) checklists for Observational Studies, version
October/November 2007. Furthermore, the following characteristics of
the studies were taken into consideration: patient sampling (consecutive or
other), data collection method (prospective or retrospective), study
design (cohort or RCT), blinding (i.e. blinding of the sonographers for the
medical history and the stimulation protocol used), selection bias (i.e. exclu-
sion of cases because of reasons which affect the possibility of generalizing
the results, for example women with previous pregnancies), verification
bias (i.e. adapting the treatment protocol for optimizing the endometrium
to improve the chance to conceive), information bias (i.e. measuring EMT
by multiple sonographers), attrition bias (i.e. completeness of the outcome
measures) and the stimulation protocol used (GnRH antagonist of GnRH
agonist, urinary FSH or recombinant FSH).

Statistical analysis

Bivariate model and summary receiver operating characteristic

To evaluate the overall accuracy, including the whole range of possible
thresholds, we estimated the summary receiver operating characteristic
(sROC) curve using the bivariate model (Reitsma et al., 2005). The rationale
behind the bivariate model is that reported estimates for sensitivity and spe-
cificity from different studies may be based on different positivity thresholds
(explicitly due to cut-off values used, or implicitly related to the assessment
method or device used). Consequently, part of the observed variability in
the reported values will reflect a shift along an underlying ROC curve,
reflected in a negative correlation between sensitivity and specificity. The bi-
variate model accommodates this correlation by including a covariance term
in the model. Subsequently, sSROC curves can be estimated from the model
parameters (Harbord et al., 2007) and plotted with the original data points in
the ROC space. Estimates were based on averaged model results from
repeated stratified bootstrap samples to account for multiple accuracy
points reported by the same study.

We also estimated the predictive accuracy for specific cut-off values of
EMT (7, 8 and 9 mm), resulting in pooled estimates for sensitivity and sensi-
tivity for each cut-off, as well as SROC curves reflecting implicit differences
based on different positivity thresholds.

Odds ratios

ORs with 95% confidence intervals (Cl) were calculated and displayed in a
forest plot to determine whether the frequently reported cut-off of 7 mm
is associated with reduced pregnancy rates. Two-by-two tables were con-
structed for the different outcome measures at a cut-off of 7 mm (live birth,
ongoing pregnancy, clinical pregnancy). ORs of original studies were pooled
with RevMan software (Version 5.1, The Cochrane Collaboration, 2008),
using a random effect model. This model was chosen for explicating the het-
erogeneity between the included studies and to estimate the between-study

variance. The amount of heterogeneity was quantified by using the I statis-
tic, which represents the percentage of total variability across the studies
that is due to heterogeneity instead of chance. Low heterogeneity is
defined as a value <50% (Higgins et al., 2003). Finally, whenever possible,
we analysed whether the results and significance of the meta-analysis
would change when the analysis was limited to prospective or retrospective
studies only or when different cut-offs were used.

Meta-regression

Meta-regression analysis was performed with EMT < 7 mm as a dependent
variable and female age and number of oocytes as independent variables to
determine if differences in female age and number of oocytes could be of
influence on the estimated effect of thin EMT. The meta-regression analysis
was performed using the ‘metafor’ package, R Version 3.0.1. If the P-value
was < 0.05, results were considered to indicate statistical significance.

Results

Systematic search, selection and data
extraction

The electronic search resulted in 170 hits. Following the screening of
titles, removing of duplicates, and exclusion of articles without full text,
89 studies were identified to be potentially eligible for inclusion (Fig. I).

After reading the manuscripts and assessing the inclusion criteria and
methodological quality, 23 studies were eligible for final inclusion. From
| 7 of these studies the appropriate data for calculating the absolute preg-
nancy rates could be extracted. Nine authors were contacted and asked
for further information, of which five authors provided the appropriate
data necessary to construct 2 x 2 tables (Richter et al., 2007;
Dechaud et al., 2008; Bozdag et al., 2009; Kinay et al., 2010; Kuc et al.,
201 1). One study was excluded because the author did not reply to
the email request (Bassil, 2001). Three authors did not provide the ap-
propriate information on pregnancy outcomes for EMT <7 versus
>7 mm (De Geyter et al., 2000; Grant et al., 2007; Singh et al., 201 1)
but could still be included because it was possible to construct 2 x 2
tables for other cut-off values. Thus, 22 studies were finally included in
this systematic review and meta-analysis.

From || included studies, 2 x 2 tables for the endometrial cut-off
value of <7 versus >7 mm could be constructed (Basir et al., 2002;
Amir et al., 2007; Richter et al., 2007; Al-Ghamdi et al., 2008; Dechaud
et al., 2008; Bozdag et al., 2009; Okohue et al., 2009; Chen et al., 2010;
Kinay et al., 2010; Kuc et al., 201 1; Zhao et al., 2012). Eleven studies
reported several other cut-off values (Rinaldi et al., 1996; Weissman
et al., 1999; De Geyter et al., 2000; Dietterich et al., 2002; Aboulghar
et al., 2005; Rashidi et al., 2005; Zhang et al., 2005; Grant et al., 2007;
Traub et al., 2009; Singh et al., 201 |; Yoeli et al., 2004). All authors of
the articles included in the analysis for EMT < 7 versus >7 mm were
requested to provide additional data on female age and number of
oocytes retrieved of which seven replied with the appropriate data.

Study characteristics

Characteristics of included studies are listed in Table |. Most studies were
of aretrospective cohort design and described only the clinical pregnancy
rate as outcome measure.

Figure 2 shows the overall risk of bias in this meta-analysis. Only three
studies described that the researchers were blinded for EMT results or
hormonal response (Rinaldi et al., 1996; Yoeli et al., 2004; Dechaud
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Reviews and Meta-Analyses: The PRISMA statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097.

Figure | Flow diagram of search and selection strategy in a systematic review and meta-analysis of endometrial thickness (EMT) and pregnancy rates after

IVF.

etal., 2008). Selection bias appeared to be present in most of the studies
due to the exclusion of specific patient groups such as elderly women,
women with previous pregnancies or women undergoing frozen
embryo treatment cycles. Also the overall risk of verification bias could
not be determined because only five studies described whether the
treatment protocol was or was not adapted in the case of a thin EMT
(Basir et al., 2002; Zhang et al., 2005; Bozdag et al., 2009; Kinay et al.,
2010; Zhao et al., 2012). The risk of information bias remained undeter-
mined because most studies did not describe who measured the EMT
(Basir et al., 2002; Zhang et al., 2005; Bozdag et al., 2009; Kinay et al.,
2010; Zhao et al., 2012).

Characteristics of included patients are shown in Table . All partici-
pants were scheduled for IVF or ICS| treatment. Cut-off values of EMT
ranged from <6 to <26.7 mm The mean age in the included studies
ranged from 30.5 to 35.6 years.

ROC analysis

Observed accuracy estimates (sensitivity and | — specificity) for all
studies and for all cut-off values reported, are plotted in the ROC
space. Block size reflects the sample size of the studies for pregnant (hori-
zontal) and non-pregnant (vertical) outcomes, respectively (Fig. 3).
Overall, the predictive accuracy of EMT for non-pregnancy was low, as
the sSROC curve shows that EMT does not discriminate between cases
that achieved a clinical pregnancy and cases that did not (area under
the ROC: 0.56 and curve close to the X = Y line).

Analyses for the different cut-off values show that sensitivity increases
from near zero at a cut-off of <7 mm [0.05 (95% CI 0.03-0.09)] to a
sensitivity of 0.21 (95% CI 0.18—0.26) at a cut-off of <9 mm. The speci-
ficity decreases at the same rate from close to | at <7 mm [0.98 (95% ClI
0.97-0.99)] to a minimum level of 0.85 at <9 mm (95% CI 0.81-0.87)
(Fig. 4A-C).
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Table I Characteristics of studies included in a systematic review and meta-analysis of EMT and pregnancy rates after IVF.

Author Consecutive  Design  Pro-/ Blinding  Outcome Data per Selection Information Attrition Verification
retrospective cycle bias bias bias bias
Rinaldi et al. (1996) Yes Cohort NIA Yes CP Yes Yes No No NIA
Weissman et al. Yes Cohort Retrospective No CP, MR Yes Yes NIA No Yes
(1999)
De Geyter et al. NIA Cohort Prospective No CP Yes NIA No Yes NIA
(2000)
Basir et al. (2002) NIA Cohort Prospective No CcP Yes Yes No Yes No
Dietterich et al. No Cohort Retrospective No CP, MR Yes Yes NIA No Yes
(2002)
Yoeli et al. (2004) Yes Cohort Prospective Yes CP Yes Yes Yes No Yes
Aboulghar et al. Yes Cohort Prospective No CP Yes Yes No No NIA
(2005)
Rashidi et al. (2005)  Yes Cohort Prospective No CP Yes Yes NIA No NIA
Zhang et al. (2005) Yes Cohort Retrospective No CP Yes Yes NIA No No
Amir et al., (2007) Yes Cohort Retrospective No BP Yes Yes NIA No NIA
Grant et al. (2007) Yes Cohort Retrospective No CP Yes Yes No No NIA
Richter et al. (2007) Yes Cohort Retrospective No LB, OP,CP,MR Yes Yes Yes No NIA
Al-Ghamdi et al. Yes Cohort Retrospective No CP Yes Yes No No NIA
(2008)
Dechaud etal. (2008)  NIA Cohort  Prospective Yes OP Yes Yes No No NIA
Bozdagetal (2009)  Yes Cohort  Retrospective No CP Yes No NIA No No
Okohue et al. (2009) NIA Cohort Prospective No CP Yes Yes No Yes NIA
Traub et al. (2009) Yes Cohort Retrospective No CP Yes Yes NIA No NIA
Chen et al. (2010) Yes Cohort Retrospective No CP Yes Yes NIA No NIA
Kinay et al., (2010) Yes Cohort Prospective No CP, BP Yes Yes NIA No No
Kucetal (2011) NIA Cohort Retrospective No LB, CP, BP Yes Yes No No NIA
Singh etal. (2011) NIA Cohort Prospective No CP Yes Yes No Yes NIA
Zhao etal. (2012) Yes Cohort Retrospective No CP Yes Yes NIA No No

Studies were scored on patient sampling (consecutive or other), study design, data collection (prospective or retrospective) blinding (i.e. blinding of the sonographers for the medical history and the stimulation protocol used), selection bias (i.e.
exclusion of cases because of reasons which affect the possibility of generalizing the results), information bias (i.e. measuring EMT by multiple sonographers), attrition bias (i.e. completeness of the outcome measures) and the stimulation protocol
used.

BP, biochemical pregnancy; CR, clinical pregnancy; OR, ongoing pregnancy; LR, live birth; MR, miscarriage rate; EP, ectopic pregnancy; NIA, no information available.
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Figure2 Overallrisk of biasin meta-analysis. The horizontal axis represents the number of studies included and extent of risk of bias is shown by bar color.

Table Il Baseline characteristics of the study population of the included studies.

Author Cut-off (mm) No. of cycles Treatment Stimulation protocol Age (mean(SD))
Rinaldi et al. (1996) <10 158 IVF/ICSI GnRH ago, FSH agois
Weissmanetal. (1999) <I4 791 IVF GnRH ago, long, FSH, hMG agois
De Geyteretal. (2000)  <9.8, <II <I3 1026 IVF/ICSI GnRH ago, long NIA
Basir et al. (2002) <7 97 ICSI GnRH ago, hMG, Pergonal, FET 33.0(2.7)
Dietterich et al. (2002) <9to <20 570 IVF GnRH ago, FSH + rec FSH, hMG agois
Yoeli et al. (2004) <14 1218 IVF/ICSI short+long, FSH, hMG agois
Aboulgharetal. (2005) <8, <12 103 IVF/ICSI GnRH ago, long, h(MG 31.4(4.5)
Rashidi et al. (2005) <8, <I2 150 IVF/ICSI GnRH ago, long, h(MG 30.8 (5.0)
Zhang et al. (2005) <9, <12 897 IVF GnRH ago, short + long, FSH 35.6 (NIA)
Amir et al. (2007) <7, <14, <20 2339 IVF/ICSI GnRH anta, long + short, FSH-+rec FSH ~ 33.5 (6.2)
Grant et al. (2007) <6 132 IVF GnRH ago agois
Richter et al. (2007) <7to >16 1294 IVF/ICSI NIA 33.7(3.6)
Al-Ghamdi et al. (2008) <6to >17 2464 IVF GnRH ago, long + short, (MG agois
Dechaud et al. (2008) <7 12 IVE/ICSI GnRH ago, rec FSH agois
Bozdag et al. (2009) <7,<l4 1087 IVF/ICSI GnRH ago, rec FSH agois
Okohue et al. (2009) <7 220 IVE/ICSI GnRH ago, long, h(MG agois
Traub et al. (2009) <8 14 IVE/ICSI GnRH ago and anta, progesterone agois
Chenetal. (2010) <7to <26.7 2896 IVF/ICSI GnRH ago, long, FSH 31.03.9)
Kinay et al., (2010) <7 40 ICSI GnRH anta, rec FSH 33.6 (4.9)
Kucetal (2011) <7 583 IVF/ICSI GnRH ago, long + short, rec FSH 30.5 (NIA)
Singh etal. (2011) <6,<8,<10,<12<14 101 IVF/ICSI GnRH ago, long, rec FSH, hMG 35.0 (NIA)
Zhao etal. (2012) <7,<l4 1933 ICSI GnRH ago and anta, FSH, hMG 31.2 (4.6)

Cut-off values for EMT varied from <6 to <26.7 mm. Different stimulation protocols were used.
Long, long stimulation protocol; short, short stimulation protocol; ago, agonist; anta, antagonist; rec FSH, recombinant FSH; NIA, no information available; agios, age given only in

subgroups; hMG, human menopausal gonadotrophins; FET, frozen embryo transfer cycle.

Insufficient data were present to perform ROC analysis for ongoing
pregnancy rate or live birth.

Odds ratios

Live birth and ongoing pregnancy rate were included in the same
meta-analysis. The meta-analysis for live birth and ongoing pregnancy
rates together demonstrated a trend towards lower pregnancy rates
for women with thin endometrium, although these differences did not
reach statistical significance [OR 0.38 (95% C1 0.09—-1.54), P = 0.18].

The 17 statistic was | 1% (Fig. 5). Insufficient data were available to
perform this analysis for other cut-offs.

The forest plot with the calculated ORs for clinical pregnancy rate is
shown in Fig. 6. The probability of conceiving with EMT < 7 mm was sig-
nificantly lower [OR 0.42 (95% C1 0.27-0.67), P = 0.0003] when com-
pared with EMT > 7 mm. The I? statistic for heterogeneity was 41%,
indicating that study heterogeneity was low.

As shown in Fig. 6, additional analysis for clinical pregnancy was per-
formed to investigate whether the results would change when
meta-analysis was performed with retrospective or prospective
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Figure 3 Summary ROC curve. EMT in the prediction of clinical preg-
nancy forall studies and all cut-off values reported. Block size reflects the
sample size of the studies. EMT has no discriminatory capacity for clinical
pregnancy (AUC-ROC 0.56 and curve close to the X = Y line). ROC,
receiver operating characteristic; AUC, area under the curve.

studies only. The results for the retrospective studies remained signifi-
cant [OR 0.46 (95% CI 0.29-0.71), P = 0.0006], while the results for
prospective studies did not reach significance [OR 0.22 (95% CI 0.03—
[.53), P=0.13].

Although we focused on a cut-off of 7 mm in the present review, ana-
lyses for other cut-offs were also performed. As shown in Table ll, there
seems to be a positive association between EMT and prospects of clinical
pregnancy. The probability of clinical pregnancy improves from low
cut-offs [EMT < 6 mm: OR 0.46 (95% Cl 0.20—1.05)] to high cut-offs
[EMT < 12 mm: OR 0.89 (95% ClI 0.55-1.44)], with significantly
decreased pregnancy rates up to an EMT value of <10 mm.

There were insufficient data for miscarriage rate and biochemical and
ectopic pregnancy to perform a meta-analysis.

Meta-regression

Only seven studies could be included in the meta-regression (Richter
et al., 2007; Al-Ghamdi et al., 2008; Bozdag et al., 2009; Okohue et al.,
2009; Chen et al., 2010; Kinay et al., 2010; Kuc et al., 201 1). As shown
in Table IV, the mean age in women with EMT <7 mm was higher
(P-value < 0.001) and the mean number of oocytes retrieved was
lower (P-value < 0.001) compared with the group with EMT > 7 mm.
These factors are known to influence the chance of conceiving after
IVF (Sharma et al., 2002), and we therefore considered them to be con-
founding factors for the effect of EMT on pregnancy prospects.

In the meta-regression, the characteristics female age (I statistic 0%,
P = 0.055) and number of oocytes retrieved (I statistic 35%, P = 0.49)
were not significantly associated with the outcome pregnancy.

Consequently, analyses were not adjusted for female age and number
of oocytes.

Meta-regression could not be performed for other cut-offs because
insufficient data were available.

Discussion

The current review and meta-analysis summarizes the available knowl-
edge concerning the accuracy of EMT in the prediction of pregnancy
after IVF treatment. From the sROC curves (Fig. 3) it becomes clear
that EMT has no predictive capacity for the occurrence of pregnancy.
The discriminatory capacity slightly improved for lower cut-off values
of EMT. However, the accuracy in predicting the occurrence of preg-
nancy remained poor for all cut-off values (Fig. 4A—C). Although EMT
cannot be used to predict IVF outcome in terms of the occurrence of
pregnancy (pregnant versus not pregnant), it does seems to be a
factor for the assessment of the probability of conceiving after IVF. For
clinical pregnancy rates, the probability of pregnancy was significantly
lower in the group with thin EMT [EMT <7 mm: OR 0.42 (95% ClI
0.27-0.67] P=0.0003) (Fig. 6). Positive and negative predictive
values for the outcome clinical pregnancy were 77 and 48%, respectively.
Because differences in female age and number of oocytes seemed to be
present, the meta-regression had to rule out possible confounding. Sur-
prisingly, female age and number of oocytes retrieved were not asso-
ciated with pregnancy prospects. This finding can be explained by the
fact that conventional relationships between pregnancy chances and
oocyte number and female age were not consistent across studies,
with some studies even showing opposite effects. This phenomenon is
also known as ‘ecological fallacy’. Therefore, the confounding role for
oocyte number and female age cannot be ruled out.

To the best of our knowledge, this is the first systematic review and
meta-analysis that investigated both the independent predictive capacity
and the prognostic value of EMT on pregnancy outcomes after IVF treat-
ment. Studies investigating the significance of EMT in IVF or ICSI treat-
ment cycles are conflicting. Several studies found an association
between EMT and pregnancy (Kovacs et al., 2003; Traub et al., 2009),
while others could not establish a significant correlation between EMT
and the chance to conceive (Coulam et al., 1994; Csemiczky et dl.,
1999; ljland et al., 1999; Barker et al., 2009). In the meta-analysis of
Momeni et al. (2011) the mean EMT appeared to be significantly
higher in pregnant women compared with non-pregnant women
[mean difference 0.4 mm (95% C10.22—-0.58)]. Furthermore, the accur-
acy of EMT in predicting pregnancy appeared to be poorin many studies,
which is in line with our findings (Basir et al., 2002; Rashidi et al., 2005;
Zhang et al., 2005; Grant et al., 2007; Richter et al., 2007; Al-Ghamdi
etal., 2008; Traub et al., 2009).

It is unclear why thin EMT is associated with poorer pregnancy pro-
spects. Unfortunately, no studies have investigated the endometrial hist-
ology of patients with thin EMT. It has been speculated that basal layer
endometrium oxygen concentrations are increased in patients with
thin EMT. High oxygen levels might be detrimental for embryo implant-
ation (Casper, 201 |). In the review by Haouzi et al. (2012) different gene-
and protein-expression profiles are described which may play a critical
role in endometrial receptivity in natural and stimulated cycles. In
future research, molecular tools and morphological characteristics of
the endometrium could possibly be studied to clarify if a relationship
exists between thin EMT and endometrial receptivity. In addition, it

202 1idy 0} uo 1s9nB Aq £G9ZS6Z/0€S/¥/0Z/aMe/pdnwny/wod dno olwspese//:sd)y wolj papeojumoq



A 1o B o
0.8 4 0.8
Sens: 0.05 (95% Cl 0.03-0.09) Sens: 0.15 (95% Cl 0.09-0.25)
Spec: 0.98 (95% C1 0.97-0.99) Spec: 0.94 (95% Cl 0.92-0.95)
> 0.6 > 0.6
= =
= =] i
@ 7
= c
7] [}
D 041 D 94+
1
0.2 [ observed accuracy 0.2 [ observed accuracy
@  pooled sensispec @  pooled sensispec
=] = sROC curve n == 3ROC curve
X —  95% confidence regicn ——  95% confidence region
0.0 ‘l T 95% prediction region 0.0 == 95% prediction region
| L LA L S S BN N E S B AL R B S R R | L A DL E IO S IR E R L E
0.0 0.2 0.4 0.6 08 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-specificity 1-specificity

Sensitivity

1.0
0.8 1
Sens: 0.21 (95% C1 0.18-0.26)
Spec: 0.85 (95% Cl 0.81-0.87)
0.6
0.4 4
0.2 [ observed accuracy
[ ] pooled sens/spec
=== sROC curve
— 95% confidence region
0.0 ==  95% prediction region
T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-specificity

Figure 4 ROC analyses for clinical pregnancy rate for different cut-offs of EMT. Pooled estimates for sensitivity and specificity are presented for (A) 7 mm, (B) 8 mm and (€) 9 mm. The pooled sensitivity
and specificity values show that the discriminatory capacity slightly improves for lower cut-off values but the accuracy in predicting the occurrence of pregnancy remains poor. Sens, sensitivity; spec, spe-

cificity.

JA] Ul SSSUBDIY3 [BIIIDWOPUS JO DUBAS[RJ DY |

20z 1idy 0} uo 3sanB Aq 2G9ZS6Z/0€S/¥/0Z/21Me/pdnwNy/wod dno olwspese//:sd)y Wolj papeojumoq

LES



538

Kasius et al.

EMT<7mm EMT>7mm Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI
Dechaud 2008 0 2 37 110 0.39[0.02, 8.37] b
Kuc 2011 0 8 264 575 0.07[0.00,1.21] — =
Richter 2007 3 6 751 1288 0.72[0.14, 3.56] j
Total (95% CI) 16 1973 0.38 [0.09, 1.54]

Heterogeneity: Tau? = 0.19; Chi*=2.24,df =2 (P =0.33), P=11% !

Test for overall effect: Z=1.35 (P = 0.18)

I Il

001 0.1 1 10 100
EMT<7mm EMT>7mm

Figure 5 Forest plot of ongoing pregnancy and live birth for women with EMT < 7 mm and EMT > 7 mm. Chances of live birth and ongoing pregnancy
are lower forwomen with EMT < 7 mm, but the results are not significant. The I statistic of | 1% indicates that study heterogeneity was low. Cl, confidence

interval.

EMT<7mm EMT>7mm Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total M-H, Random, 95% ClI M-H, Random, 95% CI
Prospective studies
Basir 2002 1 28 13 69 0.16 [0.02, 1.28] B
Kinay 2010 1 3 10 37 1.35[0.11, 16.57] A
Okohue 2009 0 12 105 208 0.04[0.00,067] —————
Subtotal (95% Cl) 43 314 0.22 [0.03, 1.53] e
Heterogeneity: Tau® = 1.44; Chi* = 3.83, df = 2 (P = 0.15); I = 48%
Test for overall effect: Z = 1.53 (P =0.13)
Retrospective studies
Al-Ghamdi 2008 16 62 866 2402 0.62 [0.35, 1.10] —
Bozdag 2009 14 40 444 1045 0.73 [0.38, 1.41] e
Chen 2010 12 52 1391 2844 0.31[0.16, 0.60] —_
Kuc 2011 0 8 294 575 0.06 [0.00, 0.98] *
Richter 2007 4 6 860 1288 1.00 [0.18, 5.46] T
Zhao 2012 12 a7 998 1886 0.31 [0.16, 0.59] -
Subtotal (95% Cl) 215 10040 0.46 [0.29, 0.71] <>
Heterogeneity: Tau? = 0.12; Chi? = 8.65, df =5 (P = 0.12); > = 42%
Test for overall effect: Z = 3.44 (P = 0.0006)
Total (95% ClI) 258 10354 0.42[0.27, 0.67] <

itv: 2 = . i2 = = = - 12= I t } i
Heterogeneity: Tau? = 0.17; Chi? = 13.55, df = 8 (P = 0.09); P = 41% 001 01 1 10 100

Test for overall effect: Z = 3.63 (P = 0.0003)

EMT=7mm EMT=7mm

Figure 6 Forest plot of clinical pregnancy for women with EMT < 7 mm and women with EMT > 7 mm. The probability of clinical pregnancy is signifi-
cantly lower for women with EMT < 7 mm. The I? statistic was 4 | %, indicating that study heterogeneity was low.

would be interesting to investigate the value of EMT in patients under-
going frozen embryo transfer cycles because in this population the pos-
sible negative effect of ovarian hyperstimulation on endometrial
development is absent. Only one study reported on EMT in natural
frozen embryo transfer cycles (Basir et al., 2002), and showed that
pregnancy rates were significantly lower in patients with suboptimal
endometrial development, suggesting an independent predictive role
of EMT.

Endometrial receptivity may be reflected by endometrial stripe
pattern. Eight studies also investigated the effect of endometrial

pattern on pregnancy outcome (Dietterich et al., 2002; Rashidi et al.,
2005; Dechaud et al., 2008; Bozdag et al., 2009; Chen et al., 2010; Kuc
etal.,2011;Singhetal., 201 1; Zhao etal., 2012) and the results are con-
flicting. Some studies found an association between endometrial pattern
and IVF outcome (Dechaud et al., 2008; Chen et al., 2010; Kuc et dl.,
2011; Zhao et al., 2012), whilst other studies showed no significant cor-
relation (Dietterich et al., 2002; Rashidi et al., 2005; Bozdag et al., 2009;
Singh etal., 201 ). Unfortunately, meta-analysis could not be performed
because different classification systems for endometrial pattern were
used in the separate studies.
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Table Il ORs and 95% ClI for clinical pregnancy at different EMT cut-off values.

Grantetal. (2007), Richteretal. (2007), Al-Ghamdietal. (2008), Chenetal. (2010), Singhetal. (201 1)

Basir et al. (2002), Richter et al. (2007), Al-Ghamdi et al. (2008), Bozdag et al. (2009), Okohue et al.
(2009), Chen et al. (2010), Kinay et al. (2010), Kuc et al. (2011), Zhao et al. (2012)

Basiretal. (2002), Aboulgharetal. (2005), Rashidi et al. (2005), Richter et al. (2007), Al-Ghamdi et al.
(2008), Traub et al. (2009), Chen et al. (2010), Singh et al. (201 1)

Dietterich etal. (2002), Zhangetal. (2005), Richter et al. (2007), Al-Ghamdi et al. (2008), Chenetal.

Rinaldi et al. (1996), De Geyter et al. (2000), Dietterich et al. (2002), Richter et al. (2007),

Al-Ghamdi et al. (2008), Chen et al. (2010), Singh et al. (201 1)

Cut-off No. of OR (95% CI) P-value Included studies
(mm) patients
6886 0.46 (0.20-1.05) P=0.07
10612 0.42 (0.27-0.67) P =0.0003
8 7247 0.56 (0.44-0.70) P < 0.00001
9 8221 0.60 (0.50-0.73) P < 0.00001
(2010)
10 7446 0.68 (0.61-0.76) P < 0.00001
Il 7451 0.84(0.61-1.15) P=0.28
Chenetal. (2010)
12 7873 0.89 (0.55-1.44) P=0.65

De Geyter et al. (2000), Dietterich et al. (2002), Richter et al. (2007), Al-Ghamdi et al. (2008),

Dietterich etal. (2002), Aboulghar et al. (2005), Rashidi etal. (2005), Zhang et al. (2005), Richteretal.

(2007), Al-Ghamdi et al. (2008), Chen et l. (2010); Singh et al. (201 1)

ORs for clinical pregnancy improve with increasing thickness. However, ORs remain significantly lower up to a thickness of 10 mm.

Table IV Female age and number of oocytes retrieved in cases with EMT < 7 mm versus EMT > 7 mm.

Author Age (years) <7 mm Age (years) > 7 mm No. of oocytes <7 mm No. of oocytes >7 mm
Richter et al. (2007) 349 (£3.6) 33.7(£3.6) 17.8 (+6.8) 19.6 (+6.9)
Al-Ghamdi et al. (2008) 33.3(t45) 30.8 (£5.2) 9.0 (£5.2) 10.2 (£+5.6)
Bozdag et al. (2009) 33.1 (+£4.7) 31.3(+48) 10.5 (£ 6.0) 123 (+6.4)
Okohue et al. (2009) 30.8(£3.3) 309 (£3.2) 6.1 (£2.6) 6.5(£3.4)
Chenetal. (2010) 31.7(+£3.8) 31.0(£3.9) 1.1 (+6.0) 128 (+6.1)
Kinay et al., (2010) 36.7(+3.2) 333 (£5.1) 33(£25) 9.8(£6.9)
Kucetal 2011) 313 (£3.1) 303 (+£24) 6.9 (£2.7) 9.6 (£2.5)

Data are shown as mean (SD). Mean age in women with EMT < 7 mm was significantly higher (P < 0.001) and the mean number of oocytes retrieved was significantly lower (P < 0.001)

compared with the group with EMT > 7 mm.

Limitations

Some limitations of this systematic review need to be addressed. Al-
though study heterogeneity was low, differences in study quality
characteristics and study populations were present. Furthermore, the
definition of thin endometrium was not uniformin all studies and different
cut-off values were used. By constructingan ROC curve it was possible to
assess the effect of different cut-off values on the accuracy of EMT. Add-
itionally, an EMT < 7 mm was defined, by the authors, as thin EMT in the
prognostic analyses. This cut-off was chosen because most of the studies
reported thin EMT as <7 mm. It must be noted that pregnancy rates
improved with increasing EMT, but that pregnancy rates still appeared
to be significantly lower up to an EMT value of <10 mm (Table III). It
may therefore be incorrect to use one specific cut-off value to discrimin-
ate thin from normal EMT.

Another limitation is the reproducibility of EMT assessment. Karlsson
et al. (1994) described a mean discrepancy of 1.5 mm in measurements
of the endometrium between experienced and inexperienced sonogra-
phers. Delisle et al. (1998), however, described a good inter- and
intra-observer reproducibility of 95 and 94%, respectively. Also differences

in equipment (including resolution of ultrasound machines) could cause dif-
ferences in EMT measurements. For these reasons, a bivariate model was
used for the ROC analysis in the present review, which allows for variations
in the assessment of EMT and the choice of cut-off values.

It must also be mentioned that only seven studies could be included in
the meta-regression because the other studies reported insufficient data.
As a consequence it may not be correct to make conclusions about the
influence of potential confounders for the review as a whole. Moreover,
meta-regression was only performed for female age and number of
oocytes. Insufficient data were available for other potential confounders
such as embryo quality and hormonal parameters. Further research must
reveal the possible interrelation of other factors with EMT.

Lastly, many retrospective studies were included which are associated
with an inevitable risk of bias. The overall risk of bias in this meta-analysis
appeared to be high (Fig. 2). Only three studies described blinding of the
sonographers and selection bias appeared to be present in most of the
studies. The risk of verification and information bias remained undeter-
mined due to insufficient information. Results were no longer significant
and the effect size decreased by half if only prospective studies were
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included. This may have been due to the small number of cases in these
studies (n = 357). Therefore, the significance of the results is probably
mainly due to the effect of the retrospective studies.

Strengths

To the best of our knowledge this is the first review that not only sum-
marizes the evidence on the significance of EMT in IVF but also investi-
gates the role of possible confounders. An extended search was
performed in the electronic databases Pubmed, Embase and Cochrane,
resulting in 22 studies that could be included. The quality of the included
studies was assessed separately by two authors. Finally, different cut-off
values were included in the analyses.

Implications for clinical practice

Physicians are regularly confronted with the difficult decision of
whether treatment should be continued in cycles with thin EMT or
whether embryos should be cryopreserved for potentially better preg-
nancy chances in subsequent frozen embryo replacement cycles.
Based on the findings of the current review it can be concluded that
cancelling IVF treatment cycles seems not to be justified based on
solely a poor EMT. It is an important finding that pregnancy prospects
improve with a thicker EMT. However, the results must be interpreted
with caution because many retrospective studies were included. The
significance of the results disappeared when retrospective studies
were excluded from the meta-analysis and the effect of potential con-
founders in these studies therefore cannot be ruled out. Finally, differ-
ences in pregnancy prospects in relation to EMT as reported in the
literature may not be sufficient reason to have couples refrain from
continuing treatment.

Further research must reveal the possible interrelation of the factors
female age and oocyte number with EMT and thereby with the occur-
rence of pregnancy. Such research should preferably be based on individ-
ual patient data meta-analysis from multiple studies, which would solve
many of the methodological problems mentioned above. With such a
large data set, the accuracy of combining prognostic variables could be
assessed properly and the real independent predictive capacity of EMT
could be determined. Furthermore, a histology study might be of value
to unravel the pathophysiology at the endometrium level.

Summary

This systematic review and meta-analysis demonstrates that EMT has
limited capacity to identify women who have a low chance to conceive
after IVF. The frequently reported cut-off of 7 mm is only related to a
lower chance of pregnancy, but occurs infrequently. Therefore, the
use of EMT as a tool to decide on cycle cancellation, freezing of all
embryos or refraining from further IVF treatment seems not to be justi-
fied based on the current meta-analysis. However, further research on
the real independent significance of EMT in IVF is needed because of
methodological weaknesses of the included studies.
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