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Abstract

Human endometrium has a key role in implantation process. The measurement of endometrial thickness is the most commonly
used in clinical practice. Managing patients with thin endometrium still represents a major challenge for clinicians. The objective
of this systematic review was to investigate all available interventions to improve endometrial thickness (EMT) in women with
history of thin endometrium undergoing fresh or frozen-thawed embryo transfers (ET). We performed a comprehensive search of
relevant studies from January 1978 to February 2018. The different strategies were categorized as hormonal, vascular, and growth
factor approaches and specifically analyzed according to the type of ET. Thirty-one studies were included. Overall, quality of the
evidence ranged from very low to moderate, with only few randomized controlled trials that support the use of either GnRH
analogues in fresh ET or sildenafil in frozen ET for enhancing endometrial growth. Besides, intensified estradiol administration is
a common approach that might improve EMT in frozen ET. The present review evidences the paucity of reliable data regarding
the efficiency of different interventions aiming at increasing EMT before fresh or frozen-thawed ET. Robust and high-quality

randomized controlled trials are still needed before guidelines can be established.
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Introduction

Since assisted reproductive technology (ART) has been devel-
oped, clinicians and researchers aimed to improve their pro-
cedures with a unique goal: increasing the live birth rate.
Endometrial receptivity is a critical feature for pregnancy
achievement. How to characterize optimal endometrium be-
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fore embryo replacement remains an open question [1].
Several tools for endometrial evaluation have been investigat-
ed [2]; among them, ultrasound assessment of endometrial
thickness (EMT) is widely used as a routine prognosis factor
for pregnancy. Thin endometrium not only implicates lower
pregnancy rate [3, 4] but also seems to be associated with
adverse perinatal outcomes [5], miscarriages [6], or abnormal
placentation [7]. EMT below 7 mm is the most frequently
reported cutoff to define a thin endometrium [8—12]. The prev-
alence of thin endometrium varies across published studies: it
ranges from 2.4% [12] to 8.5% [13]. Several therapeutic alter-
natives have been explored to improve EMT and subsequent
chances of live birth, but thin endometrium remains a chal-
lenging situation for clinicians.

We report in this systematic review all interventions that
have been investigated specifically in women with thin endo-
metrium undergoing either a fresh or frozen-thawed ET. The
treatment options were classified in three main approaches,
corresponding to physiological pathways or mechanisms in-
volved in normal endometrial growth: (i) “hormonal” treat-
ments, (ii) “vascular” treatments, and (iii) “growth factor”
treatments.
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Material and methods
Literature search

In order to embrace an overview of the present literature about
thin endometrium, a first exhaustive search on thin endome-
trium was achieved over a 10-year period (January 2007 to
May 2017). Secondly, a complementary search focused on
therapeutic strategies for thin endometrium over a 40-year
period (January 1978 to February 2018) to answer our ques-
tion about EMT improvement in thin endometrium population
during an ET cycle.

Studies were identified by searching multiple literature da-
tabases, including PubMed, Embase, and Cochrane Library,
and clinical trial registers (ClinicalTrials.gov and EudraCT).
The searches were limited to publications in English involving
human subjects.

For the first search, a combination of Medical Subject
Headings (MeSH) and text words was used to generate two
subsets of citations, one including studies involving thin en-
dometrium and the second including studies of in vitro fertil-
ization, intracytoplasmic sperm injection, intrauterine insemi-
nation, and embryo transfer. The two subsets of citations were
then combined with “AND” generating a set of citations rele-
vant to the research question. Strategies for electronic search
of database were the following combined search terms: ((“em-
bryo transfer” [MeSH Terms] OR (“embryo” [All Fields]
AND “transfer” [All Fields]) OR “embryo transfer” [All
Fields]) OR (“iui” [All Fields] OR (intrauterine [All Fields]
AND (“insemination” [MeSH Terms] OR “insemination” [All
Fields]))) OR (“in vitro fertilisation” [All Fields] OR
(“fertilisation” [All Fields] AND “vitro” [All Fields]) OR
“fertilisation in vitro” [All Fields] OR (“vitro” [All Fields]
AND “fertilisation” [All Fields]) OR “fertilization in vitro”
[MeSH Terms] OR (“fertilization” [All Fields] AND “vitro”
[All Fields]) OR “fertilization in vitro” [All Fields] OR
(“vitro” [All Fields] AND “fertilization” [All Fields]) OR
“in vitro fertilization” [All Fields] OR “ivf” [All Fields]) OR
(“sperm injections, intracytoplasmic” [MeSH Terms] OR
(“sperm” [All Fields] AND “injections” [All Fields] AND
“intracytoplasmic” [All Fields]) OR “intracytoplasmic sperm
injections” [All Fields] OR (“sperm” [All Fields] AND “in-
jections” [All Fields] AND “intracytoplasmic” [All Fields])
OR “sperm injections, intracytoplasmic” [All Fields] OR
“icsi” [All Fields])) AND ((Thin [All Fields] AND (“endome-
trium” [MeSH Terms] OR “endometrium” [All Fields])) OR
((“endometrium” [MeSH Terms] OR “endometrium” [All
Fields]) AND thickness [All Fields]) OR (endometrial [All
Fields] AND thickness [All Fields])).

A targeted search on therapeutic strategies was carried out
using the first search strategy combined with the following
search terms (and their variants): “therapeutics,” “granulocyte
colony-stimulating factor,” “aspirin,” “human chorionic
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gonadotropin,” “sildenafil citrate,” “oestrogen,” “antioxi-
dant,” “vitamin E,” “alpha-tocopherol,” “pentoxifylline,”
and “nifedipine.”

Study selection

Abstracts of scientific meetings and conference proceedings
were not considered. Two authors (T.A. and M.G.) performed
an initial screening of the title and abstract of all articles and
clinical studies to exclude citations deemed irrelevant by both
observers. The full texts of potentially relevant articles were
retrieved and assessed for inclusion by three review authors
(JR., C.S,, and N.R.). Any disagreement or uncertainty was
resolved by discussion among reviewers to reach a consensus.
The quality of studies was judged using a modified version of
the grid reading of the French National Authority for Health.
The grid was based on three major criteria: selection of sub-
jects, comparability of study groups, and assessment of EMT.
Studies included in our systematic review met 3 mandatory
criteria: (i) patients included in the study had a present or past
history of thin endometrium; (ii) patients included in the study
were planned for an ET; and (iii) a treatment aiming at im-
proving endometrial thickness was assessed.

Data extraction

Data were extracted from included articles by all five re-
viewers, using a data extraction form developed for the pres-
ent review. No investigator was contacted in case of missing
or obscure data. The following data were extracted: authors,
year of publication, title, study design, definition of thin en-
dometrium, inclusion criteria, treatment, mode of administra-
tion, adjuvant treatment, number of subjects in each group,
main outcome, secondary outcomes, results in each group,
and conclusion.

Results
Study selection and characteristics

In total, 1268 articles were collected from the PubMed (n =
625), Embase (n=322), and Cochrane (n=321) databases.
Then, after duplicates and congress abstract removal, 865 ab-
stracts were screened. Full texts of 151 studies were assessed
in details. One hundred sixteen studies did not reach inclusion
criteria and 4 were either reviews or meta-analysis. Thirty-one
studies were finally included in this systematic review. Fifty-
six studies recorded in ClinicalTrial.gov and EudraCT were
retrieved but were not included in final analysis due to missing
conclusive data (Fig. 1).
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Selected studies were carefully analyzed and subsequently
classified according to the mechanism proposed to overcome
thin endometrium.

Hormonal approach

Hormones, especially estrogen, play a key role during follic-
ular phase for proper endometrial growth [14, 15]. Hence,
several hormonal strategies have been promoted to overcome
thin endometrium. Eight studies had tested hormonal treat-
ments such as estradiol administration adjustment [7,
16—-19], hCG priming in the follicular phase [20, 21], or
GnRH agonist during luteal phase [22]. Baseline characteris-
tics of included studies are reported in Table 1 and treatment
protocols are illustrated in Fig. 2.

Estradiol administration adjustment

Prior to ovulation, estrogen plays an essential role in endome-
trial regeneration and growth [14]. Three strategies were stud-
ied in thin endometrium population during HRT to enhance
EMT:

1. Increase in estradiol administration duration and dose. A
prospective trial reported a significant EMT increase after
an extended estrogen therapy for 14 to 82 days (mean
value 30 days), with significantly higher pregnancy rate
than in the control group (38.5% vs. 4.3%, P=0.016) [7].
Most patients had a thin endometrium after an endometri-
al curettage or uterine surgery.

2. Change in administration route. While oral route for es-
tradiol administration is widely prescribed owing to its
simple and well-tolerated use, parenteral routes may in-
crease estradiol (E2) serum concentration through
bypassing of first-pass hepatic metabolism [23]. In partic-
ular, vaginal route results in higher serum E2 concentra-
tions and its greater efficiency of E2 delivery to the endo-
metrium makes it a good option when achieving adequate
EMT with oral route is challenging [24]. A retrospective
study compared extended oral estrogen administration
and additional vaginal estrogen administration in inade-
quate endometrial patients on day 13 of HRT [17].
Vaginal E2 administration was associated with higher in-
crease in EMT but failed to show improvements in preg-
nancy rates. However, a prospective trial using 4 mg of
additional E2 given vaginally did not observe
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Fig. 2 Hormonal therapeutic options for thin endometrium before an
embryo transfer. Blue background with frozen flake identifies FET
cycle. Timing for treatment introduction and ending is specified (D,

inhibit normal pituitary-gonadal function and are widely pre-
scribed in daily reproductive medicine practice. As GnRH
agonist use in the luteal phase has been suggested to improve
embryonic developmental potential, the impact of a single
administration of GnRH agonist at the time of implantation
in oocyte recipients was explored and reported improved im-
plantation rate and live birth rate [30]. However, the method-
ology of subsequent studies on the topic is heterogeneous;
thus, the addition of GnRH agonist to progesterone for luteal
support seems promising but cannot be recommended in the
general population [31, 32]. Several GnRH analogue injec-
tions during luteal phase for patients with a thin endometrium
at the time of oocyte pick-up significantly improved implan-
tation and clinical pregnancy rates (22/60 versus 8/60 in the
control group, p <0.01). Furthermore, treated patients from
this RCT displayed a significant increase in EMT compared
with the placebo group [22].

“Vascular” approach

Several treatments improving uterine blood flow have been
suggested for thin endometrium management. In fact, high
blood flow impedance of uterine radial artery was reported

day; i.e., D2, 2nd day of menstrual cycle). Administration route is
represented: subcutaneous in yellow, vaginal in red, and oral in dark
yellow. ET, embryo transfer; OR, oocyte retrieval

in thin endometrium [33]. One could hence expect to improve
EMT by increasing uterine blood flow. Nine studies had fo-
cused on a vascular approach and proposed treatment of thin
endometrium with sildenafil citrate [16, 34—37], aspirin [38],
pentoxifylline-tocopherol [39, 40], or electrostimulation [41].
Baseline characteristics of included studies are reported in
Table 2, and treatment protocols are illustrated in Fig. 3.

Sildenafil

Sildenafil citrate is a selective phosphodiesterase type 5 inhib-
itor that enhances nitric oxide—mediated vasodilatation by
blocking cGMP hydrolysis. Sher and Fisch first published
the use of sildenafil to treat patients with recurrent thin endo-
metrium, undergoing a fresh embryo transfer. They observed
an improvement in uterine blood flow and in EMT [34]. Such
result was confirmed in a larger cohort study a few years later,
with 45% of pregnancy rate [35]. Somehow, previous endo-
metritis was observed to decrease the response to sildenafil
[35]. Three RCT [16, 36, 37] investigated the potential benefit
of sildenafil on endometrial growth and subsequent pregnancy
with conflicting results. A single RCT reported no significant
improvement in EMT and pregnancy rate after sildenafil and
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valerate estradiol administration during the luteal phase fol-
lowing fresh ET [37], unlike Sher and Fisch who administrat-
ed sildenafil during the follicular phase and until ovulation
trigger. Similarly, in HRT cycles, a second RCT failed to ob-
serve any improvement in EMT nor uterine blood flow [16].
At least, a third RCT including a larger number of HRT cycles
reported enhanced EMT with triple-line endometrial pattern in
77.5% of patients versus 30% in the control group (p <0.001).
In addition, chemical pregnancy rate was higher in the silden-
afil group, although not significantly [36].

Aspirin

Low-dose aspirin is believed to improve uterine blood flow
[42]. Although no benefit has been shown in unselected IVF
patients [43, 44], low-dose aspirin administration could be
helpful for patients with thin endometrium. Indeed, a RCT
explored the effect of aspirin in oocyte recipients with refrac-
tory endometrium receiving HRT [38]. Patients treated with
aspirin showed significantly higher implantation rate (24%
versus 9%, p < 0.05). However, this was not associated with
a demonstrable increase in EMT.

Pentoxifylline and tocopherol

Pentoxifylline is a non-specific phosphodiesterase inhibitor
with vasodilating effect and that improves the flow properties
of blood by decreasing its viscosity. Alpha-tocopherol (or vi-
tamin E) is an antioxidant reinforcing pentoxifylline action
when administrated together and acting as well as a vasodila-
tor itself. Two observational studies with a small number of
patients explored the impact of the association of
pentoxifylline and tocopherol during 3 to 6 months [39, 40]
and reported improved EMT and pregnancies [39, 40].

Neuromuscular electrical stimulation and biofeedback
therapy

Pelvic floor neuromuscular electrical stimulation (NMES) is
commonly used in urology and gynecology and obstetrics
during pregnancy and post-partum period, but not in repro-
ductive medicine. A prospective cohort study suggested that
repeated NMES could be applied to patients with refractory
endometrium undergoing an HRT cycle for a frozen ET, as it
significantly increased EMT [41]. Stimulating uterine smooth
muscle contraction might enhance uterine blood flow, leading
to improved peripheral tissue trophicity.

Growth factor approach
Various growth factors are involved in endometrial growth.

The past decade has been marked by a growing interest in
their use in reproductive medicine [45]. Hence, 19 studies
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proposed the use of intrauterine instillation of growth factor
treatments such as G-CSF [46-58] or platelet-rich plasma
[59-61]. Baseline characteristics of included studies are re-
ported in Table 3 and treatment protocols are illustrated in
Fig. 4.

Granulocyte colony-stimulating factor

Granulocyte colony-stimulating factor (G-CSF) is a glycoprotein
produced by numerous tissues, involved not only in hematopoi-
esis but also in endometrial growth [62]. It was hence hypothe-
sized to improve the success rates in women with recurrent thin
endometrium. G-CSF intrauterine infusion was first successfully
described in 2011 by Gleicher et al., in four patients undergoing
frozen-thawed ET with HRT [51]. Authors reported noteworthy
EMT expansion to at least 7 mm within approximately 48 h from
G-CSF intrauterine infusion in patients previously resistant to
conventional treatment with estrogen and vasodilators. All four
patients conceived. In 2013, the same research group conducted
another prospective observational cohort study in fresh IVF cycle
including 21 infertile women with an EMT < 7 mm on the day of
hCG administration and refractory to traditional treatments with
estradiol, sildenafil citrate, and/or beta-blockers, and EMT signif-
icantly increased [46]. This innovative remedy applied to small
group of patients demonstrated encouraging results.

Several studies subsequently evaluated the effectiveness of G-
CSF in women with thin endometrium in stimulated IVF cycles
with fresh ET [47-50]. All of them reported an increase in EMT.
Only one randomized controlled study, using saline solution as a
control, showed significant EMT increase [50]. They observed
an enhanced implantation rate after G-CSF (10.3% vs. 5.4%, p =
0.001); however, clinical pregnancy rate was not significantly
higher, probably due to small sample size.

Similarly, numerous studies assessed the effectiveness of
G-CSF in women with thin endometrium in frozen-thawed ET
[52-58]. None of them was randomized; four were controlled
(mainly with a group of patients refusing G-CSF infusion).
Only one study reported a significant increase in EMT; how-
ever, clinical pregnancy rate was not improved with 5 preg-
nancies among 29 patients in the G-CSF group versus 5/33 in
the control group [58].

Intrauterine infusion of platelet-rich plasma

Platelet-rich plasma (PRP) is an autologous concentrate of
platelets suspended in a small amount of plasma after centri-
fugation to which a platelet activator is added in order to
activate the clotting cascade, leading to release of numerous
cytokines and growth factors. This provides a local environ-
ment that is thought to improve regeneration and is applied in
various tissues [63].

An observational study by Chang et al., published in 2015,
first evaluated the role of autologous PRP in thin endometrium
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Fig. 3 Vascular therapeutic options for thin endometrium before an
embryo transfer. Blue background with frozen flake identifies FET
cycle. Timing for treatment introduction and ending is specified (D,
day; S, stimulation day; i.e., DI, 1st day of menstrual cycle).

in five patients undergoing frozen ET cycles. The ET in-
creased 48 to 72 h after PRP infusion in all the patients and
reached >7 mm on the day of progesterone administration.
All five patients were pregnant [59].

More recently, two cohort studies evaluated the role of intra-
uterine infusion of autologous PRP on EMT and pregnancy, in
women undergoing frozen ET cycles with suboptimal endome-
trial pattern. The authors reported an EMT increase and 5 patients
out of 10 were pregnant [60]. Moreover, a significant increase in
endometrium vascularity was described [61].

Since our systematic review of the literature, four additional
studies (including one randomized trial) were published regard-
ing the impact of PRP on endometrial growth for thin lining
[64—67]. Their results suggest that PRP infusion could statistical-
ly increase the EMT in thin endometrium patients. This needs to
be confirmed by large randomized and controlled trials.

Discussion and perspectives
In the present systematic review, we expose the evidence
found in the literature about therapeutic alternatives for pa-

tients with thin endometrium undergoing a fresh or frozen-
thawed ET. We specifically focused on studies including
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Administration route is represented: vaginal in red, oral in dark yellow,
and electrostimulation in orange. ET, embryo transfer; HRT, hormonal
replacement therapy

patients with a present or past history of thin endometrium.
Most studies have methodological limitations such as small
sample of patients, etiology for thin endometrium not speci-
fied, retrospective analysis, and non-randomized or uncon-
trolled trial. Moreover, their primary endpoints varied from
one study to the other and would not always be the EMT but
could also focus on implantation rate or clinical pregnancy
rate.

As illustrated in Figs. 2, 3, and 4, treatment prescriptions
between studies were not homogeneous with various doses,
mode of administration, and adjuvant treatment. Furthermore,
in frozen-thawed ET, HRT cycles were readily subject to mis-
cellaneous protocols. Thus, the tremendous lack of solid evi-
dence impedes our efforts towards election of optimal treat-
ment in ET cycles with thin endometrium. We summarized in
Fig. 5 available strategies disclosed in literature after rating
them according to the degree of published evidence.

Few studies explored potential interventions to enhance
endometrial growth before fresh ET. On one hand, injection
of GnRH agonist during luteal phase appears of interest sug-
gesting a direct effect of GnRH agonists on the endometrium
[22]; however, this particular publication needs to be validated
by additional studies. On the other hand, sildenafil citrate ad-
ministration and G-CSF infusion in fresh cycles cannot be
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Fig. 4 Growth factor therapeutic options for thin endometrium before an
embryo transfer. Blue background with frozen flake identifies FET cycle.
Days of intrauterine perfusions (D, day; i.e., D12—13, 12th or 13th day of
cycle) and total dose of growth factors are specified. Administration route

recommended in common practice, owing to non-significant
or conflicting results.

Most studies evaluated interventions during FET and espe-
cially with HRT protocol, probably because freeze-all strategy
became more popular over the past years [68]. First, intensi-
fying estradiol administration might improve EMT in FET and
HRT cycles with either extended estradiol treatment [7] or
switch to parenteral routes [17]. Second, sildenafil administra-
tion is associated with encouraging outcomes on EMT and
endometrial pattern [36]; however, heterogeneity in sildenafil
administration in the few published studies might be owing to
conflicting results. Third, the numerous studies assessing G-
CSF infusion in FET cycles reported contradictory results on
EMT. Two recent meta-analyses inquired about the interest of
G-CSF infusion in patients with thin endometrium [69, 70]
and reported increased implantation and biochemical pregnan-
cy rates although no statistical significance in increasing EMT
was detected. Somehow, these results should be interpreted
with caution because of the small sample size and limited
methodological strength of each study. As a matter of fact,
only one study was properly controlled with a placebo and
RCT are lacking.

@ Springer

is represented: intrauterine perfusion in green, with a white border when
facultative. ET, embryo transfer; HRT, hormonal replacement therapy;
OR, oocyte retrieval

How to stimulate endometrial growth remains unsolved.
Regenerative medicine might develop into a useful tool for
enhancing endometrial growth. Endometrial cell reconstruc-
tion relies on different sources of stem cells such as mesen-
chymal stem cells in the endometrium, bone marrow—derived
stem cells, or even human embryonic stem cells [71]. It ap-
pears as a promising therapeutic option for patients with en-
dometrial atrophy or Asherman’s syndrome wishing to con-
ceive [72]. One pregnancy has been successfully obtained
after such endometrial regeneration [73]. This could be an
interesting option to explore in patients with thin endometrium
and a normal uterine cavity.

Thin endometrium: a problematic issue in the medical
literature

Definition and cutoff

As mentioned, there is no clear definition of a “thin”” endome-
trium in the literature. The most frequently reported cutoff for
EMT to be thin is 7 mm [8—12] but some authors also used a
cutoff of 6 mm [40, 74] or 8 mm [6, 75]. Conversely, in some
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Fig. 5 Summary of proposed
strategies in case of thin
endometrium according to fresh
or frozen embryo transfer. In dark
purple, treatments with low to
moderate evidence. In light purple
with dotted border, strategies with
unclear effect. In pale purple
without border, interventions with
no evidence of benefit

FRESH EMBRYO TRANSFER

THIN ENDOMETRIUM

l l

FROZEN-THAWED
EMBRYO TRANSFER

Estradiol administration
adjustment

LOW TO MODERATE
EVIDENCE

| NMES

luteal phase

GnRH agonist during ' hCG

Sildenafil citrate

G-CSF infusion

Sildenafil citrate

studies about thin endometrium, ET was canceled if EMT was
below 6 mm [76], and we might hypothesize that patients with
very thin endometrium were never transferred. It is hence
extremely challenging to base our investigation on such het-
erogeneous population.

Furthermore, EMT is an ultrasound measurement, there-
fore subject to intra- and interobserver variability.
Interobserver variability was estimated to be about 1 mm +
0.8 mm [77]. Although reproducibility has been shown to be
satisfying [78], such variability in the measurement requires
prudent interpretation in terms of clinical relevance and care-
ful clinical decisions.

Integrating several imaging parameters might enhance our
competence in pregnancy prediction [79]. Hence, future stud-
ies should focus on validating the most effective combination
for endometrial receptivity assessment through ultrasound
criteria such as endometrial pattern [80] or endometrial

UNCLEAR
EFFECT

Pentoxifylline / tocopherol

Platelet rich plasma
infusion

Aspirin

G-CSF infusion

NO EVIDENCE
OF BENEFIT

volume [81, 82] as well as electing the best timing for such
evaluation [83].

Previous controversy about thin endometrium
and pregnancy rate

In the past, studies exploring the relationship between EMT
and pregnancy outcomes had conflicting conclusions, and
some authors even questioned the clinical relevance of EMT.
A meta-analysis from 2014 [12] inquiring about the impact of
EMT on IVF outcome indicated that thin endometrium <
7 mm was an infrequent situation and that it should not differ
embryo replacement as live birth rate was not significantly
reduced (OR 0.38 (95% CI 0.09-1.5)). For some authors,
EMT appears not to be a good predictor of pregnancy
[84-86]. This is consistent with some case reports disclosing
pregnancy on very thin endometrium, below 4 mm [87-90].

@ Springer
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The association between EMT and live birth rate might be
non-linear [13] but thin endometrium appears to have a good
negative predictive value [91]. While the influence of endo-
metrial thickness on IVF outcomes was previously debated,
recent papers over the past decade based on several thousands
of embryo transfers clearly asserted by now the negative im-
pact of thin endometrium on both pregnancy rates and obstet-
rical outcomes [4, 6, 13, 92-94], especially during fresh ET
cycles [91].

Conclusion

At present, treatment of thin endometrium remains challeng-
ing for clinicians, as lack of solid evidence impedes support of
one therapeutic option versus the other. Well-designed and
adequately powered RCT are required to evaluate the most
appropriate approach to improve EMT and subsequent preg-
nancy and live birth rates in women with thin endometrium.
As described in this review, multiple treatments are available,
based on various mechanisms. We should probably enrich our
endometrial investigation with a more functional approach.
This would allow identification of individualized physiopath-
ological pathway involved in this abnormal endometrial
growth, so as to subsequently offer personalized treatment.
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