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been questioned by a lot of randomized 
controlled trials. 

Pinopods
Pinopods are the bleb like protrusions that are seen 
between the 19th and 21st day of menstrual cycle. 
These drinking feet are capable of absorbing the 
intrauterine �uid. This thus brings the blastocyst 
close to the endometrium thereby aiding the apposi-
tion, which is the �rst step of implantation. The 
presence of pinopods in the endometrium were �rst 
identi�ed in the year 1972.6-8

The appearance of pinopods is said to correspond 
to the putative window of implantation because of 
its limited expression for 2 days. If present, the 
pinopods become the preferred place of attach-
ment for the blastocyst. The presence of pinopods 
is signi�cant rather than its morphology.9 As 
morphology of the pinopods greatly vary, they 
cannot be considered as a de�nitive marker of 
window of implantation.  

Molecular aspects of endometrium 
around the implantation window
Extensive researches have been done on the 
molecular aspects of the endometrium during the 
period of implantation window. The molecules like 
Cellular adhesion molecules (CAM), Integrins, 
Cadherins, Selectins, Immunoglobulins etc were 
analyzed. CAM is surface ligands that usually are 
glycoproteins involving in the mediation of cell-cell 
adhesion. Selectins are said to have a rolling e�ect 
on the blastocyst. Integrins which are expressed 
throughout the cycle are expressed on 20th-24th 
day of menstrual cycle, but only the subunit β3 
mRNA expression was shown to increase after day 
19 which is undetected beforehand. Based on its 
expression pattern and epithelial localization, αVβ3 
has been proposed as a potential receptor for 
embryonic attachment and could become an indica-
tor of implantation window.10

Implantation is the eventual step of assisted repro-
duction, whereas pregnancy is the �nal goal. It is a 
very unique phenomenon which is not decodable. 
The blastocyst becomes connected to the endome-
trium through the placenta by a secretive dialogue.1-3 
The receptivity of the endometrium during the 
implantation window plays an important role along 
with other factors.

Endometrial receptivity or implantation window 
assessment is the latest interest in the �eld of 
assisted reproduction. There has been a lot of ways 
of assessing it, the recent one being “Endometrial 
Receptivity Assay (ERA)”.

The receptivity of the endometrium is indicated to 
some extent structurally and by means of changes in 
its secretion. Increase in the thickness, vasculariza-
tion, glands becoming tortuous and secretory 
because of the action of hormones are noted but 
these are not the de�nitive indicators guiding us 
towards the embryo transfer. These changes occur-
ring in the endometrium supposedly comes to end 7 
days after the ovulation.4

How it all began?
Noyes et al in 1950 was the �rst to establish 
morphological criteria to evaluate the 
endometrium. These criteria for decades remained 
the mainstay for de�ning endometrial receptivity 
even when it had inter- and intra-cycle variability. 
According to Noyes, the endometrium showed 
alterations in the epithelial glands from day 16 to 
day 20 of the menstrual cycle. The secretions of the 
endometrial glands were increased along with 
prominent subnuclear vacuolations long with 
decreased mitotic activity.  

On the 21st day, edematous changes appears in 
the stroma of the Endometrium.5 Assessment of 
window of implantation by Noyes criteria is 
debatable as the accuracy of the technique has 
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Endometrial receptivity assay (ERA)
ERA is a diagnostic test based on the genetic 
expression of the endometrium in which micro array 
transcriptomic analysis is done using the computer. 
This gives the status of the endometrium as recep-
tive or non-receptive, helping us to move towards a 
personalized window of implantation. The endome-
trial tissue is biopsied after 7 days of LH surge in the 
previous cycle and tested for gene expression. 
Approximately 238 genes are studied for their 
expression and receptivity result is given. It is said 
that the test is valid for 28 to 40 weeks. The study 
of transcriptome of endometrial receptivity has 
brought to light the fact that window of implanta-
tion is not �xed as believed earlier.

Endometrial receptivity may be di�erent even in the 
consecutive cycles and may vary between natural 
and stimulated cycle. Thus the validity of the test up 
to 40 weeks is questionable. It is also an invasive and 
expensive test which should be considered.

Therefore there is no clear idea about the implantation 
window and the day of embryo transfer to be done.

Natural cycle vs Stimulated cycle
The belief is that the drugs given for ovarian stimu-
lation for recruiting follicles advances endometrial 
development. The genetic expression of the endo-

metrium is altered due to those drugs during the 
implantation window period.11 Over 200 genes were 
expressed di�erentially in stimulated cycles. The 
pattern of expression is depended upon the type of 
down-regulation protocol used (agonist or antago-
nist) and also to the progesterone substitute for the 
luteal support.12 The supra-physiological levels of 
estrogen and progesterone during ovarian stimula-
tion may also alter the pattern, time and duration of 
the receptivity. This raises a question whether the 
window of implantation is open or closed at the time 
of aiming embryo transfer.

Quiet uterus – During the ovarian 
stimulation
A quiet uterus facilitates the embryo attachment and 
implantation by aiding in invasion.13 Absence of exces-
sive uterine contraction is found 4 days after LH surge 
in natural cycles which is altered in the IVF cycles. The 
uterine contractions are more between 4th to 6th day 
after HCG trigger14 in stimulated cycles which raises a 
question whether window of implantation is di�erent 
in natural cycles and in IVF cycles.

How wide is the Implantation Window?
The two hypotheses are:
(i) The window of implantation is open for a longer  
      period or
(ii) it is open for brief period15

In both the hypothesis, the onset is not known. 
Wesley in 1991 stated that the best indicator but an 
indirect marker for implantation would be the serum 
beta HCG. In a study in which beta HCG was meas-
ured between 28th day -35th day of cycle and the 
time of implantation was calculated based on secre-
tion of beta hCG >0.015ng/ml. 

It was also observed that successful pregnancies 
occurred when the implantation was between 8th 
and 10th day of ovulation and the miscarriage rates 
were higher when there was delay in the 
implantation.16

Soil or seed?
Blastocyst transfer claims to have better pregnancy 
rates, due to the ability to choose the better quality 
embryos. It is also claimed that synchrony between 
embryo and endometrium is better when a Day 5 
embryo transfer is done, thereby improving the 
implantation and cumulative pregnancy rates. Also, 
better neonatal outcomes have been observed with 
blastocyst transfer.

The �rst pregnancy and live birth from an embryo 
transferred at blastocyst stage (day 5–6 after egg 
collection) was published in the year 1985 and 1991. 
Since then, a constant increase in proportion of 
embryo transfers at blastocyst stage has been 
reported which has raisedfrom 1% in 2000 to 34% in 
2012 in UK. 17

Table 1: List of other factors involved in the 
embryo implantation

 
• Cytokines/ Growth factors 

• VEGF - Vascular Endothelial Growth Factor 

• EGF - Epidermal Growth Factor 

• IGF I and II - Insulin-like Growth Factor I and II 

• FGF - Fibroblast Growth Factor 

• TGF  -Transforming Growth Factor 

• Il-1 - Interleukin 1 

• Il-6 - Interleukin 6 

• Il-11 - Interleukin 11 

• LIF - Leukemia Inhibitory Factor 

• TNF - Tumor NecrosisFactor 

• IGFBP-1 - Insulin-like Growth Factor binding 

protein-1 

• CSF-1 - Colony Stimulating Factor 1 

• Enzymes/Tissue mediators 

• MMP-2 - Metalloproteinase-2 

• MMP-9 - Metalloproteinase-9 

• TIMPs -Tissue Inhibitors of 

• Metalloproteinases 

• PGE2 - Prostaglandin E2 
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Upon looking into the window of implantation in 
detail, the questions that arose are:

• Pregnancies occur in transferring Day 7 
embryos. But what is the maximum limit of day 
till the embryo transfer can be done?

• With recent advances blastocyst are transferred 
after obtaining results of PGD/PGS either in 
fresh cycle or frozen and transferred in the next 
cycle. Will endometrial receptivity array test 
change this routine? 

• Can it be an IMPLANTATION DOOR??

• If implantation window is from 19th day till 24th 
day  (ie) which corresponds to embryo day 5 to 
10, why no transfers are done on day 8, day 9, 
day 10?

• If stimulation affects implantation window 
should ET be deferred in the same cycle? 

• Is Freeze all, the answer for better pregnancy 
rate?

• How to find out when the implantation door 
opens and closes? 

• Will ERA give answers for everything in the 
future?Will there be a personalized implantation 
window?

• Implantation window may be small (Window) or 
big (door?) The day when it opens may be differ-
ent for all women or is it the same? In each 
woman does it change with each menstrual 
cycle?  If Stimulation alters receptivity, then how 
do pregnancies happen in fresh cycle embryo 
transfer? 

• What is the implantation window in the frozen 
embryo transfer cycles? Since the endometrial 
preparation is done by the clinician, why can’t 
the embryo transfer be done at any day in a HRT 
cycle? 

A lot of unanswered questions exist in the implanta-
tion window. We are right in what we are doing, but 
the exact duration of implantation window will be 
done only when the embryos are transferred on Day 
8, 9 or 10. Are we ethical in doing so? Window of 
implantation still remains a challenge for us to 
understand and if we can decode it then it can serve 
as a boon for the infertile couples.
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