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Shoham, Weissman and Gleicher1 proposed an alterna
tive conceptual framework for implantation, based on evi
dence from extrauterine pregnancies. They argue that im
plantation consists of two distinct stages: an initial phase 
of trophoblastic attachment requiring only minimal biolog
ical conditions, followed by a second phase in which decid
ualization becomes essential for sustained placentation and 
fetal development. 

We propose a few modifications that may help in testing 
this view and its validity. 

PROBABILISTIC WOI 

Embryos transferred at different developmental stages may 
all implant successfully, despite variations in embryo–en
dometrial synchrony due to mismatch between the stan
dard and the actual endometrial developmental stage. 

We therefore propose that implantation should be de
scribed as a continuous probability function rather than bi
nary. Its minimal description requires a functional form and 
at least two parameters: a central value and a variance. 
These may vary from cycle to cycle. 

Such a model naturally explains: 

Rather than searching for a single implantation day, re
search should quote implantation probability for each day. 

SUFFICIENT OR NECESSARY? 

Shoham et al.1 proposed sufficient conditions for attach
ment: vascularity and mid-luteal progesterone exposure. 
We question whether these are necessary conditions that at
tachment fails in their absence. Both can be measured us
ing virtual histology. 

Measurable evidence for vascularity suggests optical 
identification of the vessels’ plexus2 and its evolution. 
Progesterone exposure can be measured through the glan
dular component, the first exposure-induced morphologi
cal evolution.3 

ENDOMETRIOSIS AND LIMITED EVIDENCE 

A central pillar of the two-stage model is the finding that 
the fallopian tube constitutively expresses integrin recep
tors without cyclical mid-luteal change. However, ectopic 
pregnancy is known to be linked to endometriosis while the 
constitutive-expression data is derived from fertile women 
with regular cycles rather than from women who went on to 
have an ectopic pregnancy. 

The possibility that endometriosis-related changes alter 
extrauterine sites and generate cycle-dependency in some 
patient, cannot be excluded by the existing data. 

VASCULARITY, PROGESTERONE, AND 
VASCULAR ARCHITECTURE AS A BOUNDARY 
CONDITION 

Trophoblastic invasion remodels the maternal spiral arter
ies. We suggest that the initial vascular network functions 
as boundary conditions on which the trophoblast builds. 
Such pre-attachment architecture may shape the attach
ment probability, placental development and pregnancy 
course. 

The pre-existing arterial plexus, may constrain how the 
trophoblast remodels maternal spiral arteries. Vascular pa
rameters should therefore be measured before, during, and 
after the presumptive window. 

FUTURE DIRECTIONS 

Future studies should pay particular attention to: 

• repeated implantation failure followed by sponta
neous success 

• differences in receptivity between women 
• cycle-to-cycle variability within the same woman 
• rising cumulative pregnancy rates with repeated eu

ploid embryo transfer 

• vascular architecture, measured longitudinally 
• necessity of vascularity and luteal progesterone ex

posure for attachment 
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CONCLUSIONS 

Measurements of physiological characteristics rather than 
molecular signatures may be an attractive solution. Virtual 
histopathology allows quantitative characterization of vas
cular and glandular change without relying exclusively on 
transcriptomic biomarkers. 
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• possible cycle-dependence of extrauterine biology in 
women with endometriosis 

• immune microenvironment and its responsiveness to 
progesterone 

• virtual histopathology predictive models, prospec
tively validated before clinical adoption 

Submitted: July 30, 2026 CDT. Revised: August 17, 2026 CDT.
Accepted: August 30, 2026 CDT. Published: September 17, 2026 
CDT. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-4.0). View this license's legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom

mons.org/licenses/by/4.0/legalcode for more information. 

Re-rethinking the window of implantation

Journal of IVF-Worldwide 39

mailto:tsafrir@iyar.org.il
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0/legalcode
http://creativecommons.org/licenses/by/4.0/legalcode


REFERENCES 

1. Shoham Z, Weissman A, Gleicher N. Rethinking the 
window of implantation: Evidence from extrauterine 
pregnancies supports a two-stage model of human 
implantation. Journal of IVF-Worldwide. 
2026;4(3):2026. doi:10.46989/001c.163465 

2. Kolatt TS, Shufaro Y, Mashiach S, Czernobilsky B, 
Aviel-Ronen S, Apel-Sarid L, et al. Revealing the 
uterine blood vessel network via virtual pathology. 
Reproduction and Fertility. 2023;4(1). doi:10.1530/
RAF-22-0135. PMID:36757338 

3. Or Y, Shufaro Y, Mashiach S, Czernobilsky B, Aviel-
Ronen S, Apel-Sarid L, et al. A new method for 
endometrial dating using computerized virtual 
pathology. Scientific Reports. 2023;13(1):1-11. 
doi:10.1038/s41598-023-48481-y. PMID:38042938 

Re-rethinking the window of implantation

Journal of IVF-Worldwide 40

https://doi.org/10.46989/001c.163465
https://doi.org/10.1530/RAF-22-0135
https://doi.org/10.1530/RAF-22-0135
https://doi.org/10.1038/s41598-023-48481-y

	Re-rethinking the window of implantation
	Probabilistic WOI
	Sufficient or Necessary?
	Endometriosis and limited evidence
	Vascularity, Progesterone, and Vascular Architecture as a Boundary Condition
	Future Directions
	Conclusions
	Data Availability Statement
	Conflict of Interest Statement
	Financial support
	Declaration of Generative AI and AI-Assisted Technologies

	References


