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Implantation as the rate-limiting step in ART
IVF from the patient’s perspective
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euploid aneuploid

succesful pregnancy

RIF

denied implantation

REPL

Embryo versus Endometrium
Craciunas et al., 2019 
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euploid

(n=4429 patients)

95.2%

(n=123 987 patients) 98.1%

n=105 
with at least 1 additional 
euploid blastocyst transfer

Repeated Implantation Failure
Pirtea et al., F&S 2021 Gil et al., HR 2024 

?



Implantation as the rate-limiting step in ART
RIF following oocyte donation?

Condition or a cut-off?
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Williams et al., F&S 2022 



Implantation as the rate-limiting step in ART
Why do euploid blastocysts not implant?

Condition or a cut-off?

Cimadomo et al., 2023 



Adenomyosis

Endometrial ‘pathology’?
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Displaced/aberrant window of implantation

Immunological profile

Microbiota - Microbiome

Chronic endometritis

Endometrial thickness
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BIVF microbiome - CE studies 

CEREV Retrospective observational cohort study (n=786 patients)
2020-2021

FLORA Prospective observational cohort study (n=1000)
Interim analysis n=335; 500 included; 2023-ongoing

ART MB Prospective observational cohort study (n=300)
2016-2019



12.05.26 9

ART MICROBIOME

Oral presentation ESHRE 2024 – Manuscript ready to submit

NCT03105453
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ART MICROBIOME

BMI ³ 30 kg/m2

AB < 3 weeks
Surgical sperm

IVM / PGT
Endometriosis

REPL
Chronic disease

Caucasian
<40 years

1st or 2nd cycle
Antagonist 

Blastocyst SET
Normal AMH

Inclusion

Exclusion

NCT03105453

Oral presentation ESHRE 2024 – Manuscript ready to submit
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1) What are the relevant confounders of the 
baseline LRT microbiota composition?

à cycle phase
à intercourse

2) What is the impact of ovarian stimulation 
on these microbial communities?

à confounder-independent effect of E2 
rise on microbiome communities, 

i.e. increased diversity

3) Are LRT microbiota associated with outcome? 
Are they biomarkers that can predict ART success?

à baseline microbiota communities are associated to (C)LBR
à ↑ Anaerococcus/Peptoniphilus ∼↓ (C)LBR

BUT: low accuracy for prediction

Clinical relevance of the LRT microbiota’s impact on reproductive outcomes following ART is unclear.
Caution is warranted in case of microbiota-based decisions in ART. 

ART MICROBIOME
NCT03105453

Oral presentation ESHRE 2024 – Manuscript ready to submit
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ART MICROBIOME
NCT03105453

Pre-OS microbiota communities 
are not accurately predictive of CLBR

Machine-learning models determined that :
- Anaerococcos and Peptoniphilus proportions alone did not have a good accuracy
- the number of HQ embryos showed a good accuracy
- adding microbiota only slightly improved the model’s accuracy

Oral presentation ESHRE 2024 – Manuscript ready to submit
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ASSOCIATION IS NOT PREDICTION

Toma and Wei, 2023
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Vaginal dysbiosis in IVF patients: RCT study flow
Haarh et al., Nature Com 2025 
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Vaginal dysbiosis in IVF patients: RCT results
Haarh et al., Nature Com 2025 
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Vodstrcil et al., NEJM 2025 
Bacterial vaginosis treatment – partner?
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BIVF microbiome - CE studies 

CEREV Retrospective observational cohort study (n=786 patients)
2020-2021

FLORA Prospective observational cohort study (n=1000)
Interim analysis n=335; 500 included; 2023-ongoing

ART MB Prospective observational cohort study (n=300)
2016-2019
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BIVF digital image-based CE scoring algorithm

Score 0 No positive stained plasma cells
Score IPC Less than 5 isolated, scattered positive stained plasma cells 
Score 1 ³1 cluster of 5-19 PCs/0.25mm2

Score 2 ³1 cluster of 20-49 PCs/0.25mm2

Score 3 ³1 cluster of 50 or more PCs/0.25mm2

Excellent interobserver agreement between pathologists
+

Machine learning algorithm outperformed pathologists in the clinically most relevant 2-tier-system

Manuscript in preparation
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CEREV
Retrospective observational cohort study (n=786 patients)

2020-2021

HISTOLOGY

R
O
U
T
I
N
E

2020
1 x AB treatment 

(followed by treatment continuation) 

2021 
1 x AB treatment 

(followed by rebiopsy) 
+ 2nd course if indicated 

1-YEAR FU

n=585 
with at least 1 subsequent ET

Submitted @ ESHRE 2026
Petrone et al. 



CEREV Submitted @ ESHRE 2026
Petrone et al. 
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CEREV Submitted @ ESHRE 2026
Petrone et al. 
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Quenby et al., ESHRE 2025
In line with upcoming research?

CERM trial
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FLORA

Prospective observational cohort study (n=1000)
2023; ongoing - interim analysis n=335; 500 included

vaginal + endometrial microbiome sample  // HISTOLOGY

HYSTEROSCOPY // standardized score sheet

NCT05337072
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FLORA

HISTOLOGY

1st biopsy; 
n=335

CE diagnosis based on 
histology
+ -

CE diagnosis 
based on 

hysteroscopy

+ 34 (10.1%) 72 (21.5%)

- 45 (13.4%) 184 (54.9%)

Disconcordance hysteroscopy / biopsy

2nd biopsy; 
n=39

CE diagnosis based on 
histology
+ -

CE diagnosis 
based on 

hysteroscopy

+ 4 (10.2%) 11 (28.2%)

- 5 (12.8%) 19 (48.7%)

BIVF unpublished data

HYSTEROSCOPY // standardized score sheet
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FLORA

HISTOLOGY

Endometrial 16S rRNAseq

Vaginal 16S rRNAseq

Is there a specific CE microbiome signature?
NCT05337072

HYSTEROSCOPY // standardized score sheet
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FLORA
Relative abundace BIVF unpublished data



FLORA
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Alpha diversity – within sample BIVF unpublished data



FLORA
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Beta diversity – in-between sample BIVF unpublished data



Implantation as the rate-limiting step in ART

Condition or a cut-off?
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Conclusion and future perspectives

32

Impact on reproductive outcomes is unclear

No clear relationship between female reproductive tract microbiome and CE

No standardized diagnostics
No standardized therapeutics

Association is not causation

Non-selection study to assess CE/microbiota and the impact on clinical outcomes (FLORA 2.0)

Correct selection of patient population (RIF – REPL?)
Large samples size and attention for confounders (PGT-A / EPL of non-chromosal origin)



Implantation as the rate-limiting step in ART

Condition or a cut-off?
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Let’s not underestimate the complexity

33

Molina et al., 2021

euploid aneuploid

mosaic

Koot et al., 2018



Implantation as the rate-limiting step in ART

Condition or a cut-off?
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Which analysis (test) is most relevant?

34

Sola Leyva et al., 
Hum Rep Open 2026
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