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To define recurrent implantation failure (RIF) using current

consensus and understand challenges with the variability in
existing definitions.

Understand key factors that contribute to implantation
failure.

Employ evidence-based interventions for the management of
RIF.



Godeau et al. Science Advances. 2025


Presenter Notes
Presentation Notes
While not the focus of this discussion- human embryonic implantation is so very complex, are there continues to be so much we do not understand about it.  These images are from a large group including those at The Barcelona Institute of Science and Technology.  These recently published three-dimensional images and videos of a day 9 and later human embryos implanting into synthetic uterine tissue—demonstrates in vivid detail how embryos push and pull to anchor themselves in the uterus.



Definition



Implantation

Zegers-Hochschild et al. F&S 2017

Defined as attachment
and penetration of a
blastocyst into the
endometrium

Several factors

(blast transfer, ultrasound
guidance, etc)

have led to increased
Implantation rates
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Recurrent Implantation Failure (RIF)

* A group who may be at risk of unsuccessful implantation following
multiple embryo transfers has been defined

 ...and redefined

e ...and redefined...
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Wilton 2003 >10 Cleavage Stage Embryos No PGT

Klﬂ 2006 %{ ﬁge Staga Embryos Lﬁégd
Rewew ofRraviously

Goodman 2008 >8 Cleavage Stage Embryos No PGT

Sauer 2010 D@ﬁm’@h@ &0 No PGT

Coulam 2008 >4-6 Cleavage Stage Embryos No PGT

Firouzabadi 2009 >5 Cleavage Stage Embryos No PGT

Crniilarm YNNR S/ RlactAarviet EmmhrviAance NA DT



Lugano Writing Group @UNC
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* A group of esteemed authors met
in 2022 to discuss RIF

* RIF should be defined based on
failure to achieve a gestational
sac on US

Pirtea et al. F&S. 2021


Presenter Notes
Presentation Notes
On the heals of the Pirtea paper- which demonstrated 3 euploid transfers could achieve a 95% cum pregnancy rate in good prognosis patients- A meeting in of several esteemed clinicians and scientists occurred in Lugano Switzerland, and the Lugano team reviewed data regarding euploid transfer success rates, the implications of age, and cumulative pregnancy rates in these transfers.  Importantly they group decided that success in a cycle be defined as presence of a gestational sac on ultrasound, an item determined as sustained implantation.  We will circle back to this in coming slides.
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Lugano (cont.)

* The consensus was to assign

the diagnosis of RIF if patient

fall e d . Estimation model for of the number of unscreened good-quality
- embryos needed to be equivalent to 3 successive euploid embryo
° i transfers and achieve a 95% chance of sustained implantation on
at leaSt 3 eu p l Ol d the basis of the observed aneuploidy rate (20).
embryo transfers No. of untested blastocysts to
Observed achieve a 95% chance of
. Age (y) aneuploidy rate sustained implantation
* orthe equivalent number o 1
<33 yii| £
of unscreened embryos, o o s
adjusted to age Ny s

Recurrent implantation failure. Fertil Sterl 2023,

Recurrent implantation failure. F&S. 2023
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*  Why a 2" definition?

* The definition established by ASRM greatly mirrors the Lugano writing group,
and agrees with several factors (impact of age, risk of aneuploidy)

* Implantation definition differs
* As recurrent pregnancy loss studies are now defined including

biochemical pregnancies, our team greatly felt the definition should
include only negative HCG level cycles

Zegers-Hochschild et al. F&S 2017


Presenter Notes
Presentation Notes
The consensus reached by Luganogroup was that consideration of an RIF diagnosis should focus on failure to achieve ‘‘sustained’’ implantation (defined as a gestational sac identified on ultrasound [US]). This definition does not literally follow the concept of ‘‘implantation failure,’’ but neither clinicians nor patients consider a biochemical pregnancy an ART success. Furthermore, this definition allows differentiation from recurrent pregnancy loss.
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* RIF should be defined as
the falled |mp|a ntatIOﬂ Of 40 Euploid Embryos (95% Sustained Implantation)

th t t d b 1: “.‘;r__, Untested Embryo Range (95% Sustained Implantation)
e estimated number o 2
good-quality blastocyststo s 5,
achieve a 95% cumulative 2
chance of a positive s
pregnancy test. 2

E

Z

10

Pirtea et al. F&S. 2023

Gill et al. Hum Reprod.2024 0 - d g - p—
Ata et al. F&S. 2021 <35 35-37 38-40 41-42 >4
Age Group

Franasiak et al. F&S. 2014



Presenter Notes
Presentation Notes
Importantly, this data some what mirrors the Lugano paper as data is available for sustained implantation not only negative HCG.  The same sources were used to determine implantation rates for euploid embryo transfers.  Our data with respect to the number of number of nontested embryo transfers to meet the definition- is based on known levels of aneuploidy per age, but also differences in implantation of tested/nontested embryos in several studies  As more cycles as likely to result in positive HCG levels, but not meet sustained implantation, it is reasonable to consider the lower level of these values (3 euploid, 5+ for nontested).  
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Implantation and euploidy rates were derived from studies of PGT-A with comprehensive chromosome analysis published until 2021. The
estimates are merely theoratical and actual cumulative implantation rate may differ for each patient.

| want to use my own data for euploidy rate No
Age of woman at the time of oocyte collection Euploidy rate
<35 0.65
35-37 0.55
38-40 0.25
41-42 0.25
=42 0.08
Euploid blastocyst implantation rate 0.6

RIF calculator
VARIABLES

Expected cumulative implantation rate (%) 95.899375

Patient status Patient may have recurrent implantation failure
When a woman has received blastocyst which were derived from oocytes collected at different ages and/for blastocysts some underwent PGT-A and some not, expected cumulative implantation rates can
be calculated separately for each scenario, i.e., using different age brackets, and blastocyst euploidy status (known euploid or untested), and the figures can be summed up to calculate expected cumulative

implantation rate for that patient.

Ata et al. F&S. 2021



Presenter Notes
Presentation Notes
So how do you get to a 95% chance of +HCG in patients?  I think we have much work to do for that.  This is a great calculator I found in Dr. Boris Ata’s 2021 manuscript where he proposed some calculations to determine the diagnosis of recurrent implantation failure.  This calculator, which does not define implantation as +HCG vs US findings, uses euploidy rates for age groups, allows for a modifiable implantation rate which can be customized to your clinic, and a calculation of how many tested or untested embryos results in a 95% or higher chance of implantation.  In this instance we said the patient was under 35 with tested embryos, and a chance of implantation of 60% per embryo- which resulted in needing 4 transfers before hitting the 95% mark.  
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* Several studies have suggested that this may be a statistical
aberration- that with enough treatment- all patients would conceive

Probability
or risk =,E'E_q / @q

Odds =p:q @ > 0 q

* These studies often restrict the populations studied to well-screened
patients, with normal endometrial measurements

Pirtea et al. Fert Stert. 2023
Gill et al. Hum Reprod. 2024


Presenter Notes
Presentation Notes
Ok- let’s stop and take a deep breath.  I don’t’ want to leave this section without saying the following:
These definitions are guidance, but not mean to practice the art of medicine.  Where you decide as clinicians evaluate them for possible other issues regarding implantation failure is up to you and your patient.
Its possible this condition does not exist- when you look at studies and math probability – are we simply over stating the fact that patients will get pregnant at the rate when all factors are controlled?  Its tough to say that- given the constraint of previous studies to a well selected population- but till will tell.


Factors Affecting Implantation



Endometrium

Non-Modifiable Cycle Factors

)

Day of
Blastulation

)

Blastocyst
Progression

)

Morphology
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<35 years old =35 years old Odds Ratio QOdds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Harton et al 2013 134 233 209 424 1B.7% 1.38[1.01, 1.82] N
Irani et al 2019 125 227 286 558 196% 1.08 [0.80, 1.48] _—p
Munne et al 2019 75 152 62 122 10.9% 0.94 [0.58, 1.52] = o
Reig et al 2020 2368 3789 2488 4386 41.8% 1.27 [1.16, 1.39] =
Whitney et al 2014 45 53 88 118 4.0% 1.92 [0.81, 4.53]
Yan et al 2021 452 877 16 29 5.0% 294 [1.38,6.27] — =
Total (95% CI) 5031 5637 100.0% 1.29 [1.07, 1.54] -
Total events 3199 3159
Heterogeneity: Tau® = 0.02; Chi* = 8.40, df =5 (P = 0.14); I* = 40% :0 P 0:5 1 2
Test for overall effect: Z = 2.74 (P = 0.006) 5 =35 'years old <35 years old
<35 years old =35 years old Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Harton et al 2013 182 413 276 638  10.7% 1.14 [0.89, 1.46] ) i
Irami et al 2019 144 255 345 615  T.6% 1.02 [0.76, 1.36] N A
Munne et al 2019 a2 152 73 122 2.8% 1.03 [0.63, 1.67] = e
Reig et al 2020 2582 379 2778 4386 TT.9% 1.25[1.14, 1.37] .
Whitney et al 2014 B4 73 132 161 1.0% 1.56 [0.70, 3.50] ]
Total (95% CI) 4682 5922 100.0% 1.22[1.12, 1.32] L
Total events 3084 3604
Heterogeneity: Tau? = 0.00; Chi® = 2.94, df = 4 (P = 0.57); P = 0% =° 2 0=5 ; é
Test for overall effect: Z = 4.74 (P < 0.00001) ) =35 'yaars old <35 years old
<35 years old =35 years old Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Randem, 95% CI IV, Random, 95% CI
Harton et al 2013 14 148 19 228 54% 1.15[0.56, 2.37]
Irani et al 2019 12 136 32 324 58% 0.88 [0.44, 1.77] =
Munne et al 2019 17 92 1" 73 41% 1.28 [0.56, 2.93]
Reig et al 2020 224 2592 290 2778 83.T% 0.81 [0.68, D.97] '.'
Whitney et al 2014 2 47 7 95 1.1% 0.56 [0.11, 2.80]
Total (95% CI) 3015 3498 100.0% 0.84 [0.71, 1.00] -
Total events 269 359
Heterogeneity: Tau® = 0.00; Chi# = 2,10, di =4 (P = 0.72); P = 0% =D.2 035 H é

Test for overall effect: Z = 2.00 (P = 0.05)

=35 years old <35 years old

Vitagliano et al. Fert Stert. 2023


Presenter Notes
Presentation Notes
This is a meta-analysis from Vitagliano et al in 2023- and what I want to draw your attention to is Figure 2 B in the middle, with implantation rates higher in patients under 35 who received a euploid embryo transfer.  Figure 2 C in the bottom shows a mirrored increase in miscarriage rate for women over 35.  (The largest study by Reig et al carries the most weight and really is powered with nearly 4400 patients- so I do think there is something here with our older patients.  
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Presenter Notes
Presentation Notes
The figure on the left is from over 30,000 euploid embryo transfer cycles from an international multicenter retrospective study, while on the right is a figure from frozen thawed cycles of both tested and untested embryo transfers in the United States between 2016-2018.  Both studies demonstrated an increased success noted from 7mm rising, with the international study demonstrating odds of live birth reduced by 22% in programmed cycle's- not seen in natural cycles but the figure bellow suggests .  Both studies demonstrated gains in success in endometrial measurements up to approximately 11-12mm.



Day 5 vs 6...7? A
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Fig.3 Euploidy rate by maternal age and day of biopsy

p=0.02 p=0.02

p=0.04 — — Table 2 Clinical outcomes following transfer of a euploid embryo biopsied on day 5 or day 6
I 1 p=0.04 p=0.04 p=0.04
= L 1 I—1 I—1 Day 5 biopsy (N=353) Day 6 biopsy Unadjusted RR Adjusted RR

Referent (N=198) (95% CI) (95% CI)

Implantation rate 247 (70.0) 125(63.1) 0.90 (0.80, 1.02) nfa
Miscarriage rate 26(7.4) 14 (7.1) 0.96 (0.51, 1.79) 0.98 (0.52, 1.83)

60 ~ e =

g 3 o Ongoing pregnancy rate 231 (65.4) 112 (56.6) 0.86 (0.75, 1.00) 0.87 (0.75, 1.00)
20 i Live birth rate® 137/220 (62.3) 61/123 (49.6) 0.80 (0.64, 0.98) 0.81 (0.65, 1.00)
- Values represent n (%)

) *Live birth data available for embryo transfers prior to May 1. 2021. Missing due to loss to follow-up prior to May 1, 2021 (day 5 biopsy= 1)
Relative risks adjusted for patient age and BMI
30 ’ y : n/a=adjusted statistics were not performed since implantation rate was calculated as a pooled effect estimate
N ~ Of note, the 95% CI for adjusted RR for live birth rate is 0.65-0.996, which is significant. The unadjusted RR and Adjusted RR for ongoing

%

20 pregnancy rate are not significant (95% CI for both: 0.75-1.003)

10

BIOCHEMICAL IMPLANTATION CLINICAL LIVE NEWBORN MISCARRIAGE
PREGNANCY RATE RATE PREGNANCY RATE RATE RATE

mDay5 mDay6 Day 7

Gordon et al. JARG 2022
Abarca-Rodriguez et al. JARG 2025


Presenter Notes
Presentation Notes
Lets compare a couple studies regarding day of embryo biopsy and implantation success.  The figure on the left is demonstrating clinical outcomes following day 5, 6 and 7 euploid embryo transfers- from a multicenter study in Spain.  They found strong decreases in embryo success on day 6 and 7 embryos compared to day 5.  The study on the right is a retrospective study from Brigham and Womens, comparing clinical outcome between day 5 and day 6- with a higher live birth rate for day 5 embryos, but nearly significantly associated when controlling for all factor, and no difference in implantation rate.  


Day 5 vs 6 continued

Day 6, % (35% CI)

Day 7, % (95% CI)

57.9% (56.9%—58.9%)
3.9% (3.5%—4.3%)

25.5% (24.3%—26.6%,)
0.4% (0.3%—0.6%)

;:saém demographic, embryological, and genetic data of cycles included in the study
Baseline data United States European Fyalue
Demographic data
Participants, n BO51 4382 -
Stimulation cycle procedures, n 7564 4555 -
Embryo transfer procedures, n 4828 5487 -
Mean female age at the time of stimulation cycle (500 5.0 + 4.1 365+ 56 <.0M
Mean female ange at the time of embryo transfer (S0) 354 4 4.0 388439 <.0M
BMI female, mean (=50) 26.8 4+ 5.9 232 4+ 41 <.0M
AMH (ng/mL), mean (+50) 38+ 41 26+ 36 <.0M
Endometrial thickness, mean (£50) 03+18 924+ 44 A8
Cycle data
Retrieved oocyte(s), mean (+50) 17T+ 12 137 7.2 <.0Mm
MIl oocyte(s), mean (+50) 135 + 8.7 1.2 +57 =.0m
2PN zygoteds), mean (+50) M2+74 BE+ 46 <.0Mm
Biopsied embryo(s), mean |50 S8 L 38 <.001
W
Day 5, % (95% CI) 38.2% (37.3%—39.2%) T4.1% (73.0%—75.3%) <00

HUNC

SCHOOL OF
MEDICINE

Gill et al. AJOG. 2025 (online)


Presenter Notes
Presentation Notes
This is data from a large, multisite, double-blinded, nonselection study across US and Europen fertility clinics specifically looking at does reporting putative mosaicism based on intermediate copy number improve the prediction of reproductive outcome- but I want I want to look at quickly is just the baseline demographics and embryo/genetic data.  Look at what I can only explain is variations in freezing embryos on day based on either location of clinic, or variations in clinical practice.  I think the jury is still out on the question of whether day 6 or 7 embryos strongly effect clinical outcome.  We will come back to this study in a few slides.
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Table 5. Pregnancy outcomes in live birth cycles, stratified by the fmmﬂ%a‘ﬁim\ga}r of cryo Tali
Female age (years) Day 4 / Day 5 \ / Day 6 \ Day 7 P-value
=35 ET cycles, n 9 656 226 &

Live birth, n (3%) 7(77.8p° 401 (61.1)* 64 (28.3)" o (o)® =0.0001
35-37 ET cycles, n 14 B39 298 10

Live birth, n {3) B (42.9)2® 389 (45.4)" 6% (22.8)° 1 (10.0)% =0.0001
3840 ET eycles, n 15 1147 431 13

Live birth, n {3%) 7 (46.7)° 384 (33.5)° 74 (17.2)" o (o)® <0.0001
4142 ET cycles, n 5 817 403 18

Live birth, n {3) 2(33.3)° 169 (20.7)° 20 (5.0)° L <0.0001
=42 ET cycles, n g 709 481 29

Live birth, n (3%) 1(11.1)*F 57 (8.0) 16 (3.3)° 1(3.5)**F 0.0079
ET: embryo transfer.

*" Different superscript letters indicate a significant difference at F < 0.05. \\/ \\/

Coticchio et al. Human Reproduction 2023.


Presenter Notes
Presentation Notes
I don’t think I am stating anything groundbreaking here, its fairly intuitive that those untested embryos that do not make it to blastocyst until day 6 or 7 have reduced potential to lead to live birth.  This study out of quantifies non-PGT tested embryos, and the numbers suggest a nearly 50% reduction in live birth in all ages, some more, with day 6 embryos, and rarely a transfer led to a pregnancy in day 7 untested embryos.  
think there is something here with our older patients.  
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A Poor Morphology Embryo Good Morphology Embryo
0.8 y

S -+ Day 5 Euploid Blastocyst Progression

E 0.7 -=- Day 5 Blastocyst Progression

-'é_ 0.6 +- Overall Blastocyst Progression m—

S 05

£

2 0.4

& 03
T T T T 1 T T T T 1
20 40 60 80 100 20 40 60 80 100

Blastocyst Progression (%) Blastocyst Progression (%)

Huang et al. Fert Stert. 2025


Presenter Notes
Presentation Notes
This study, by Dr. Huang at UCSF- demonstrated blastocyst progression is an important factor for success.  If you patient has 15 2pn embryos on fert check, but now only has one blast to transfer or biopsy- but this study really puts into perspective that decrease in success.  On the right- a good morph, euploid embryo- has nearly a 15% decreased success of implantation if blast progression was 20-30%.  Interestingly the non-tested embryos had less impact.  The right shows similar impacts to poor quality embryos.


UNC

TAELE 2 DISTRIBUTION OF EMBRYO MORPHOLOGY AND DAY OF BIOPSY

Primary analysis

(n = 229 embryos)

Secondary analysis
{n = 203 embryos)

Day 5 good (AA/AB/BA)

48 (21)

42 ()

Day 5 fair (BB/CB)

84 (38)

74 (38)

Day 5 poar (BC/CC)

33 (14)

30 (15)

Day 6 good (AAAB/BA)

3

21

Day & fair (BB/CB)

17 (7

15(7)

Day & poar (BC/CC)

42 18)

40 (20)

Data are given as n {%).

(A) 100

80%
0%

60%

Sustained
Implantation 50%
Rate per Embryo o

3%
208
10%

%

(B) too%

0% 4

BO%
0%
60%
Live Birth
Rate per Embryo
40%
30%
20%

10%

0%

50% |
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-

33 34 35 36 7 38 3%

Age [years)

e %

34 35 36 ar 38 39
Age (years)

—s—day 5 good quality
day 5 fair quality

=a=day 5 poor quality

~-day & all

=a=day & good quality

day 5 fair quality

=i—day 5 poor quality

~i-day & all

FIGURE 2 (A) Primary analysis of best-fit sustained implantation rates per embryo and (B) secondary analysis of best-fit live birth rates per embryo.
MNine-year moving age groups are used for data analysis. Linear interpolation is used to centre the outcome rates on each integer of age.

Awadalla et al. RBMO 2021


Presenter Notes
Presentation Notes
This is a retrospective study from the folks at the University of Southern California, demonstrating the effect that both age and morphology of euploid embryos have on implantation success.  The good quality day 5 embryos have far away the best sustained implantation potential.  Interestingly the fair and poor embryo categories included CB in fair, and BC in poor- and have a relatively similar performance line.  The take away for me if that even with patients under 35, fair/poor morphology reduces sustained implantation by 15-20% for patients. 
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Gill et al. AJOG. 2025 (online)


Presenter Notes
Presentation Notes
This is that large multicenter study I referred to earlier- looking at the blinding of intermediate copy number and the effect of success.  
What I want to show is on the left, a logistic regression analysis for effect on live birth- and you can see the 3 strongest predictors of success in the large study are day of biopsy, number of failed transfers, and morphology- and on the right a decision tree for this study, and the authors state the “Among embryos negative for uniform aneuploidies, the most influential parameters identified for prioritization were the day of biopsy and morphological grading”
So it just circles back around to the point that day or embryo cryo/biopsy and morphology seem to be independent predictors of success, even in large studies such as this.


Summary of Risks BUNC
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* Age affects implantation, even of euploid embryos

* Try to optimize size of endometrial lining- at least to 6mm, but higher
Increases success

* Counsel patients on possible decreased success on day 6-7 embryos,
low blast progression

*  Morphology matters- even in euploidy (Good >Fair and Poor?)



Possible Interventions for RIF
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* Aneuploidy is a known cause of
treatment failure

*  No study has demonstrated a
benefit of PGTA in RIF

* (Consider this with shared-
decision making with patients-
but its not evidence based
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Parental Chromosome Abnormalities
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a - "
Deletion — ——p

‘e

Inversion

f f
Translocation i — > = E —_—
DNA

Protein
—
== —— Q000
Promoter Coding Deregulated
region expression
—P
7
O Coding Coding Chimaeric
region region protein Raziel et al. Fert Stert. 2002
o Va Dijk. Hum Reprod Update. 2020
_ L = « Loss of Stern et al. Hum Reprod. 1999
Translocation Disrupted coding region function

Coughlan et al. J Obstet Gynaecol. 2013


Presenter Notes
Presentation Notes
Small studies have suggested increased rates of chromosomal abnormalities in patients with recurrent implantation failure, with initial studies suggesting rates as high as 15% in patients who have failed greater than or equal to 15 transferred embryos.  More recent and larger studies with varying definitions of RIF have suggested much lower rates of chromosome abnormalities, ranging from 2-3% in these populations.  Given this data, parental karyotyping can be considered to investigate parental chromosomal abnormalities as a risk for RIF.
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Sperm DNA Frag

* Small study suggested no
benefit of testing DNA
fragmentation in RIF patients.

Spermatogonia

Spermatocytes

Early spermatids

Elongated spermatids

* There are changes to possible
treatment and testing.

Mature spermatozoa
Seminiferous
Tubules

(i) Apoptosis during spermatogenesis
(i) DMA strand breaks during spermioge

* There is no current data to
suggest a role for this testing in
RIF patients. i Sidiuats o e g

(v) DNA damage induced by radio and

1 chemotherapy; and

(iii) Post-Testicular DNA (vi) DNA damage induced by environmental
'Fr’ﬂngIEﬂTﬂﬂDn via ROS toxicants,

Sakkas et al. Fert Stert. 2010


Presenter Notes
Presentation Notes
This figure is from Dr. Denny Sakkas and his modern trend article from 2010 detailing the mechanisms of inducing DNA damage to sperm. Sperm DNA fragmentation testing has grown in the past 15 years, and even to the point in 2021 where the combined ASRM/AUA document suggested an testing sperm DNA fragmentation should be considered in RPL patients. A small study in 16 patients with 3 failed transfers with at least 4 good quality embryos compared to 7 controls demonstrated no increased DNA fragmentation in the RIF cohort.
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Cavity (Re)Evaluation

* Endometrial cavity evaluation prior to embryo transfer is a well-
established

* Treat the pathology!

* There is conflicting data on repeating cavity evaluation for RIF
patients.

* Reasonable to consider this (no data that HSC is superior)


Presenter Notes
Presentation Notes
Uterine cavity is a well established step to rule out abnormalities of the female reproductive tract (including septate uteri, endometrial polyps, leiomyomas, and intrauterine adhesions) before embryo transfer.  While we will not cover the impact of these possible pathologies here, it is worth saying they deserve attention.  What if you patient had a normal saline sonogram, then failed three transfers, it is work repeating the cavity evaluation.  Data is mixed in this area.  In one RCT --hysteroscopy (HSC) did not improve outcomes among RIF patients with two to four failed IVF cycles in their next transfer, while another prospective study did suggest an increased ability to detect errors.  It is reasonable to consider a repeat eval, but I would argue there is no superior way to do it.
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Performing the embryo transfer:
a guideline

Practice Committee of the American Society for Reproductive Medicine T'hE F|'_'|]] ﬂwi_ng i_n[EWE-n‘[ i_|'_'| s are Eupp |'_'|]'[E|:I h:!l.' ‘[]'|_E- ]j‘[Em—
ture for improving pregnancy rates:

# Abdominal ultrasound guidance for embryo transfer

« Removal of cervical mucus

# Use of soft embryo transfer catheters

# Placement of embryo transfer tip in the upper or middle
ceniral) area of the uterine cavity, greater than 1 cm
from the fundus, for embryo expulsion

« Immediate ambulation once the embryo transfer procedure
is completed

Practice Committee. Fert Stert. 2017
Galati et al. Sci Rep. 2023


Presenter Notes
Presentation Notes
The ASRM practice committee published the guidelines for performing embryo transfer 9-10 years ago, and that was also was the time in which ASRM started the embryo transfer simulators- which I really felt increased my ability to these correctly.  Nevertheless, much is not known regarding difficult embryo transfers.  One study suggests relative reductions of clinical pregnancy of 24% if embryo transfers are difficult.  It is not known whether this is also a cause of recurrent pregnancy loss, but following these guidelines are warranted, and for patients with challenging embryo transfers, consider optimizing before transfer (use of cervical dilation, mapping with hysteroscopy, use of stitch, calling for help?)
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Endometriosis and Adenomyosis
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Presenter Notes
Presentation Notes
Endometriosis has long been associated with decreased success in embryo transfers- and while some studies have differed on the impact of endometriosis, well constructed studies suggest a true impact of endometriosis and adenomyosis.
In a recent Swedish prospective cohort study published in Human reproduction , a matched cohort of 742 patients without endo/adeno to 293 patients with diagnosed endometriosis and/or adenomyosis- matched for Age, BMI, AFC, AMH, and parity- demonstrated a nearly 15% decrease in live birth rate, cumulatively, over 3 cycles of IVF/ICSI- without genetic testing.  The cumulative live birth of control was 85% vs 70%in the combined group of endo/adeno.  The endo only group has nearly 10% higher chance of live birth compared to adeno only.
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Endometriosis and Adenomyosis
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* Diagnosis modalities have
evolved- yet surgical diagnosis
remains the gold standard.

*  Women with endo and
infertility benefit from GnRH
agonist or surgery.

* Reasonable to extrapolate this
to RIF? adenomyosis?

Bazot et al. Fert Stert. 2017
Chapron et al. Hum Reprod. 2020
Hodoeon et al Fert SQtert 2020
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Presentation Notes
As diagnostic modalities are increasing for endometriosis and adenomyosis, it is important to consider these as a possible cause of recurrent implantation failure.  How do we treat patients if we suspect these disorders?  

A large, systematic review and meta-analysis showed that women with known endometriosis and infertility have improved odds of pregnancy with either laparoscopic ablation of disease or GnRH agonist therapy (52). 
Unfortunately there is little data on the treatment of endometriosis or adenomyosis in the setting of recurrent implantation failure.
One large, retrospective, cohort study noted that patients that failed the transfer of two blastocysts had higher clinical pregnancy and live birth rates when treated with GnRH agonist therapy and an aromatase inhibitor for two months prior to FET compared to women receiving only GnRH agonist therapy for two months or no treatment - although this study excluded women with known endometriosis, the authors theorized that the treatment was effective due to underlying undiagnosed endometriosis. 

Taken together, it is reasonable to offer patients with endometriosis or adenomyosis gonadal suppression with gnRH agonist and/or aromatase inhibitors.
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BCL6 Testing
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* BCL-6 is known oncogene thought to be
upregulated with endometriosis

* Testing for endometrial presence on
BCL-6 has been marketed as a method

to detect endometriosis, PR, CE

* A positive test prompts consideration of
hormonal suppression

Almquist et al. Fert Stert. 2017
Nezhat et al. JSLS. 2020
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Presentation Notes
It has been proposed that women with RIF should undergo testing for endometriosis and treatment if found. B-cell Lymphoma 6 (BCL-6) is a key oncogene that is upregulated in endometriosis (58) and has been associated with poor reproductive outcomes in IVF cycles (59).  Studies suggest BCL-6 has a 96% positive predictive value for a diagnosis of endometriosis compared with laparoscopy (60)


BCL-6 for RIF? EERC
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* One study suggested high correlation with a + BCL-6 and laparoscopy,
and higher LBR with treatment

* Does progesterone interfere with BCL-67

A small case-control demonstrated no association with +BCL-6 and
increased IR/LBR

* @Given conflicting data on BCLG- its not ready for RIF primetime.

Likes et al. JARG. 2019
Huang et al. Fert Stert. 2023
Klimczaket al. Fert Stert. 2022
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Presentation Notes
and BCL-6 positive patients had higher implantation rates, clinical pregnancy rates, and live birth rates when treated with either GnRH agonist therapy for 2 months or laparoscopic resection than women with expectant management prior to embryo transfer (61).
A recent retrospective cohort study noted that the endometrial BCL-6 histologic score (HSCORE) was significantly lower in patients receiving exogenous progesterone exposure compared to natural cycle scores, questioning the validity and utility of BCL-6 testing in differing FET cycle protocols (62). Additionally, a recent small case-control study of normal responders showed no association in BCL-6 expression and live birth outcomes in cohorts who failed one transfer vs those attempting first transfer, questioning the utility of this test (63).  


Chronic Endometriosis

* Chronic endometritis has long
been studies as a possible
cause of RIF

* Like RIF- little agreement on
diagnostic criteria of CE

* Systematic review- antibiotics
and TOC?

* Luteal biopsy

HUNC
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H&E + CD138 staining |

el

AN

No plasma 1-2 plasma cells =2 plasma cells >3 plasma cells Plasma cell A
cells per section per 10 HPFs per section clusters
Y
No treatment indicated | | Treatment controversial® Treatment recommended |

1* line: Doxycycline 100 mg twice daily for 14 daM

2nd line: Ciprofloxacin 500 mg twice daily
+ Metronidazole 500 mg twice daily for 14 days*

3rd line: Augmentin 500 mg twice daily for 10 days*

Algorithm for Evaluation and Treatment of Chronic Endometritis. CD138 staining is used as a guide to identify plasma cells and treatment is
performed on the basis of plasma cell counts using criteria as outlined. *Consider in the setting of risk factors for chronic endometritis, *Test-
of-cure recommended after completion of treatment. H&E = hematoxylin and eosin; CD138 = immunohistochemical staining for syndecan-1;

HPFs = high powered fields.
Strug. Chronic endometritis and fertility. F S Rev 2024.

Vitagliano et al. Diagnostics. 2022
Cheng et al. JARG. 2022
Strug. F S Rev. 2024
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Chronic endometritis has long been on the differential for patients with implantation failure.  Several observation studies have suggested it as a cause of repeat Implantation failure- in 30 percent or higher of RIF in some studies.
Unfortunately, like RIF- several definitions and treatment modalities have been used in these studies, and several definitions have been used to define RIF in them. 
Nevertheless, a systematic review and meta-analysis by Vitagliano demonstrated deleterious impacts of chronic endometritis, but only those with a test of cure has a rise in pregnancy rates- with an odds ratio of over 5 when compared to these without a test of cure.  Its important that this study restricted CE to a diagnosis using 5 or more plasma cells per high powered field.  
This figure to the right from an F*S Review article by Dr. Strug and senior author Dr. Ruth Lathi- it does a great job based on a review of literature laying out what to do with different diagnostic criteria, and gives some recommendations on treatment.  
Their recommendation include biopsy during the late follicular or early luteal phase, (ADVANCE) diagnosis using >3 plasma cells per tissue section (or >2 per 10 high power fields), and doxycycline followed by a test-of-cure endometrial biopsy.
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* Taken together, the data suggests
It reasonable to test CE in RIF

PLASMA CELLS
patients

Cytoplasm
* Antibiotic treatment is warranted

Nucleus

e Studies lack true consensus on a
test of cure

Ribosomes

Golgi apparatus

Strug. F S Rev. 2024
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In summary studies in the population who have failed a varying number of embryo transfers, there are also varying diagnostic criteria for chronic endometritis.  Nevertheless, data does suggest diagnosis and treatment may increase pregnancy rates.  Data is less firm that a test of cure is needed- but it may be reasonable if using strict diagnostic criteria similar to those presented by in the previous slide. 


Endometrial Receptivity for Implantation failure @UNC
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* Two randomized controlled trials have demonstrated no improvement
in LBR with endometrial receptivity testing

* A secondary analysis demonstrated an AUC of 0.52 as a test to
diagnose implantation failure

*  BUT- they did not include women with >2 failed transfers

Simon et al. RBMO 2020
Doyle et al. JAMA 2022
Chae-Kim et al. F&S 2023
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* Studies (as expected) vary with RIF
definition

* A meta-analysis of studies that
used >2 previous failures

demonstrated no benefit of test in
next transfer.

* “personalized” -- maybe is time to
weigh this test and growing data
vsS our vow to do no harm

Arian et al. F&S 2023
Raff etal. F&S 2022
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* Alarge meta-analysis suggested rmmmammomm
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Melo et al. Fert Stert. 2021
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Checking progesterone levels and supplementing with additional progesterone was suggested in several studies in the past few year. This meta-analysis was performed in 2021- ultimately suggesting checking prog levels may be of some benefit.  Many of these studies included vaginal progesterone.   Discuss progestone levels were checked at diff times in these studies, and none are randomized studies
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For frozen embryos- data from the Devine et al
RCT demonstrates PIO IM (at least g3) is superior

Interestingly, this study measured P4 levels 2
weeks after FET

Finding the vaginal progesterone only cohort was
more likely to have progesterone levels below 9
ng/ml when compared to IM cohorts

PROGESTERONE

Devine et al. Fert Stert. 2021
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* One RCT looked at installation of G-CSF into endometrial cavity in
RIF patients- no difference in outcomes

* PRP- several studies have been performed, but to date- do not
suggest a role in RIF patients

* Other add-ons (lovenox/heparin, IVIG, TNF-alpha inhibitors) also
have not demonstrated efficacy in RIF patients

Kalem et al. Sci Rep. 2020.
Katsika et al. Hum Reprod. 2025.
Santiago et al. Reprod Biol. 2021
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The low quality of the available initial clinical studies along with variability in the definition of that the current evidence is insufficient to inform clinical practice with respect to PRP.
A single-arm, prospective study of 91 women with RIF, who had failed at least three IVF cycles with five good quality embryos transferred, showed an approximate 76% implantation rate and 63% live birth rate following treatment with etanercept. This study was limited by a small sample size and lack of a control group


Diet/Smoking/Weight loss SRS

MEDICINE

*  Smoking has previously been demonstrated to decrease implantation
rates

» Studies suggest obese women have decreases in implantation and
live birth as BMI rises

* Three RCTs have demonstrated that weight loss for these patients
does not increase chance of success in fertility treatments

* More work is needed (GLP1)- but little data is present for these items
with regards to RIF

Practice Committee ASRM. Fertil Steril. 2021
Practice Committee ASRM. Fertil Steril. 2024
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Good clinical judgement is needed

Obesity treatment may increase chances of spontaneous pregnancies.


Clinical Scenario Possible Testing/Intervention

Testing and treatment to consider after detailed history and review of IVF cycles when RIF is suspected

Structural causes

Genetic

Inflammatory

Not currently recommended
Sperm

Endometrial

Immunologic

Endometrial cavity assessment with SHG,
hysteroscopy (HSC), or 3D US.

Parental karyotypes for structural chromosomal
rearrangements

Testing and treatment for chronic endometritis

GnRH agonist or aromatase inhibitor estradiol
suppression in women with endometriosis or
adenomyosis

DNA fragmentation

Endometrial receptivity panels
BCL-6 testing

Endometrial scratching

IVIG

G-CSF

Heparin or Lovenox

Imaging studies (SHG and 3D US) offer ability
to screen for pelvic abnormalities (i.e.
hydrosalpinx), while HSC may offer concomitant
treatment of pathology and co-testing for CE.

May be considered, although evidence is
inconclusive for improvement in live birth rate
and cannot routinely recommend.

May be considered, although evidence is
inconclusive and cannot routinely
recommend.

Lack of evidence showing improvement in live
birth in RIF population.

Lack of evidence showing improvement in live
birth in RIF population.

Lack of evidence showing improvement in live
birth in RIF population.

Lack of evidence showing improvement in live
birth in RIF population.

Lack of evidence showing improvement in live
birth rate in RIF population.

Lack of evidence showing improvement in live
birth rate in RIF population.

Lack of evidence showing improvement in live
birth rate in RIF population.



Future of RIF

* Debating of definition likely to
continue- but closer to
agreed definition?

e Research is needed!

* Or perhaps- we will circle
back to the possibility this ..
diagnosis doesn’t exist?


Presenter Notes
Presentation Notes
Revisiting implantation definition
Experiments with implantation
Repeating studies previously performed with new definition(s) -  ADVANCE
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Thank you and I will stand by for any questions or comments
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