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Multidisciplinary Approach

Fig. S: Multidisciplimnary tearm: reproduuactive medicine spaecialist,
embbhbryologist, counsaslor, climical geneticist,  imrrmunologist, amnd emn-—
docrimoaolaogisi.
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* Couple should also Be explained about further plan of action and the
scientific rationale behind this plan.
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Flowchart 5: Management of recurrent implantation failure.

Management of RIF
mproving gamete and Improving Treatment of
embryo quality and endometrial multifactorial
improving embryo transfer receptivity effectors




Treatment of Poor Oocyte Quality
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Co-culture:
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Preimplantation genetic screening (PGS)
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Mitochondrial DNA load measurement
(mitoscore)
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Time-lapse imaging and metabolomics:
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Improving Embryo Transfer Ultrasound-guided Embryo

Transfer
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* newer techniques like transvaginal ultrasound guidance (TV-US) for
embryo transfer, 3D ultrasound, uterine length measurement before
transfer (ULMDbBET) have not been studied

J‘QJGA‘\:\‘J\U:UA.LSMU‘J:}AJGAAJCJ\A&\AJJ}AJJ@:\MJA‘}AL&SU"

* the literature focus is mostly on day 2—3 embryo transfers, making
the applicability of the results to day 5 transfers difficult



Embryo Glue and Adherence Compounds
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* Cochrane review by Bontekoe et al. 2014 included 17 RCTs with 3,898 participants,
demonstrating moderate quality evidence for an improvement in CPR
and LBR and an associated increase in multiple pregnancy rate
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Sequential Embryo Transfer

* The possible disadvantage of this strategy is that the second insertion
* of the catheter can cause trauma to the endometrium or

* stimulate the secretion of prostaglandins which could initiate

* uterine contractions.

* |t could also cause additional microbial contamination and introduce
* more mucus into the uterine cavity thus affecting implantation.



* The possible advantage of sequential embryo transfer is that this
* interval embryo transfer could affect the endometrial cavity in a
* positive manner by inducing factors that enhance implantation.

* Double embryo transfer which happens with sequential embryo
* transfer can be beneficial in women with RIF.

* There are conflicting evidences with regard to sequential embryo
* transfers where a few studies support its useand others do not



Freeze All Strategy
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* Currently freeze-all strategy is adopted in hyperresponders,

* agonist trigger, along with PGS



 Assessments of secondary measures found significant differences

in pregnancy rate, implantation rate, and clinical pregnancy
rate, all supporting the freeze-all group, but no significant

difference in the rate of early pregnancy loss.



* The rate of multiple pregnancy in the freeze-all group was

significantly higher than in the fresh group, telling that, in regular

* clinical practice, the number of embryos transferred should be

decreased in order to compensate for the higher implantation rate

* (40.0% vs 16.0%) with thawed embryos than with fresh embryos in
* these patients



* Another strong indication for freeze-all strategy in RIF patients is
when the embryos have been subjected to PGS.

* The fresh blastocyst transfer approach after PGS necessitates not
only availability of expanded blastocysts onthe morning of day

5, but also one of these being euploid, necessitating embryo
transfer.



e Contrary to this in freezeall strategy both day 5 and day 6 embryos

* can be biopsied, and the whole cohort of embryos can be

e cryopreserved, enabling patients to have their embryo transfer at a

* |[ater date

e . Study by Semra Kahraman150 at Istanbul Hospital, Turkey analyzed a

* total of 1,486 cycles and found that all positive outcomes,

* implantation, ongoing pregnancy rate and LBR were

* significantly higher in freeze-all group.




* |n cases with advanced maternal age (38-43 years), ongoing
pregnancy rate and LBR were significantly higher in freeze-all

group and this is possibly related to endometrial receptivity, as it is
probable that in older women the quiet endometrium is more crucial.

* Furthermore it decreases the pressure in embryology laboratory as it
permits more plasticity regarding the scheduling of embryo biopsy and also
having the biopsy results of the whole cohort at the same time permits
inclusion of all blastocysts
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/ygote Intra-Fallopian Transfer

* Human tubal fluid contains several growth factors and cytokines

e which aid in the development of the embryo making it competent
for implantation.

* However meta-analysis by Habana and Palter151 has reported similar
e pregnancy and implantation rates in ZIFT and intrauterine transfer

e groups (36.5% vs 31.4% and 15% vs 12% respectively.

* At present, with improvedculture conditions in ART, intrauterine

* transfer remains the technique of choice in women with RIF.



Improving Endometrial Receptivity
Treatment of Uterine Abnormalities

e Uterine septum Operative hysteroscopy (HSC) and septal

resection INCreases implantation
* rate Decreases miscarriage rate
* Increases term delivery rates



* Tomazevic et al. (2010) performed a retrospective matched-control
study in IVF/intracytoplasmic sperm injection (ICSI) patients studying
289 embryo transfer before HSC and 538 embryo transfer following
HSC. A control group consisted of 1,654 embryo transfers with normal
uterus. However, in spite of these impressive results in favor of
surgery before IVF/ICSI, PR and LBR remained low (15-20% and <£3%,
respectively) and MRs were high (77%) in nonoperated patients
compared with other published data, and therefore these results
should be interpreted with caution



* Others have not observed lower PRs, but have detected increased
* miscarriage and reduced term delivery rates in women

* with uncorrected septate and bicornuate uterus undergoing IVF
* According to ASRM 2016, there is limited evidence to suggest septal

* resection would increase LBR in women with infertility or prior pregnancy
loss
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Polyps Hysteroscopic

* Polypectomy Improvement in pregnancy rate, both spontaneous
and assisted

* Meta-analysis supports a benefit with the hysteroscopic removal of
* polyps. If 28% of women become pregnant in the control group, the

* evidence suggests that between 50% and 76% of women will become
e pregnant after the removal of the endometrial polyps



Submucosal fibroids and intramural fibroids
protruding into the endometrial cavity

« « Myomectomy Improvement in implantation rate, CPR and LBR
* o Decrease in miscarriage rate

* The presence of a submucous fibroid in women with RIF, regardless
 of the size, and fibroids protruding into the endometrial cavity should

* be removed as it is shown in various studies that removal improves
* reproductive outcome



 Somigliana et al. (2011) studied 119 women with asymptomatic

 intramural or subserosal fibroids, 5 cm and compared

* these outcomes with 119 controls:

e The live birth rates were similar (18% versus 13%, respectively),

e and the adjusted odds ratio (OR) was 1.45 (95% Cl: 0.71-2.94).



e ¢ Yan et al. (2014) included 249 women undergoing their first IVF/ ICSI
* cycle with different types of fibroids and compared them with 249
 controls without fibroids.

e After matching for several variables, delivery rates were 33.7% and

* 30.5% for controls and women with fibroids, respectively [adjusted
e OR1.03(95% Cl: 0.95-1.11)] A significant negative effect on delivery

* rate was noted when the largest tumor diameter was 2.85 cm



Adenomyosis Depot GnRHa alone or in combination with cytoreductive surgery

¢« GnRHa—regression of lesions through induction hypogonadotropic
Status e

* Direct action on adenomyotic lesions through types | and Il receptors
* on the endometrium

* o Cytoreductive surgery reduces hypertrophy and subsequently

* improves function by bringing the uterinelayers closertogether.



* It also enhances bloodsupply, therebyfacilitating GnRHa Action With respect to
pregnancy outcomes with GnRHa, Wang et al. (2009) retrospectively studied two
groups of women.

* In the first group, adenomyotic tissue was surgically removed and GnRHa was
%ivgilzlfor 6 months (n = 283/. A second group (n = 37) only received 6 months of
nRHa.

* They noted uterine regrowth after the effect of GnRHa had disappeared in the
GnRHa-only group.

* Cumulative spontaneous PRs after 36 months were significantly higher with the
combined treatment of surgery plus GnRHa



Synechiae Hysteroscopic adhesiolysis with hysteroscopic scissors

*Re pair the impaired lining, restoring normal uterine cavity and fertility

 Adhesiolysis permits the endometrium to re-establish its anatomy
and function, depending on the degree of the

* adhesions and the preoperative appearance of the endometrium observed
with TVS.

* Much more than other conditions, IlUAs are associated with a high

recurrence rate (3.1-62.5%), which is dependent on the severity of
adhesions



Treatment of Thin Endometrium

Treatment of thin endometrium |
i Y l

Endocrine Aspirin, vitamins surgical
strategies and supplements strategies




High dose oral estradiol Estrogen

* helps endometrial by causing spiral artery contraction
* and reducing oxygen tension in the functional layer, which facilitates
* embryo implantation

* Different therapeutic approaches will most likely produce similar
results, as exogenous estrogen administration compared with, or
even combined with, endogenous estrogenic action from
gonadotrophin administration has not shown any superiority
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Intramuscular/transdermal/vaginal

estradiol

e

e o« Avoids first liver pass metabolism

« o Higher serum E2 concentrations Better safety profile and

* longer meant¥% Especially useful, when treating high risk

e patients, e.g. advanced maternal age

* No clear benefit for one over another, and have achieved similar pregnancy
rates



GnRHa in luteal phase

* Improved implantation and pregnancy rate, by supporting the

* corpus luteum Luteal phase GnRHa (triptorelin 0.1 mgq on the day

* of OPU, ET and 3 days later) resulted in better pregnancy rate when

e compared with conventional luteal phase support. However the
qguality of evidence in low



Intrauterine G-CSF

« G-CSF increases endometrial stromal cell decidualization

mediated through cAMP by apocrine and paracrine action, and by

inducing proliferation and differentiation of the human Endometrium



Autologous platelet rich

JENIE

» Activates platelets by clotting, releases cytokines and growth

factors, including VEGF,
and epidermal growth factor

* Five patients with refractory endometrium received intrauterine PRP,
along with high dose estradiol valerate.

* All five patients achieved endometrial thickness >7 mm, and they were all
pregnant after embryo transfer (4 ongoing pregnancy and 1 miscarriage).

* However no other study has validated these findings



Treatment of thin endometrium—with

aspirin vitamins and supplements

Aspirin e

Decreasing subendometrial contractions

Inhibiting cyclo-oxygenase and prostaglandin biosynthesis

. Improving uterine endometrial blood flow

No beneficial effect on embryo implantation




troglycerine patches Nitric

oxide (NO)

is involved in endometrial cycle control and uterine preparation for pregnancy.

Drugs that release NO act as vasodilating agenxZts, so they might be useful in women
with thin endometrium.

Ohl et al. (2002) administered nitroglycerin patches the day before embryo transfer in
women with repeated implantation failure, but these authors were unable to
demonstrate any effect.

There is no current evidence to support the use of nitroglycerin patches in women with
a thin endometrium




. pemoxifylline

Vitamin E—antioxidant and vasodilatory effect

Pentoxifylline—inhibits phosphodiesterase by increasing intracellular

cAMP—has a vasodilating effect and increases red cell membrane

flexibility, while reducing blood viscosity by inhibiting red cell

aggregation Currently only observational studies,
no RCTs available




Sildenafil citrate
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Arginin in an essential amino acid that plays an important ro\e
in regulating vasodilation and vascular flow.

It is the main substrate for nitric oxide synthesis via nitric oxide
synthase, and for ornithine and polyamines, which are key
factors in placental angiogenesis and uterine flow regulation

Weak evidence to support its use in refractory endometrium,
solid data are still lacking to validate the usefulness of this
approach
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Treatment of thin endometrium—surgical strategy

Hysteroscopy

Hysteroscopy in the
Possible use could be to preceding cycle has been
diagnose a previously reported to improve
unrecognized uterine pregnancy outcomes in
pathology couples with three or more
failed ET cycles,

but this evidence has
recently been contradicted
by a multicenter,
randomized controlled trial
that showed hysteroscopy
to be of no value in RIF




Endometrial scratch

The healing process following
endometrial scratch may release
cytokines and growth factors which
encourages endometrial growthand
facilitates implantation

Meta-analysis including 14 trials and a
total of 1,063 women concluded that
moderate-quality evidence suggests that
if 26% of women achieve live birth
without endometrial injury, between 28%
and 48% will achieve live birth with
endometrial injury.

A sensitivity analysis removing the
studies at high risk of bias showed no
difference in effect




Stem cells

Endometrial reconstruction based on the regenerative properties of the
endometrium

Three main sources of stem cells for endometrial cell reconstruction have been
proposed, they are clonogenic multipotent

mesenchymal stem/stromal cell, bone marrow derived stem cell, human
embryonic stem cell

Till date, only one case of human endometrial regeneration

with reproductive success has been published




Uterine transplantation







AspIrin




In addition, clinical pregnancy rates were also similar for the two groups (RR
1.03, 95% Cl: 0.91-1.17, 10 RCTs, n = 2142, I = 27%,

moderate-quality evidence).

There was no evidence of a difference between groups in terms of multiple
pregnancy, miscarriage, ectopic pregnancy or vaginal bleeding.

Datawere lacking on other adverse effects




Heparin

The complex containing heparin binding epidermal growth factor has been shown to enable an invasive phenotype of the throphoblast and hinder apoptosis

Heparin also raises the free level of insulin-like growth factor (IGF) I and IGF II, which increase trophoblast invasion

Heparin has been shown to encourage transcription of atrix metalloproteinases, which is known to control cellcell interactions including breakdown of the decidua’s basement
membrane, helping trophoblast invasion

Two RCTs and one quasi-randomized trial were include in the meta-analysis. Pooled risk ratios in women with >3 RIF (N = 245) showed a significantimprovement in the LBR [risk
ratio (RR) = 1.79, 95% confidence interval (Cl) = 1.10-2.90, P = 0.02] and a reduction in the miscarriage rate (RR=0.22, 95% Cl = 0.06—0.78, P = 0.02) with LMWH compared with
controls. The IR for 23 RIF (N = 674) showed a nonsignificant trend toward improvement (RR = 1.73, 95% Cl: 0.98-3.03, P = 0.06) with LMWH. However, the beneficial effect of
LMWH was not significant when only studies with unexplained RIF were pooled. The summary analysis for the numbers needed to

be treated with LMWH showed that approximately eight women would require treatment to achieve one extra live birth




Intravenous immunoglobulin G (IVIG)




Anti-TNF-a

TNF-a is a cytokine produced by Th1 cells involved in the
cell-mediated immune response.

Anti-TNF-a inter- interacts with an neutralizes TNF-q,
thereby decreasing the inflammatory and cell-mediated
immune response from Th lymphocytes

At present no RCTs have been reported investigating the
effect of anti-TNFa on pregnancy outcome from IVF or ICSI
treatment




Intralipid

The therapeutic effect in the framework of IVF is proposed to be mediated by a decrease
of peripheral blood NK cell activity and suppression of proinflammatory cytokines

Only 1 RCT is available on this topic

. No difference in chemical pregnancy was found between the two groups.

The authors reported a borderline significant difference in ongoing pregnancy and live
birth in favor of intralipid,

but the study was not sufficiently powered to enable differentiation of this from a
chance observation




Salpingectomy




Salpingostomy

Salpingostomy not only “removes” the hydrosalpinges but also produces the
possibility of natural Conception

The likely recurrence of hydrosalpinges after salpingostomy, which
necessitates a further procedure to remove the tube, further delaying the

treatment and suffering extra cost The intrauterine pregnancy rate following
salpingostomy has bee reported by a number of studies to be over 30%

The results are likely to be higher if the damage to the Fallopian tubes is
minimal




Laparoscopic proximal
tubal occlusion

Simpler operation and less likely to disturb ovarian blood
supply and hence compromise ovarian response to
stimulation by gonadotrophins during IVF Treatment

Occlusion of the proximal part of the tube leaves behind the
dilated and blocked tube and increases the risk of future
infection (pyosalpinx) and persistent pain which necessitates
salpingectomy in future

Meta-analysis206 by Johnson et al. (2010) provides evidence
that laparoscopic tubal occlusion is an alternative to
laparoscopic salpingectomy in improving IVF pregnancy rates
in women with hydrosalpinges




USG-guided drainage
of hydrosalpinx fluid

e Relatively

simple e Lesscost
e Less
invasive

The fluid may
rapidly
reaccumulate as
the underlying
pathology has
not been altered

Risk of
introducing
infection

Studies have
found no
evidence of
benefit for
clinical
pregnancy



