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Torino, University of Torino, Turin, Italy
g Department of Neuroscience, Reproductive Science and Odontostomatology, University of Naples Federico II, Naples, Italy
h Physiopathology of Human Reproduction, IRCCS Ospedale Policlinico San Martino, Genova, Italy
i Department of Neurosciences, Rehabilitation, Ophthalmology, Genetics and Maternal and Child Health (DINOGMI Department), University of Genova, Genova, Italy
j IVIRMA Global Research Alliance, IVI, via Dante 15, 40125, Bologna, Italy
k Unit of Obstetrics and Gynecology, University of Catanzaro “Magna Grecia”, Catanzaro, Italy
l First Unit of Obstetrics and Gynecology, Department of Interdisciplinary Medicine (DIM), University of Bari, Bari, Italy

A R T I C L E  I N F O

Keywords:
IVF efficacy
IVF efficiency
IVF safety
Add-ons
Evidence-based practice

A B S T R A C T

Objective: To critically appraise IVF add-ons, based on current evidence, international recommendations, and 
expert consensus from SIFES-MR.
Study design: Consensus developed by a multidisciplinary panel of Italian reproductive medicine experts over two 
years, based on clinical expertise, revision of guidelines from ESHRE, HFEA, ISAR, and ASRM, and additional 
more recent references retrieved from the literature. A list of statements was produced and agreed upon the panel 
using a Delphi consensus workflow. The manuscript was circulated to SIFES-MR executive committee and society 
members for final approval. Add-ons were categorized by their putative impact on IVF efficacy, efficiency, or 
safety. Cost justification and patient communication were also considered.
Results: While some add-ons, such as preimplantation genetic testing for aneuploidies (PGT-A) in select patient 
populations, demonstrate potential clinical benefits, others lack sufficient evidence or pose safety concerns. 
Several interventions, including endometrial receptivity testing and mitochondrial DNA load measurement, are 
not currently recommended. Cost considerations and patient counseling are crucial.
Conclusions: The SIFES-MR panel underscores the importance of evidence-based practice in ART. Clear patient 
communication, fundamental research, and regulatory oversight are essential to ensure IVF add-ons provide real 
clinical benefits rather than unnecessary financial burdens.

Introduction

Reproductive medicine is not a foolproof science. Depending on 
maternal age, sperm factor and other relevant confounding variables, 

the likelihood of achieving live birth per attempt ranging significantly, 
from over 50 % to less than 20 %, however, it is never 100 %. Imple
menting a multicycle strategy is the primary strategy to address the 
limited success of a single-cycle approach. This involves attempting to 
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collect a cumulative number of oocytes tailored to each couple’s char
acteristics, which can maximize their chances of delivering one or more 
healthy babies. However, this journey is often long and challenging. Our 
professionals are responsible for providing couples with all the neces
sary care while striving to achieve this goal with the least possible 
reproductive risks, using patient-centered, timely, and cost-effective 
strategies. The inherent nature of reproductive science requires that 
patient satisfaction and reproductive autonomy are respected. Given 
that each clinical setting has its strengths and limitations, and consid
ering the variability in costs, local regulations, expertise, social needs, 
and patient populations, issuing universally applicable guidelines is 
challenging [1]. Therefore, scientific societies have developed good 
practice recommendations based on expert opinions, evolving to include 
randomized controlled trials (RCTs), large retrospective observational 
studies, registry data, and more recently, big data and real-world evi
dence. Yet, the non-exact nature of this field complicates counseling, as 
there are no one-size-fits-all solutions, and different couples may benefit 
from different strategies to improve their chances of live birth or reduce 
reproductive risks. The Italian Society of Fertility and Sterility and 
Reproductive Medicine (SIFES-MR) discussed the use of the “IVF add- 
ons” in daily practice. In this manuscript, we define IVF add-ons — with 
slight modifications to the recent ESHRE definition [2] − as supple
mentary options available to patients in addition to standard fertility pro
cedures or offered to patients without a clear indication according to national 
and/or international guidelines, and that may incur in an additional cost. 
While many international societies have extensively discussed IVF add- 
ons, this manuscript aims to summarize the current perspectives on 
each, critically review them, and provide insights from Italian IVF pro
fessionals. The objective is to guide reproductive specialists in making 
informed decisions regarding the main DOs and DONTs during the 
couple’s journey and to offer criteria for counseling patients about their 
reproductive choices in any setting, whether private or public.

Material and methods

This position statement on IVF add-ons was developed on behalf of 
SIFES-MR by a selected group of its members. The group was appointed 
by the Executive Committee of SIFES-MR to include Italian reproductive 
clinicians, embryologists, and researchers chosen among active mem
bers of the society, who had previously investigated the topics covered 
by this consensus. Participants represented IVF centers from the south, 
center and north of Italy, spanning both private institution and public/ 
university-affiliated facilities. All panel members declared no conflict of 
interest or commercial ties related to the add-ons discussed in this 
document. The group met in person six times over a two-year period. 
Twenty-eight consensus statements were developed during the first four 
meetings, following a comprehensive review of the ESHRE [2], HFEA 
(https://www.hfea.gov.uk/treatments/treatment-add-ons/#treatmen 
t-add-ons), ISAR [3], and ASRM (https://www.asrm.org/practice-guid 
ance/practice-committee-documents/) guidelines and good practice 
recommendations. Additional relevant literature published up to 2024 
was incorporated when deemed pertinent, following a systematic search 
using specific keywords for each add-on. Each expert contributed to the 
add-ons corresponding to their field(s) of expertise. The 28 consensus 
statements were circulated via Google Forms, and panel members were 
asked to rate their agreement using a 10-point Likert Scale: 1 = abso
lutely disagree, 10 = absolutely agree. All statements received agree
ment scores of 7–10 from over 70 % of the group. The manuscript was 
drafted during the fifth in-person meeting and subsequently circulated 
to the SIFES-MR executive committee and members’ mailing list for 
internal review over a two-months period. During the sixth in-person 
meeting the manuscript was finalized and then submitted for peer- 
review.

Among the add-ons discussed in some guidelines, we did not address 
the following: 

1. Double stimulation in the same ovarian cycle (DuoStim), as it was 
considered an ovarian stimulation protocol compatible with a 
multicycle counseling approach for advanced maternal age 
(AMA) and/or poor prognosis couples.

2. Indomethacin and sildenafil, as they have never undergone 
clinical trials and should not be considered for clinical use outside 
of the research context.

3. Artificial Intelligence (AI)-based gamete/embryo selection tools, 
as these tools still require more clinical appraisals.

4. Complementary or alternative medicine and post-IVF add-ons (e. 
g., non-invasive prenatal testing), as they fall outside of this 
panel’s expertise.

5. Elective freeze-all, because according to Italian regulations, this 
is permitted only with a clear indication, such as for PGT, risk of 
OHSS and/or for endometrial inadequacy.

6. Mitochondrial replacement therapy, as current evidence suggests 
it harms oocytes/embryos.

7. Clinical IVM, because it is regarded as a therapy for specific in
dications, such as fertility preservation.

8. Artificial sperm activation, because to our knowledge, it is not 
conducted in Italy.

9. Surgical retrieval of sperm, as this practice is considered an op
tion solely for non-obstructive azoospermic men.

10. Technologies aimed at standardizing, automating, and/or 
enhancing safety in IVF clinics (e.g., electronic witnessing sys
tems), because they were considered functional upgrades for 
clinics with no direct implications for individual couples.

Notably, PGT-A was evaluated by this group of experts solely for its 
purpose of reporting full chromosome uniform aneuploidies. The panel 
determined that segmental and/or mosaic aneuploidies are still influ
enced by technical and biological inconsistencies that currently jeop
ardize its clinical significance.

Add-ONs: short description, summary of the current recommendations, 
and SIFES-MR position

Table 1 provides a summary of the add-ons discussed by this panel 
throughout the IVF journey. It includes (i) the theoretical expected im
provements in outcomes associated with their use, (ii) ESHRE, HFEA, 
ISAR, and ASRM general view on each add-on, (iii) SIFES-MR view 
based on the different patient populations that may benefit from each 
add-on, (iv) SIFES-MR opinion regarding the appropriateness of an 
additional cost to the patients associated with each add-on’s utilization.

The outcomes were categorized as higher IVF efficacy, higher IVF 
efficiency, or reduced neonatal morbidity. Efficacy was defined by two 
main outcomes: improved embryological outcomes (e.g., higher fertil
ization rate), and higher cumulative live birth rate (CLBR) per oocyte 
pick-up (OPU). Efficiency was defined by two main outcomes: a higher 
live birth rate (LBR) per (first) embryo transfer (ET) and a lower 
miscarriage rate (MR) per clinical pregnancy.

Pre-IVF

Karyotype analysis
Constitutional aberrant karyotypes can negatively impact both fe

male and male fertility. The prevalence of chromosomal abnormalities 
in a population of infertile Italian couples ranged from 0.9 % to 1.92 % 
in females and from 1.28 % to 2.02 % in males [4,5]. In couples who 
experienced multiple miscarriages, this rate largely increases of 5 to 10- 
fold [6]. A review of the literature reported that, among couples un
dergoing ART, the prevalence of chromosomal abnormalities ranges 
from 1.2 % to 2.1 % in females and from 1.1 % to 6.1 % in males [7]. 
Depending on the study, the prevalence of chromosomal abnormalities 
observed in couples undergoing IVF was comparable to or only slightly 
higher than that found in the general population. However, in specific 
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Table 1 
Summary of the add-ons discussed by this panel clustered according to IVF stage of putative application, of the recommendations issued by ESHRE, ASRM, ISAR and SIFES-MR, of the populations of IVF patients that may 
benefit from these add-ons, and of the theoretical expected outcome(s) in terms of improved IVF efficacy and/or efficiency, or lower neonatal morbidity. √, positive opinion; ⊗, negative opinion; ±, more clinical data are 
worth being produced;?, to be tested in the research context; =, no opinion. CLBR, cumulative live birth rate; OPU, oocyte pick up; LBR, live birth rate; ET, embryo transfer; MR, miscarriage rate; DFI, DNA fragmentation 
index; OAT, oligoasthenoteratozoospermia; CS, carrier screening; OS, ovarian stimulation; GH, growth hormone; DHEA, dehydroepiandrosterone; POR, poor ovarian reserve; POI, premature ovarian insufficiency; MACS, 
Magnetic Activated Cell Sorting; SMF, severe male factor; NOA, non-obstructive azoospermia; IVM, in vitro maturation; IMSI, Intracytoplasmic injection of morphologically selected spermatozoa; PICSI, physiological ICSI; 
AOA, artificial oocyte activation; TFF, total fertilization failure; GFs, growth factors; PGT, preimplantation genetic testing (− A for aneuploidies; − M for monogenic conditions); AMA, advanced maternal age; RPL, 
recurrent pregnancy loss; mtDNA, mitochondrial DNA; niPGT, non-invasive PGT; PRP, platelet rich plasma; G-CSF, granulocyte colony stimulating factor; hCG, human chorionic gonadotrophin.

IVF stage Add-on Theoretical Expected outcome(s) Scientific societies 
recommendations for all 
patients (unless specified)

SIFES-MR view Additional cost 
to patients 
justifiedIVF Efficacy IVF Efficiency Lower 

neonatal 
morbidityBetter 

Embryological 
outcomes

Higher 
CLBR per 
OPU

Higher LBR 
per (first) 
ET

Lower MR per 
clinical 
pregnancy

Pre-IVF Karyotype analysis ​ ​ x x x ESHRE: =
HFEA: =
ISAR: =
ASRM: =

SIFES-MR: 
For all patients 
⊗

For RPL and multiple IVF failures 
± 
For NOA and severe 
oligozoospermia 
√

yes

(expanded)CS ​ ​ ​ ​ x ESHRE: =
HFEA: =
ISAR: =
ASRM: =

SIFES-MR: 
For all patients 
±

yes

IVF OS GH, testosterone, or 
DHEA co-treatments

​ x ​ ​ ​ ESHRE: ⊗
HFEA: ⊗
ISAR: ⊗
ASRM: =

SIFES-MR: 
For all patients 
⊗

Testosterone in POR according to 
Bologna and/or Poseidon criteria 
±

yes

Ovarian re-activation ​ x ​ ​ ​ ESHRE: ⊗
HFEA: =
ISAR: =
ASRM: =

SIFES-MR: 
For all patients 
⊗

In POR according to Bologna and/or 
Poseidon criteria & POI 
?

¡

IVF Sperm 
preparation and 
selection

MACS, Microfluidics x x ​ ​ ​ ESHRE: =
HFEA: =
ISAR: =
ASRM: =

SIFES-MR: 
For all patients 
⊗

In high sperm DFI, RPL 
?

¡

IVF Oocyte 
retrieval

Rescue-IVM ​ x ​ ​ ​ ESHRE: ⊗
HFEA: =
ISAR: =
ASRM: =

SIFES-MR: 
For all patients 
⊗

In cancer patients 
√ 
Poor prognosis 
?

no

IVF Insemination ICSI in non-SMF x x ​ ​ ​ ESHRE: ⊗
HFEA: ⊗

SIFES-MR: 
For all patients 

no

(continued on next page)
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Table 1 (continued )

IVF stage Add-on Theoretical Expected outcome(s) Scientific societies 
recommendations for all 
patients (unless specified) 

SIFES-MR view Additional cost 
to patients 
justifiedIVF Efficacy IVF Efficiency Lower 

neonatal 
morbidityBetter 

Embryological 
outcomes 

Higher 
CLBR per 
OPU 

Higher LBR 
per (first) 
ET 

Lower MR per 
clinical 
pregnancy

ISAR: =
ASRM: ±

⊗

In PGT, IVM, cryopreserved oocytes, 
or previous low fertilization rates 
with conventional IVF 
√

IMSI x x ​ ​ ​ ESHRE: ±
HFEA: ±
ISAR: ±
ASRM: ±

SIFES-MR: 
For all patients 
⊗

¡

PICSI x x ​ ​ ​ ESHRE: ⊗
HFEA: =
ISAR: =
ASRM: ±

SIFES-MR: 
For all patients 
⊗

¡

AOA x x ​ ​ ​ ESHRE: ±
HFEA: =
ISAR: =
ASRM: ±

SIFES-MR: 
For all patients 
⊗

For previous TFF 
?

¡

Rescue-ICSI x x ​ ​ ​ ESHRE: =
HFEA: =
ISAR: =
ASRM: ±

SIFES-MR: 
For all patients 
⊗

For TFF 
?

¡

IVF Embryo 
culture

GFs-supplemented 
culture media

x x ​ ​ ​ ESHRE: ⊗
HFEA: =
ISAR: ±
ASRM: =

SIFES-MR: 
For all patients 
⊗

For all patients 
?

¡

Undisturbed culture in 
time lapse incubators

x x ​ ​ ​ ESHRE: =
HFEA: =
ISAR: ⊗
ASRM: =

SIFES-MR: 
For all patients 
±

no

IVF Embryo 
assessment

Embryo morphodynamic 
assessment

​ ​ x ​ ​ ESHRE: ⊗
HFEA: =
ISAR: ±
ASRM: =

SIFES-MR: 
For all patients 
±

no

PGT-A ​ ​ x x x ESHRE: ⊗
HFEA: 
To increase the CLBR 
⊗

To decrease the MR √ 
ISAR: =
ASRM: 
For all IVF patients, SMF-only 
or APA-only, oocyte donor 

SIFES-MR: 
For all patients 
± 
AMA, RPL 
√

yes

(continued on next page)
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Table 1 (continued )

IVF stage Add-on Theoretical Expected outcome(s) Scientific societies 
recommendations for all 
patients (unless specified) 

SIFES-MR view Additional cost 
to patients 
justifiedIVF Efficacy IVF Efficiency Lower 

neonatal 
morbidityBetter 

Embryological 
outcomes 

Higher 
CLBR per 
OPU 

Higher LBR 
per (first) 
ET 

Lower MR per 
clinical 
pregnancy

cycles 
⊗

PGT-A in PGT-M cycles 
±

AMA, especially with good 
ovarian reserve 
√

mtDNA load 
measurement

​ ​ x ​ ​ ESHRE: ⊗
HFEA: =
ISAR: =
ASRM: =

SIFES-MR: 
For all PGT-A patients 
⊗

¡

niPGT ​ ​ x ​ ​ ESHRE: ⊗
HFEA: =
ISAR: =
ASRM: =

SIFES-MR: 
For all patients 
⊗

For all patients 
?

¡

IVF Preparation to 
ET

Hysteroscopy ​ x x x ​ ESHRE: 
Multiple implantation failures 
±

HFEA: =
ISAR: ±
ASRM: √

SIFES-MR: 
For all patients 
⊗

Multiple implantation failures 
± 
Uterine morphological 
abnormalities in TVS 
√

yes

Endometritis testing +
treatment

​ x x x ​ ESHRE: 
Multiple implantation failures 
±

HFEA: =
ISAR: =
ASRM: =

SIFES-MR: 
For all patients 
⊗

Multiple implantation failures 
±

yes

Endometrial scratch ​ x x ​ ​ ESHRE: ⊗
HFEA: ±
ISAR: =
ASRM: =

SIFES-MR: 
For all patients 
⊗

¡

Endometrial receptivity 
screening

​ x x ​ ​ ESHRE: ⊗
HFEA: ⊗
ISAR: =
ASRM: =

SIFES-MR: 
For all patients 
⊗

¡

Microbiome analysis ​ x x x ​ ESHRE: ⊗
HFEA: =
ISAR: =
ASRM: =

SIFES-MR: 
For all patients 
⊗

For all patients 
?

¡

Immunological tests +
therapies

​ x x x ​ ESHRE: ⊗
HFEA: ±

SIFES-MR: 
For all patients 

yes

(continued on next page)
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Table 1 (continued )

IVF stage Add-on Theoretical Expected outcome(s) Scientific societies 
recommendations for all 
patients (unless specified) 

SIFES-MR view Additional cost 
to patients 
justifiedIVF Efficacy IVF Efficiency Lower 

neonatal 
morbidityBetter 

Embryological 
outcomes 

Higher 
CLBR per 
OPU 

Higher LBR 
per (first) 
ET 

Lower MR per 
clinical 
pregnancy

ISAR: =
ASRM: ±

⊗

Multiple implantation failures, RPL 
±

IVF ET Assisted hatching ​ x x ​ ​ ESHRE: ⊗
HFEA: ±
ISAR: ±
ASRM: ⊗

SIFES-MR: 
For all patients 
⊗

¡

Hyaluronic acid enriched 
embryo transfer media

​ x x ​ ​ ESHRE: √ 
HFEA: ±
ISAR: √ 
ASRM: =

SIFES-MR: 
For all patients 
±

yes

Steroids adjuncts ​ x ​ x ​ ESHRE: ⊗
HFEA: ⊗
ISAR: =
ASRM: ⊗

SIFES-MR: 
For all patients 
⊗

Autoimmune conditions requiring 
steroid treatment 
√

yes

PRP intrauterine 
administration

​ x x ​ ​ ESHRE: ⊗
HFEA: =
ISAR: =
ASRM: =

SIFES-MR: 
For all patients 
⊗

For multiple implantation failures, 
thin endometrium 
±

yes

hCG intrauterine 
injection

​ x x ​ ​ ESHRE: ⊗
HFEA: =
ISAR: =
ASRM: =

SIFES-MR: 
For all patients 
⊗

Multiple implantation failures 
?

¡

G-CSF intrauterine or 
subcutaneous 
administration

​ x x ​ ​ ESHRE: ⊗
HFEA: =
ISAR: =
ASRM: ⊗

SIFES-MR: 
For all patients 
⊗

Multiple implantation failures 
?

¡
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patient categories, the prevalence was significantly higher compared to 
the general infertile population. For instance, chromosomal abnormal
ities were observed in 3.8 % to 18.4 % of males with severe oligozoo
spermia and in 14.7 % to 35 % of males with azoospermia [7]. 
Unfortunately, there are no studies evaluating the cost-effectiveness of 
routine karyotyping for infertile couples undergoing ART.

SIFES-MR Recommendation:
Universal karyotype screening is not recommended before IVF. However, 

karyotype screening maybe considered in cases of recurrent pregnancy loss 
(RPL) and multiple IVF failures defined according to ESHRE [8,9]. For se
vere oligozoospermia or non-obstructive azoospermia, male karyotyping 
should be advised. An additional cost is justified.

(expanded) carrier screening
Expanded carrier screening (ECS) during the preconception period is 

currently considered the most effective way to identify ’at risk’ couples 
(ARCs) of passing inheritable disorders to their offspring. This includes 
cases where both partners carry an autosomal recessive pathogenic 
variant on the same gene or where the female partner is a heterozygote 
for a recessive X-linked condition. ECS allows couples to make fully 
informed reproductive choices, such as: (i) undergoing IVF with pre
implantation genetic testing for monogenic conditions (PGT-M), (ii) 
arranging early prenatal diagnostic testing, (iii) opting for IVF with 
donor gametes, (iv) choosing adoption, (v) remaining childless, or (vi) 
taking no action.

A recent cost-effectiveness analysis compared three ECS pan
els—American College of Medical Genetics and Genomics (ACMG) Tier 
1 screening, ‘Focused Screening’ for 15 severe and highly penetrant 
conditions, and ACMG Tier 3 screening—against no screening, the 
current healthcare model in Italy for couples seeking pregnancy without 
increased personal or familial genetic risk. The model-based analysis 
suggested that, from a healthcare system perspective, all three ECS 
panels would be more effective and less costly compared to no screening 
[10]. However, before implementing ECS in the diagnostic work-up for 
all couples selected for IVF, several structural and organizational 
changes in the Italian healthcare system would be necessary. Firstly, the 
shortage of professionals trained in clinical genetic counseling may 
create an operational bottleneck. Additionally, public health services 
would need to acquire advanced technologies and professionals skilled 
in variant interpretation and reporting for recessive disorders, at least 
until these processes can be automated.

Moreover, ethical considerations and proportionality are crucial is
sues that require careful examination. Ethical objections to preconcep
tion ECS include: the ’disability rights critique,’ which argues that ECS 
may convey a discriminatory message towards individuals with certain 
disorders; the ’medicalization critique,’ which suggests that ECS repre
sents another form of reproductive medicalization; concerns about eu
genics; and the potential for social stigmatization and discrimination 
against ARCs [11].

SIFES-MR Recommendation:
In line with the principle of reproductive autonomy, SIFES-MR suggests 

that ECS could be considered in couples indicated to IVF after adequate 
counseling about the test and its implications. An additional cost is justified.

IVF stage: ovarian stimulation

Growth hormone, testosterone, or dehydroepiandrosterone co-treatments
In recent years, the use of various adjunct therapies in IVF treat

ments, particularly for patients with poor reproductive prognosis, 
including those with diminished ovarian reserve, has garnered signifi
cant attention. Co-treatments with growth hormone (GH), testosterone, 
and dehydroepiandrosterone (DHEA) have been proposed as potential 
strategies to improve ovarian response and overall IVF outcomes. 
Although there is a biological rationale supporting the use of these 
adjunct therapies, the clinical evidence remains inconclusive, and it is 
still under debate [12–15]. To this regards GH may enhance follicular 

development improving granulosa cell function and increasing the 
sensitivity of ovarian follicles to gonadotropins. Testosterone, adminis
tered transdermally or via injections, has been hypothesized to increase 
ovarian androgen levels and to augment FSH sensitivity thereby 
enhancing the recruitment of follicles and improving response to 
ovarian stimulation. However, a RCT showed that testosterone pre- 
treatment prior to IVF does not increase clinical pregnancy rates in 
poor ovarian responders [16]. Finally, DHEA, an endogenous precursor 
to androgens, has been proposed to enhance ovarian function by 
increasing intraovarian androgens, potentially improving follicular 
recruitment and oocyte quality.

All the scientific societies like ESHRE, HFEA and ISAR have provided 
guidance on the use of adjuncts in the context of fertility treatments 
showing that these strategies should not be considered standard practice 
due to the limited, mixed evidence [2,3] (https://www.hfea.gov.uk/ 
media/4gsj3ujt/2022–06-06-scaac-meeting-papers.pdf). Indeed, no ad
juvants were recommended for daily ovarian stimulation, especially due 
to inconclusive evidence of their benefits.

A recenter Cochrane review supports the use of testosterone as an 
adjuvant to OS in poor responder patients [17], thus inciting future 
appraisals.

SIFES-MR Recommendation:
Further research and large-scale clinical trials are needed to determine the 

efficacy and safety of GH and DHEA in ovarian stimulation, until then, their 
use is not recommended. In poor ovarian reserve patients according to the 
Poseidon criteria (group 3 and 4) [18–20], testosterone use seems beneficial 
and deserves further clinical appraisal. In these cases, an additional cost 
might be justified.

Ovarian re-activation
Intraovarian injection of platelet-rich plasma (PRP) has been pro

posed for ovarian reactivation in women with diminished ovarian 
reserve (DOR) or premature ovarian insufficiency (POI), as platelets 
release several biologically active factors that are crucial for modulating 
folliculogenesis. Although mechanistic experimental studies are limited, 
preclinical trials were conducted. In these trials, PRP’s effect on pri
mordial follicles, isolated from healthy deceased women and embedded 
in a PRP-enriched 3D matrix (previously activated with thrombin), 
demonstrated follicle growth after a 10-day in vitro culture [21]. 
Following these results, this approach has been recently tested in DOR, 
POI and post- or peri-menopausal patients [22]. However, protocols vary 
across studies, with differences in applied volumes, activation tech
niques, and some studies omitting PRP activation altogether. This 
variation could explain the heterogeneity of results even among pop
ulations with similar characteristics. PRP injection has been reported to 
improve both the number and quality of retrieved oocytes, leading to a 
larger number of better-quality embryo cohorts [23], and different 
retrospective studies in POR women have shown promising results, 
particularly regarding improved ovarian reserve biomarkers, especially 
in the months following PRP infusion [24–26]. The largest prospective 
clinical trial to date, which included 510 POR women defined according 
to the Poseidon criteria, showed promising results [27]. Similar results 
were achieved in POI women [27], a patient population characterized 
by amenorrhea or oligomenorrhoea, high FSH concentrations, and the 
absence of antral follicles that can be stimulated to grow with exogenous 
gonadotropins. The only RCT to date conducted in women younger than 
38 years with history of two or more prior cycles and less than 3 oocytes 
retrieved, instead, reported no benefit of PRP ovarian injection [28]. In a 
murine model, the use of intraovarian PRP seems to improve the quality 
of the blastocyst, however these data are not still demonstrated in 
humans [29]. Recently, the infusion of human bone marrow-derived 
stem cells (BMDSC) has been proposed to promote follicular growth in 
both humans and mice by increasing ovarian vascularization, stimu
lating stromal cell proliferation, and reducing cell death in immuno
suppressed animals with conditions mimicking POR and POI. This 
treatment facilitated fertility restoration and led to natural conception 
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[30]. Although few data are supporting this type of treatment for this 
reason it should not be used except for experimental purposes in 
research protocols.

ESHRE is the only scientific society commenting on ovarian reac
tivation techniques. The panel of experts did not support them due to the 
lack of clinical evidence from RCTs [2].

SIFES-MR Recommendation:
Despite preliminary promising data, there are significant concerns about 

the effectiveness of ovarian reactivation protocols. Therefore, PRP should not 
be recommended outside of strict research protocols for infertile women, 
particularly those with DOR or POI. Several RCTs are ongoing or in the 
pipeline, and it is advisable to await their results before making further rec
ommendations. At present, an additional cost is not justified.

IVF Stage: IVF – Sperm preparation and selection

MACS, Microfluidics
Semen quality is crucial for achieving pregnancy, as it impacts both 

fertilization and subsequent embryo development. In case of high DNA 
Fragmentation Index (DFI), techniques such as Magnetic Activated Cell 
Sorting (MACS) or Microfluidics Sperm Sorting (MF) can help select 
spermatozoa with lower fragmentation. MACS is an immunomagnetic 
technique that should select more competent spermatozoa by removing 
those showing signs of cell damage or apoptosis. Damaged sperm are 
identified through membrane markers and isolated [31]. MF sperm se
lection techniques, instead, should isolate high-quality spermatozoa 
using laminar flow, mechanical factors, chemical factors, and tempera
ture gradients. These systems leverage microscale fluid dynamic prop
erties to efficiently manage the movement of motile spermatozoa [32].

SIFES-MR Recommendation:
MACS and MF have not been reported beneficial for all patients. They 

might reduce the DFI and improve IVF outcomes in RPL patients. Yet, this 
must be tested in the research context, as current evidence is too limited to 
support these techniques clinically. Therefore, an additional cost is not 
justified yet.

IVF Stage: IVF – Oocyte retrieval

Rescue-IVM
Approximately 10–20 % of oocytes retrieved after ovarian stimula

tion are immature, arrested at the germinal-vesicle (GV) or metaphase-I 
(MI) stages. The underlying causes of this immaturity are unclear but 
may include a lack of synchrony between follicular cells and oocytes, 
premature retrieval timing, aspiration of small follicles, or a poor 
response to ovarian stimulation. These immature oocytes are typically 
considered unsuitable for reproductive purposes and generally dis
carded. However, they can be kept in vitro for up to 24 h and insemi
nated if they mature to the metaphase-II stage, a strategy known as 
rescue in vitro maturation (rescue-IVM). Despite this potential, rescue- 
IVM is not routinely practiced in IVF clinics due to concerns based on 
historical data. These studies report meiotic defects, limited compe
tence, and questionable safety associated with rescue-IVM [33]. 
Recently, though, several research groups worldwide have revisited the 
discussion on rescue-IVM. Immature oocytes that mature within 2–8 h 
after OPU demonstrate lower blastocyst development compared to sib
ling metaphase-II oocytes, but no additional impact on euploidy and 
implantation. Conversely, GV or MI-oocytes maturing overnight showed 
a significantly impaired competence [34–36]. Among international 
documents, only ESHRE included rescue-IVM as a potential add-on, 
acknowledging the lack of established effectiveness, procedural reli
ability, and long-term safety data for this practice [2]. More recently, 
ESHRE and Alpha updated the Istanbul consensus claiming that “due to 
their lower developmental potential, immature oocytes could be 
considered in case of poor prognosis individuals/couples and/ or when 
alternatives are not available” [37].

SIFES-MR Recommendation:

Rescue-IVM is not advisable as a routine IVF protocol. Conversely, it 
should be conducted in cancer patients undergoing emergency fertility pres
ervation, without incurring an additional cost. This practice warrants more 
research in poor prognosis patients who collect none or a limited number of 
mature oocytes, particularly if this occurs across multiple attempts. However, 
statistically sound criteria should be developed to guide clinical decisions and 
outline clear protocols.

IVF Stage: IVF – insemination

ICSI in non-severe male factor
ICSI was introduced to improve fertilization and pregnancy rates in 

case of severe male factor (SMF) infertility [38]. Despite a stable inci
dence of male factor infertility, the use of ICSI has progressively 
increased accounting for over 70 % of all IVF cycles in 2019 [39]. While 
the routine use of ICSI despite normal sperm quality is required for PGT, 
IVM, and vitrified oocytes, and is advisable in case of previous low 
fertilization rate with conventional-IVF, its adoption for unexplained 
infertility, AMA, poor oocyte quality, and low oocyte yield remains 
controversial [40–43]. Moreover, ICSI remains operator-dependent, 
more expensive, and more time-consuming than conventional-IVF 
[43,44].

ESHRE and HFEA did not support the routine use of ICSI in non-SMF 
infertility [2]. Similarly, ASRM claims ICSI should be used only in 
selected cases [45].

SIFES-MR Recommendation:
ICSI is not superior to conventional-IVF in non-SMF infertility. However, 

ICSI is required for PGT-A, IVM, and cryopreserved oocytes, and it is 
advisable in cases of previous low fertilization with conventional-IVF. ICSI 
should not incur an additional cost.

Intracytoplasmic morphologic sperm injection (IMSI)
The selection of spermatozoa for microinjection during ICSI depends 

primarily on motility and morphological visualization, that is closely 
linked to the resolution of the available microscope [46]. Intra
cytoplasmic injection of morphologically selected spermatozoa (IMSI) 
enables a more detailed evaluation of sperm structure using a special
ized lens with very high magnification. However, there is no consensus 
on the clinical value of IMSI, and various studies report contradictory 
results [46–50].

SIFES-MR Recommendation:
IMSI use and an additional cost are not justified as no improvement in 

clinical outcomes has been reported to date.

Physiological-ICSI (PICSI)
Physiological-ICSI (PICSI) involves selecting capacitated spermato

zoa based on their maturity, which is indirectly indicated by their ability 
to bind with hyaluronic acid (HA), a component of the extracellular 
matrix surrounding the oocyte-cumulus complex [51]. Using HA bind
ing for sperm selection can help reduce the genetic risks of chromosomal 
aberrations in the offspring. PICSI has been suggested for cases of SMF 
infertility or high sperm DFI [52]. To date, several studies have been 
conducted, with many indicating no statistically significant difference 
between PICSI and conventional ICSI [53].

SIFES-MR Recommendation:
The evidence to support PICSI in any patient population is scarce.

Artificial oocyte activation (AOA)
Total failure of fertilization (TFF) occurs in 1–3 % of IVF cycles. TFF 

is associated with difficulties in sperm penetration of the zona pellucida 
(ZP) and deficits in oocyte activation. Embryo development begins with 
and is regulated by a process known as oocyte activation, which is pri
marily controlled by intracellular calcium release. Mature oocytes 
remain arrested at the metaphase-II stage until sperm entry triggers the 
completion of meiosis, fusion of gametes, extrusion of the second polar 
body, and formation of the two-pronuclei (2PN). Increasing Ca2+ levels 
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during fertilization are essential for oocyte’s meiosis resumption [54]. 
Artificial oocyte activation (AOA) is an effective method to prevent TFF 
in IVF cycles. This technique involves using a calcium ionophore to 
induce calcium oscillations in the oocytes, thereby initiating the fertil
ization process [55]. However, its safety remains a matter of concern as 
overexposure to ionophores may induce cytotoxic effects, disrupt cell 
homeostasis, and potentially cause epigenetic modifications with long- 
term adverse effects [56,57].

SIFES-MR Recommendation:
Despite some encouraging results, AOA cannot be considered an estab

lished protocol. Therefore, further appraisal in the research context is 
advisable in case of previous TFF.

Rescue-ICSI
Rescue-ICSI was first described 30 years ago [58] and entails an ICSI 

procedure performed 18–24 h after conventional-IVF on oocytes that 
show no sign of fertilization. Rescue-ICSI results in reduced clinical 
outcomes, but the earlier it is conducted the better the results, with 
pregnancy rates as high as 50 % in some cases [59]. Controversies, 
though, exist regarding its safety, especially regarding higher risks of 
chromosomal abnormalities in the embryos [60–62]. More evidence 
needs to be produced. Although most scientific societies were silent on 
the matter, a systematic review from ASRM concluded that rescue-ICSI 
in cases of TFF can lead to the birth of healthy babies despite the low 
pregnancy rates [63]. Evidence recently confirmed by an updated sys
tematic review [64].

SIFES-MR Recommendation:
Rescue-ICSI cannot be considered an established protocol, and further 

appraisal in the research context is advisable in case of previous TFF.

IVF Stage: IVF – Embryo culture

Growth Factors-supplemented culture media
Growth factors (GFs)-supplemented embryo culture media have been 

explored in IVF to enhance embryo development and improve the 
chances of a live birth. Over the years, various GFs − natural proteins 
that regulate cell growth, differentiation, and function − have been 
employed. The goal is to replicate the complex microenvironment of the 
female reproductive tract by incorporating factors such as epidermal 
growth factor (EGF), insulin-like growth factor (IGF), and others. These 
GFs are designed to support essential cellular processes like prolifera
tion, metabolism, and signaling, all of which are crucial for embryo 
development and maturation outside the womb. Granulocyte- 
macrophage colony-stimulating factor (GM-CSF) has been the most 
extensively studied. Overall, although no adverse outcomes have been 
reported [65], the data to date do not unanimously support its supple
mentation to the culture media [65].

SIFES-MR Recommendation:
The supplementation of embryo culture media with GFs should be still 

studied in the research context.

Undisturbed culture in time lapse incubators
The use of time-lapse incubators to monitor preimplantation devel

opment without disrupting embryo culture may help minimize fluctu
ations in temperature, pH, and osmolarity, potentially improving 
embryological outcomes. However, the extent of this theoretical 
improvement may not be clinically significant for individual couples 
[66]. Furthermore, designing a study to investigate this would likely 
require a large sample size, with findings applicable only to the specific 
time-lapse and standard incubators tested, as well as the IVF laboratory 
management and practices in place during the study. Multiple variables 
that can impact the outcomes must also be considered, such as dry 
versus humidified environments, the type of standard incubator, the 
culture media used, the volume of culture drops, and the frequency of 
embryo assessments during standard culture. In 2020, the ESHRE 
working group provided a comprehensive overview of time-lapse 

technology (TLT), detailing its advantages and disadvantages, along 
with well-balanced good practice recommendations for its use in IVF 
[67].

SIFES-MR Recommendation:
Currently, there is insufficient evidence to state that an undisturbed cul

ture environment achieved through time-lapse incubators improves embryo
logical and, consequently, clinical outcomes in IVF. More clinical studies are 
particularly needed in poor prognosis patients, such as couples with SMF 
infertility and/or few oocytes collected. If undisturbed culture is reported 
safer than standard incubation, though, the patients should incur in no 
additional costs for its utilization.

IVF Stage: Embryo assessment

Embryo morphodynamic assessment
Embryo morphodynamic assessment using TLT has expanded the 

available information for characterizing preimplantation development 
by combining timing data (e.g., time to reach specific stages such as n- 
cell, morula, and blastocyst formation) with qualitative observations (e. 
g., early embryo cleavage patterns, cell exclusion/extrusion, and blas
tocyst collapse and re-expansion) [67,68]. From a scientific perspective, 
a wide range of new features can be leveraged to complement static 
morphology and enhance non-invasive embryo assessments. AI- 
powered software have already been developed, commercialized, and 
implemented in some IVF clinics [69,70]. These tools automate anno
tations, reduce the technical workload of operators, make embryo 
assessment more objective and reproducible, and help standardize the 
process across clinics. However, there is still limited evidence to support 
that embryo selection based on morphodynamic parameters, with or 
without AI, improves outcomes [2,67,71,72].

The ASRM did not support nor discourage the use of embryo mor
phodynamic assessment. In contrast, ESHRE has advised against it for 
improving clinical outcomes [2]. ISAR advocated for more evidence [3]. 
HFEA declared that no clinical effect derives from its use (https://www. 
hfea.gov.uk/treatments/treatment-add-ons/#treatment-add-ons).

SIFES-MR Recommendation:
TLT implementation in IVF laboratories offers numerous advantages for 

research, education, training, innovation, standardization, workflow im
provements, and quality control. However, these improvements primarily 
benefit the management of the IVF clinic and should not result in additional 
costs for couples whose embryos are cultured in time-lapse incubators, 
especially in the absence of clear clinical benefits.

Preimplantation genetic testing for aneuploidies (PGT-A)
PGT-A aims to distinguish aneuploid from euploid embryos within 

each cohort produced during an IVF cycle. Based on the diagnosis, 
aneuploid embryos are excluded from transfer, preventing their repro
ductive consequences. A common misconception is that PGT-A increases 
the chance of live birth per cycle, but PGT-A is not a therapeutic inter
vention. The main benefits of PGT-A are increasing the chance of live 
birth per transfer (if euploid blastocysts are obtained), reducing the risk 
of miscarriage, and minimizing the risk of chromosomal syndromes in 
newborns. Its initial implementation in the 1990 s was challenging, 
largely due to the use of a harmful biopsy protocol that involved 
removing a single blastomere from a cleavage-stage embryo, followed 
by FISH analysis, which assessed only 9 chromosomes [73]. This raised 
serious concerns about the true value of the technology. However, over 
the years, molecular techniques have significantly advanced. Currently, 
24-chromosome testing technologies are used in daily practice and 
trophectoderm biopsy at the blastocyst stage has become the gold 
standard. This approach has been proven safe and reliable when per
formed by expert operators [73–75].

Following a 2015 paper [76], many centers started reporting puta
tive ’mosaic’ aneuploidies − aneuploidies present in some trophecto
derm cells but absent in others due to mitotic post-zygotic 
missegregation – on a single trophectoderm biopsy. These reports were 
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based on intermediate chromosome copy numbers shown in plots, 
whose clinical significance though remains uncertain. This uncertainty 
arises from various sources of technical and biological variability, 
including, but not limited to DNA amplification bias and poor biopsy 
quality or handling [77–79]. In this context, a non-selection study 
clearly demonstrated that allegedly ’mosaic’ blastocysts have the same 
reproductive outcomes as euploid blastocysts [80], an evidence that 
raised serious concerns about the practice of reporting diagnoses of 
uncertain significance, as it may lead to the exclusion of viable embryos 
from transfer due to the perception that they are abnormal [79]. The 
current recommendation is that ’mosaicism’ should either not be re
ported, or that ’mosaic’ embryos may be de-prioritized but should still 
be considered for transfer if no euploid embryos are available [79]. On 
the contrary, the report of uniform full-chromosome aneuploidies in 
non-selection studies showed a > 98 % embryo lethality rate (i.e., im
plantation failure or miscarriage). This highlights PGT-A as the most 
reliable predictor of embryo incompetence currently available in IVF 
[81]. When PGT-A was restricted to comprehensive karyotype testing 
for uniform aneuploidies, both RCTs and observational studies consis
tently showed higher live birth rates per transfer and lower miscarriage 
rates per clinical pregnancy compared to untested embryo transfers 
[82,83].

PGT-A should only be performed at IVF centers with sufficiently 
trained and closely monitored personnel to ensure embryo reproductive 
competence is not compromised.

ESHRE and HFEA took a critical position based on misleading RCTs 
(and related meta-analyses) that were often conducted with biopsy and 
analysis protocols that are not used anymore, in inappropriate patient 
populations, or with unrealistic endpoints. Nevertheless, HFEA recog
nized that PGT-A may reduce the risk of miscarriage. ISAR did not 
consider PGT-A as an add-on. ASRM highlighted the limitations of all 
RCTs and observational studies, as well as the controversies surrounding 
the invasiveness of the procedure, and the diagnostic uncertainties 
related to mosaicism and segmental aneuploidies. Therefore, they rec
ommended a case-by-case assessment, discouraging routine use of PGT- 
A in all IVF patients, in oocyte donor cycles, for SMF infertility and/or 
advanced paternal age, but supporting its use in cases of AMA, especially 
when associated with good ovarian reserve. They also advocated for 
more research in PGT cases for monogenic conditions, as many unaf
fected embryos might still be aneuploid, and chromosomal testing can 
be conducted on the same biopsy without additional manipulations 
[84].

Following all these considerations, we agreed that there is no benefit 
in transferring aneuploid blastocysts to any patient, but as this protocol 
is invasive and expensive, it cannot be applied routinely to all couples. 
The patients that might benefit the most from PGT-A are the women 
more subject to producing aneuploid blastocysts, i.e., AMA (≥35 years). 
In case of RPL, euploid blastocyst transfer will allow excluding the main 
known embryonic cause of miscarriage. In case of previous multiple 
implantation failures, euploid blastocyst transfer will allow excluding 
the main known cause of implantation failure. Women younger than 35 
are still subject to about 30 % aneuploidy rates in the embryos they 
produce [85–87], but the application of this technology should be cost- 
effective, and a cost-effectiveness analysis modeled in the context of a 
public Italian IVF center supported PGT-A in young women only if they 
produce ≥ 4 blastocysts [88].

In conclusion, we agreed that every patient should be fully informed 
about the risks of aneuploidies, as well as the benefits and drawbacks of 
PGT-A, and given the autonomy to decide whether they wish to be 
informed of the chromosomal status of their embryos before transfer. In 
the hands of expert centers adopting validated technologies, the use of 
PGT-A is in line with the principle of couples’ reproductive autonomy 
and may reduce the burdens associated with IVF failures and 
miscarriages.

SIFES-MR Recommendation:
PGT-A at the blastocyst stage using comprehensive chromosome testing 

technologies may be performed in women at high risk of transferring aneu
ploid blastocysts (AMA and RPL) or in couples who wish to be informed 
about the health status of their embryos before transfer. Couples must receive 
thorough counseling on the benefits and risks of PGT-A before signing an 
informed consent to this procedure. This procedure should only be conducted 
at clinics with proven expertise and by highly skilled operators, as it involves 
invasive, time-consuming, and technically demanding procedures. Based on 
intermediate chromosome copy numbers mosaicism should not be reported, or 
mosaic embryos should not be considered comparable to aneuploid embryos. 
When PGT-A is conducted, an additional cost is justified.

Mitochondrial DNA (mtDNA) load measurement
MtDNA load measurement in trophectoderm biopsies during PGT 

cycles has been proposed as additional test to prioritize euploid embryos 
for transfer. This test is based on the hypothesis that incompetent em
bryos may be more metabolically active and thus exhibit a higher 
mitochondrial load [89–91]. Nevertheless, hard data showed no benefit 
of mtDNA load measurement [92–95]. Indeed, ESHRE advised against 
its use [2].

SIFES-MR Recommendation:
MtDNA load measurement to improve embryo selection among euploid 

blastocysts is not supported by hard data. This should not be suggested as an 
add-on to PGT-A cycles.

Non-invasive PGT (niPGT)
Genomic DNA can be found in the spent culture media after IVF. 

Even though its quantity and quality is limited, several researchers 
developed protocols to analyze it aiming at establishing a non-invasive 
PGT (niPGT) approach [96]. Protocol adjustments improved the 
concordance between spent culture media and trophectoderm biopsies 
analyses [97]. Nonetheless, amplification failure is still ≈10 %, full 
karyotype concordance is still ≈70 % or lower, and overall euploid- 
euploid or aneuploid-aneuploid concordance is still ≈80 % or lower 
[98,99]. NiPGT cannot be considered a diagnostic approach, and if 
conducted, embryos must not be discarded based on aneuploidies 
detected through this method. Furthermore, its clinical value for 
improving embryo prioritization for transfer has yet to be demonstrated. 
Indeed, ESHRE advised against the clinical use of this technology, yet 
encouraging further pre-clinical studies [2].

SIFES-MR Recommendation:
NiPGT should not be regarded diagnostic, but it may be considered a 

putative future strategy to rank embryos for transfer. Therefore, further 
studies in the research context are recommended.

IVF Stage: Preparation to embryo transfer (ET)

Hysteroscopy
Hysteroscopy is the sole tool available to gynecologists that provides 

direct visualization of the uterine and endocervical cavities [100,101]. 
With technological advancements [102,103] and the introduction of 
progressively smaller instruments with fluid distension [104], this 
technique has become increasingly integrated into routine practice 
[105]. It allows for a rapid and cost-effective evaluation of the uterine 
cavity without analgesia or hospitalization [106,107]. In infertile 
women, hysteroscopy enables a thorough assessment of various 
congenital and acquired uterine conditions [108–111] including cervi
cal stenosis, endometrial and endocervical polyps, submucosal fibroids, 
synechiae, isthmocele, chronic endometritis, Müllerian anomalies, 
endometrial hyperplasia, adenomyosis, and cancer. Additionally, this 
technique allows both diagnosis and treatment of many conditions in a 
single step (“see and treat hysteroscopy”), such as endometrial and 
endocervical polyps, synechiae, and small fibroids [112].

While the utility of hysteroscopy in infertile patients with suspected 
pathology identified via transvaginal ultrasound (TVS) is well- 
established, current debate centers on its potential application as a 
screening investigation to all infertile women prior to IVF, even in the 
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absence of suspected lesions on TVS. A pragmatic multicenter RCT [113] 
involving patients with at least two failed IVFs did not demonstrate an 
improvement in live birth rate within one year in the hysteroscopy 
group compared to controls. Similarly, a large Dutch pragmatic multi
center RCT [114] focusing on naïve IVF patients did not observe benefits 
from hysteroscopy in terms of ongoing pregnancy rate within 18 months 
from randomization. Di Spiezio Sardo and colleagues [115], instead, in a 
meta-analysis of 9 RCTs reported that pre-IVF hysteroscopy improved 
clinical pregnancy in naïve patients and live birth rate in women with 
previous IVF failures. Their conclusion were corroborated by another 
meta-analysis of 12 studies [116]. The inconsistencies in the results 
across the studies may be primarily due to statistics’ heterogeneity, 
different sample size, and missing data, making uncertain the overall 
assessment of hysteroscopy’s benefits in women without suspected in
trauterine pathology on TVS.

Of note, in a trial involving 678 asymptomatic naïve patients with 
normal TVS, Fatemi and colleagues [117] observed a 11 % prevalence of 
intrauterine abnormalities. Although this prevalence is lower than that 
reported by other studies (20–45 %), it remains potentially non- 
negligible. However, there is currently no evidence that removal of 
these minor intrauterine pathologies, not previously diagnosed on TVS, 
has a substantial effect on improving the likelihood of achieving a live 
birth after IVF.

SIFES-MR Recommendation:
Whenever TVS raises suspicion of intrauterine pathology, hysteroscopy 

should be suggested. In cases when TVS does not show uterine pathologies, 
offering hysteroscopy remains discretionary, as there is no data regarding 
benefit in these scenarios. Conversely, hysteroscopy should not be suggested to 
the general population before IVF. Regarding patients with multiple implan
tation failures, it is still worth investigating the clinical value of hysteroscopy.

Endometritis testing
Chronic endometritis (CE) is an inflammatory condition of the 

endometrium with an infectious origin, predominantly caused by 
enterobacteria [118,119]. It has been reported highly prevalent in 
idiopathic infertility [120] and patients with multiple previous im
plantation failures [121]. It has been hypothesized that its treatment 
would improve the chance of live birth. Nevertheless, there are several 
doubts on the scientific plausibility of the relationship between CE and a 
lower prognosis [122]. The main issue is the absence of a gold standard 
diagnostic approach. Generally, the disease is diagnosed through hys
teroscopy, which identifies characteristic signs such as micro-polyps, 
stromal edema, and hyperemia [123], then confirmed through histo
logical examination of endometrial biopsies, where plasma cells should 
be identified (using immunohistochemical staining such as CD-138 and 
MUM-1) [124]. However, hysteroscopic suspicion remains operator- 
dependent, and histological diagnosis lacks validated plasma cells’ 
cutoff; indeed, the data on the clinical utility of CE testing and therapy 
are highly controversial.

SIFES-MR Recommendation:
Routine screening for CE is not supported by the current level of the evi

dence, therefore it is not generally recommended. Testing and treating the 
condition is worth being investigated clinically in patients who suffered 
multiple implantation failures.

Endometrial scratch
Endometrial scratch has been proposed to improve implantation rates 

in IVF. This endometrial injury was thought to trigger decidualization, 
activate wound-healing pathways, inflammatory response, expression of 
genes involved in implantation, and enhance blastocyst-endometrial 
communication [125]. A recent Cochrane review, though, concluded 
that endometrial scratch might have no impact on live birth or miscar
riage rates [125], including naïve patients and patients with two previous 
implantation failures [126]. Conversely, another review suggested a 
benefit [127]. ESHRE does not recommend endometrial scratch [2]. 
Similarly, the HFEA has expressed doubts about its clinical effectiveness 

(https://www.hfea.gov.uk/treatments/treatment-add-ons/).
SIFES-MR Recommendation:
Endometrial scratch is not recommended.

Endometrial receptivity screening
The mechanisms underlying the interaction between the blastocyst 

and endometrium are complex and not fully understood. Recently, 
several tests have been proposed to assess endometrial receptivity. The 
primary aim is to evaluate the endometrium to facilitate personalized 
embryo transfer (pET), adjusting the timing of embryo transfer based on 
progesterone administration according to each patient’s unique window 
of implantation, namely the period of highest receptivity [128]. These 
tests have been suggested primarily to patients after multiple implan
tation failures but also to those undergoing oocyte donation, and even to 
good prognosis patients [129–135]. While the test has been able to 
detect altered gene expression in conditions like adenomyosis, adjusting 
progesterone timing has not improved IVF outcomes in most published 
studies and, in some cases, may even reduce success rates [136,137]. A 
RCT suggested benefits deriving from the endometrial receptivity test in 
terms of cumulative live birth rate considering all transfers conducted 
within 1 year [138], but it was heavily criticized for its design and 
conclusions [139]. Also, in the context of euploid blastocyst transfers, no 
benefit has been reported from conducting an endometrial receptivity 
test [140].

ESHRE and HFEA do not recommend endometrial receptivity tests in 
IVF [2] (https://www.hfea.gov.uk/treatments/treatment-add-ons/).

SIFES-MR Recommendation:
Although endometrial receptivity tests may show alterations in endome

trial gene expression during the mid-secretory phase, adjustment of proges
terone timing is ineffective. Endometrial receptivity tests should not be 
suggested to the general IVF population.

Microbiome analysis
Microbiome testing before or during IVF treatments is promising, as 

dysbiosis is a treatable condition. In fact, vaginal, follicular, endometrial 
and sperm microbiome have all been studied, with controversial results 
on their real impact in terms of live birth rate [141–144]. ESHRE states 
that vaginal and endometrial microbiome testing cannot yet be recom
mended clinically [9]; yet, vaginal and endometrial microbiome are 
worth being investigated in the context of embryo implantation as 
Lactobacilli colonization may improve IVF outcomes [144,145]. Un
fortunately, though, the evidence regarding treatments with antibiotics 
or probiotics to improve maternal microbiota is much less consistent 
[146–148]. More studies are needed to demonstrate which interventions 
are suitable to modify the microbiome of the female reproductive tract, 
and whether these modifications may improve IVF outcomes.

SIFES-MR Recommendation:
Microbiome profiling is currently not recommended in all IVF couples. In 

the research context, it is worth investigating indications, protocols, reporting 
parameters, and putative therapies in the case of dysbiosis.

Immunological tests and therapies
Immunological tests in reproductive medicine include assessments of 

NK-cell levels and function in blood, Killer-cell immunoglobulin-like 
receptor (KIR) and human leukocyte antigen (HLA) genotyping, regu
latory T cells (Tregs), Th1/Th2 ratios, and cytokine profiles. However, 
the representation of NK cells in the endometrium differs significantly 
from that in the blood. The proportion of NK cells in the blood varies 
widely among healthy individuals, yet an arbitrary cutoff of around 12 
% is often used to define abnormal levels. Despite this, no therapeutic 
interventions have been proven effective for abnormal NK-cell levels or 
function, Th1/Th2 ratios, or other blood parameters. Similarly, endo
metrial biopsies for counting NK cells are difficult to interpret.

Embryo implantation is viewed as a natural allograft in the immu
nological context, where the maternal immune system must develop 
tolerance to fetal antigens to achieve a successful pregnancy. 
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Immunologically, pregnancy is comparable to allogeneic stem cell 
transplantation, where a defect in communication can lead to ’rejec
tion,’ disrupting the immunotolerance system established during preg
nancy [149]. HLA class I (A, B, and C) molecules are expressed on nearly 
all nucleated cells and are crucial for self-recognition. Several studies 
have linked pregnancy disorders, such as pre-eclampsia, to specific 
combinations of maternal KIR and fetal HLA-C genetic variants [150]. A 
small retrospective analysis on the use of subcutaneous G-CSF in patients 
with a KIR/HLA-C mismatch undergoing IVF demonstrated reduced 
miscarriage rate and increased live birth rate [151]. Further research is 
certainly worth being run in this field.

Several treatments have been suggested to modulate the immune 
system aiming at improved implantation, such as steroids, lipid emul
sion (Intralipid) infusion, Intravenous Immunoglobulin (IVIG), leuko
cyte immunization therapy, tacrolimus, anti-tumor necrosis factor (anti- 
TNF) agents, Granulocyte colony-stimulating factor (G-CSF). Due to the 
absence of solid studies supporting their use and uncertainties over 
which tests to use or how to interpret them, ESHRE does not recommend 
immune treatments in IVF [2]. Conversely, ASRM and HFEA claim the 
evidence is insufficient to make a recommendation in favor or against 
[152] (https://www.hfea.gov.uk/treatments/treatment-add-ons/).

SIFES-MR Recommendation:
Peripheral blood tests for immune parameters and uNK cell assessments 

cannot be recommended at present. For NK cell tests, the lack of established 
reference ranges may invalidate the results, and variations in NK expression 
could simply reflect normal differentiation of the secretory endometrium after 
ovulation. KIR and HLA typing cannot be recommended in the general IVF 
population. However, the mismatch between fetal HLA-C2 and maternal KIR 
AA in women with multiple implantation failures appears to be associated 
with poorer outcomes. In this regard, we encourage the collection of more 
clinical data.

IVF Stage: IVF – Embryo transfer (ET)

Assisted hatching
Assisted hatching (AH) is a procedure performed on embryos before 

ET, using a laser to create a small hole or to thin the zona pellucida (ZP). 
However, the procedure may involve risks, including damage to the 
embryo or individual blastomeres, which can reduce embryo viability, 
as well as an increase the prevalence of monozygotic twinning [153]. 
Several studies have been published on this subject, but none high
lighted strong evidence of improvement in the live birth rate [154,155]. 
In 2021 the Cochrane review showed no association between AH and 
live birth rates [156].

ESHRE and ASRM discouraged the use of assisted hatching to in
crease the LBR, while HFEA and ISAR claimed that more clinical data are 
required.

SIFES-MR Recommendation:
A beneficial effect of AH cannot be supported, therefore – unless needed 

for PGT purposes – we do not recommend this additional embryonic 
manipulation.

Hyaluronic acid enriched transfer media
The supplementation of adherence compounds to ET medium has 

hypothesized to promote and support implantation, in turn optimizing 
the live birth rates. Hyaluronic Acid (HA) − a macromolecule highly 
present in the maternal reproductive tract [157] and whose local 
expression increases in the endometrium at implantation [158] – is one 
of the mostly studied compounds to this end. HA increases cell-to-cell 
adhesion and cell-to-matrix adhesion and produces a viscous solution 
[159]. HA also exerts autocrine and paracrine functions by acting on 
CD44 receptors, that are expressed both on the pre-implantation embryo 
and in the stroma of the human endometrium [160,161]. Notably, the 
concentrations of HA and CD44 receptor reached the maximum peak 
after the endometrium become receptive to embryo implantation [162]. 
In general, the most recent reviews and meta-analyses [163–165] 

suggest that the addition of HA to ET medium might be clinically 
beneficial, although the overall quality of evidence was only low to 
moderate, mainly owing to imprecision and/or heterogeneity. Accord
ing to ESHRE, HA addition to the ET media is recommended while 
monitoring for multiple pregnancy rate [2]. According to HFEA, it is not 
clear whether this add-on is effective to improve the treatment outcome 
because of conflicting evidence (https://www.hfea.gov.uk/treatments/t 
reatment-add-ons/). According to ISAR, in patients with multiple im
plantation failure, it may be considered as a useful transfer medium [3].

SIFES-MR Recommendation:
Although the current level of the evidence supports HA supplementation to 

the ET media, stronger data are needed in all patients, but especially in pa
tients with multiple implantation failures.

Steroid adjuncts
Steroids have been suggested to support the natural immune modi

fications that occur during pregnancy. However, the HFEA discourages 
their use in IVF due to insufficient evidence of efficacy and potential 
safety concerns, as highlighted in a review of 16 studies (https://www. 
hfea.gov.uk/treatments/treatment-add-ons/). Beyond the well-known 
adverse effects of steroid treatments, such as weight gain, sleep distur
bances, and increased susceptibility to infections, there are also 
pregnancy-specific risks, including an increased risk of cryptorchidism, 
hypospadias, and talipes in the fetus [166]. According to ESHRE, while 
steroids may offer some benefits for women with autoimmune diseases, 
the available data are based on small studies with inconsistent results 
[2]. For these reasons, steroids are not typically prescribed to all IVF 
patients to improve pregnancy or reduce miscarriage rates.

SIFES-MR Recommendation:
Steroid treatment is not recommended for IVF patients without a clear 

medical indication due to its uncertain efficacy and safety. This does not 
apply to women diagnosed with autoimmune diseases, such as anti
phospholipid antibody syndrome, or to those taking steroids for other medical 
conditions.

PRP intrauterine administration
Platelet-Rich Plasma (PRP) is a concentration of autologous platelets, 

prepared by centrifuging fresh whole blood to remove red and white 
blood cells. It is characterized by a higher concentration of growth 
factors, adhesive proteins, and immune mediators [167] that in turn 
could promote molecular pathways involved in endometrial and ovarian 
regeneration such as mitosis, anti-inflammatory processes and neo- 
angiogenesis [168]. In the context of reproductive medicine, PRP 
application was experimented in the treatment of Asherman’s syndrome 
[168], multiple implantation failure [169], premature ovarian failure 
[167], thin endometrium or unselected IVF patients [170]. PRP could be 
injected inside the uterus using an intrauterine catheter [171]. However, 
PRP preparation remains not standardized. Indeed, relevant heteroge
neity was observed among trials regarding the amount of collected 
blood, the amount of anticoagulant solution, and the centrifugation 
process [170]. Even the amount of PRP injected, administration timing 
and catheter used greatly varies among trials [170]. Recent meta-ana
lyses [169,170] concluded that PRP treatment could increase endome
trial thickness and implantation, however none of the RCTs reported 
higher live birth rates [169]. Few studies reported data on cumulative 
live birth rates, making difficult to draw conclusions about the effect of 
PRP on IVF efficacy. In terms of IVF efficiency, low quality evidence 
sustains an effect of intrauterine PRP in women with history of multiple 
implantation failures. Despite initial promising findings, several critical 
issues must be addressed. First, most published studies, including RCTs, 
lack sufficient data on safety concerns, such as adverse events, allergic 
reactions, pain, and long-term infant health [2,170]. Therefore, it is 
unclear whether this procedure is safe to apply to all infertile patients 
without appropriate countermeasures or within a specific setting, such 
as a tertiary or hospital center. Additionally, PRP preparation methods 
vary widely across centers, and little is known about the optimal 
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preparation protocol. Lastly, the overall quality of the studies conducted 
thus far is low [2,170], hence the robustness of the findings so far 
collected is inevitably jeopardized.

SIFES-MR Recommendation:
Limited evidence supports the use of PRP Intrauterine injection/infusion 

in women with a history of multiple implantation failures and in those with 
thin endometrium. However, the lack of a standardized definition of these IVF 
populations among studies, the high risk of bias observed among trials and the 
lack of safety data incite the production of additional clinical data.

hCG or G-CSF intrauterine administration
In vitro and in vivo studies suggested that intrauterine injection of 

human chorionic gonadotropin (hCG) may modulate factors involved in 
embryo implantation, such as endometrial matrix metalloproteinases, 
growth factors, and cytokines, thereby enhancing endometrial recep
tivity [172]. Furthermore, hCG per se could play a pivotal paracrine role 
during embryo implantation [173]. G-CSF, instead, is a cytokine 
involved in endometrium-embryo crosstalk. Indeed, this molecule might 
promote embryo implantation process by modulating vascularization 
and immune processes [174]. The alternative route of hCG administra
tion to increase IVF outcome is by intrauterine injection [175]. 
Conversely, G-CSF could be administered subcutaneously [176] or could 
be placed into the uterus through a catheter [177].

hCG administration was assessed by several RCTs summarized in a 
recent meta-analysis [175]. Promising effects were reported in cleavage- 
stage ET cases, while no significant effect was appreciated among 
blastocyst-stage ETs. More studies were then encouraged in women with 
multiple implantation failures [178].

Concerning G-CSF, two recent meta-analyses evaluated its effect in 
IVF [179,180], supporting improved clinical outcomes, while a recent 
RCT showed no benefit in terms of live birth rate or miscarriage rate 
[181]. Moreover, two routes of administration exist: intrauterine and 
subcutaneous, also being associated with controversial outcomes.

The main issues regarding both hCG and G-CSF administration is 
related to limited quality and sample size among trials, and the het
erogeneity in terms of preparation and protocols adopted. Lastly, data 
regarding safety and/or long-term infant outcomes are still limited and 
should be carefully considered by clinicians.

SIFES-MR Recommendation:
Intrauterine hCG and subcutaneous G-CSF might improve IVF outcomes. 

Nevertheless, the data are still limited at present to fully assess its efficacy, 
efficiency and safety. This lack of information, along with the absence of a 
standardized procedure suggest that these practices should be still tested in the 
research context.

Discussion

The use of add-ons in IVF has increased over the years, often with the 
aim of improving treatment outcomes. However, many of the strategies 
classified as “add-ons” may offer benefits for secondary outcomes 
related to IVF safety or efficiency — such as miscarriage rates or treat
ment duration — or serve complementary roles, such as providing 
couples’ counseling before, during, and after each cycle. Assessing IVF 
success requires a comprehensive view that considers multiple aspects, 
and focusing solely on cumulative live birth rates per attempt as the 
primary metric is overly simplistic and limiting. Despite their growing 
availability, the clinical effectiveness and safety of many interventions 
proposed over the years remain controversial, and their widespread 
adoption is often backed by heterogeneous — and frequently insufficient 
— scientific support. Indeed, there is no consensus on the true effec
tiveness of many tools or strategies implemented to date. This variability 
is compounded by the diverse contexts in which IVF is practiced glob
ally, influenced by distinct social needs, cultural settings, regulations, 
financial investments, levels of patient support, and the prevalence of 
either public or private healthcare systems in any given country. For 
some strategies and tools, such as PGT-A, hyaluronic acid-enriched 

transfer media, and intrauterine PRP administration, potential benefits 
have been observed in specific subpopulations, although the quality of 
supporting evidence has been often heavily criticized. Other “add-ons,” 
like mtDNA quantitation or endometrial receptivity testing, generated 
substantial initial excitement but led to disappointing outcomes when 
widely implemented across clinics. This variability in clinical outcomes 
highlights the urgent need for robust clinical trials, greater education 
and training for both centers and practitioners, and, most importantly, a 
call for a more rigorous pre-clinical evaluation and stronger collabora
tion between technology providers and IVF practitioners. Such a 
collaborative approach is essential for the successful adoption of any 
“add-on,” ensuring that its integration reaches a stable level of clinical 
productivity once it becomes mainstream.

One of the main concerns highlighted in this SIFES-MR consensus 
document is that many add-ons are routinely offered in clinical settings 
despite lacking high-quality, consistent evidence. The panel is not 
particularly troubled by putative “add-ons” that, when accompanied by 
comprehensive counseling on their potential benefits and drawbacks, 
allow for an informed decision regarding their adoption and any asso
ciated costs. Rather, our primary concern lies with practices that may 
pose safety risks, which remain largely unclarified, such as the use of 
growth factors in embryo culture media. Moreover, the panel believes 
that each intervention — and the RCTs designed to test its effectiveness 
— should be tailored to the specific characteristics of the patient, such as 
age, reproductive history, and prognosis. PGT-A is a prime example. 
Over the years, it was theorized, tested, and embraced as a revolutionary 
tool. However, as limitations began to surface, it became clear that a 
reassessment was needed, leading to changes in how PGT-A is con
ducted, transitioning from blastomere biopsies analyzed through cyto
genetic tests to trophectoderm biopsies assessed using comprehensive 
chromosome molecular tests. The primary misconception is that PGT-A 
should increase the CLBR per oocyte retrieval, while no embryo selec
tion or diagnostic strategy can achieve this outcome. Nevertheless, it has 
proven beneficial in reducing miscarriage rates and improving embryo 
selection in patients with a high aneuploid blastocysts rate. Yet again, 
the reporting of “mosaicism” has introduced technical inconsistencies 
that have biased both biological and clinical interpretations. The issue is 
not in the technology itself or in its theoretical value, but rather in how 
these technologies have been implemented and practiced over the years, 
without effectively bridging the gap between theory and clinical prac
tice, and between genetic laboratories and IVF clinics. Unfortunately, 
this has been the fate of many promising tools in recent decades of ART 
practice.

Given the uncertainty surrounding many add-ons, the primary 
consideration should always be providing the couples with a compre
hensive, evidence-based counseling that will preserve their autonomy in 
making informed decisions as whether to use these additional in
terventions or not. The risk of over-promising outcomes or promoting 
treatments without adequate evidence must be avoided. Clear commu
nication and transparency about the limitations of current evidence are 
fundamental to maintaining trust and respecting patient choice.

The recommendations provided in this manuscript reflect the unique 
regulatory and healthcare context in Italy. With significant variability in 
costs, local regulations, and accessibility, it is important for Italian IVF 
centers to implement these guidelines in a way that aligns with both 
patient needs and institutional capabilities. For example, while ECS is 
theoretically beneficial, structural and organizational challenges may 
limit its widespread use. Similarly, the regulatory restrictions around 
elective freeze-all strategies in Italy necessitate a case-by-case 
consideration.

Future directions and research priorities

The main challenge in adopting add-ons lies in the lack of high- 
quality evidence and the heterogeneity of the studies currently avail
able. Future research should prioritize well-designed, multicenter RCTs 
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and/or big data and real-world evidence, while monitoring not only 
short-term but also long-term safety and effectiveness aspects. Particular 
attention should be given to: (i) defining the subpopulations most likely 
to benefit from specific add-ons, (ii) establishing standardized protocols 
for (re-)emerging technologies such as r-IVM and intrauterine PRP, (iii) 
conducting cost-effectiveness analyses to ensure that new interventions 
provide value, especially within the limits suitable for public healthcare 
systems. To this end, interdisciplinary collaboration and international 
harmonization of guidelines are essential to achieving a consensus on 
best practices. Given the dynamic nature of reproductive medicine, 
continuous updates based on new evidence will be necessary to refine 
recommendations and optimize patient care.

Conclusion

This document summarizes in Fig. 1 the position of SIFES-MR on the 
main IVF add-ons introduced to date. All 28 statements received over 90 
% of scores ≥ 7 on the Likert scale from the panel of experts 
(Supplementary Fig. 1–28) and were subsequently approved by the 

Executive Committee and circulated among all SIFES-MR members.
The non-exact nature of reproductive medicine necessitates a care

ful, evidence-based approach when considering the use of IVF add-ons. 
By aligning clinical practice with patient-centered care and prioritizing 
interventions with proven benefits, we can improve the efficiency and 
safety of ART treatments. Further research is needed to bridge the gaps 
in current knowledge, ensuring that IVF add-ons become a scientifically 
validated component of personalized reproductive care.
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Fig. 1. Summary of SIFES-MR recommendations regarding the IVF add-ons discussed in this manuscript and clustered according to the stage of IVF during which 
they might be suggested. DFI, DNA fragmentation index; GH, growth hormone; DHEA, dehydroepiandrosterone; POR, poor ovarian reserve; POI, premature ovarian 
insufficiency; MACS, Magnetic Activated Cell Sorting; NOA, non-obstructive azoospermia; IVM, in vitro maturation; IMSI, Intracytoplasmic injection of morpho
logically selected spermatozoa; PICSI, physiological ICS; AOA, artificial oocyte activation; TFF, total fertilization failure; GFs, growth factors; PGT-A, preimplantation 
genetic testing for aneuploidies; AMA, advanced maternal age; RPL, recurrent pregnancy loss; mtDNA, mitochondrial DNA; niPGT, non-invasive PGT; PRP, platelet 
rich plasma; G-CSF, granulocyte colony stimulating factor; hCG, human chorionic gonadotrophin; TVS, transvaginal scan.
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original draft. Carlotta Zacà: Writing – review & editing, Writing – 
original draft. Andrea Borini: Writing – review & editing, Writing – 
original draft, Funding acquisition.

Funding

This consensus was produced thanks to the unconditional support of 
IBSA Farmaceutici Italy.

Declaration of competing interest

The authors declare the following financial interests/personal re
lationships which may be considered as potential competing interests: 
Andrea Borini reports financial support was provided by IBSA Farm
aceutici Italia Srl. Danilo Cimadomo reports a relationship with Merck 
KGaA that includes: speaking and lecture fees. Danilo Cimadomo reports 
a relationship with IBSA Farmaceutici Italia Srl that includes: speaking 
and lecture fees. Danilo Cimadomo reports a relationship with Organon 
& Co. Inc. that includes: speaking and lecture fees. Danilo Cimadomo 
reports a relationship with Gedeon Richter Italia Srl that includes: 
speaking and lecture fees. Alberto Vaiarelli reports a relationship with 
Merck KGaA that includes: speaking and lecture fees. Alberto Vaiarelli 
reports a relationship with Gedeon Richter Italia Srl that includes: 
speaking and lecture fees. Alberto Vaiarelli reports a relationship with 
IBSA Farmaceutici Italia Srl that includes: speaking and lecture fees. 
Alberto Vaiarelli reports a relationship with Theramex Italy Srl that 
includes: speaking and lecture fees. Amerigo Vitagliano reports a rela
tionship with IBSA Farmaceutici Italia Srl that includes: speaking and 
lecture fees. Amerigo Vitagliano reports a relationship with Merck KGaA 
that includes: speaking and lecture fees. Amerigo Vitagliano reports a 
relationship with Organon & Co. Inc. that includes: speaking and lecture 
fees. Amerigo Vitagliano reports a relationship with Gedeon Richter 
Italia Srl that includes: speaking and lecture fees. If there are other au
thors, they declare that they have no known competing financial in
terests or personal relationships that could have appeared to influence 
the work reported in this paper. Mauro Cozzolino reports a relationship 
with IBSA Farmaceutici Italia Srl that includes: speaking and lecture 
fees. Mauro Cozzolino reports a relationship with Organon & Co. Inc. 
that includes: speaking and lecture fees. Mauro Cozzolino reports a 
relationship with Merck KGaA that includes: speaking and lecture fees. 
Mauro Cozzolino reports a relationship with Theramex Italy Srl that 
includes: speaking and lecture fees. Andrea Carosso reports a relation
ship with Organon & Co. Inc. that includes: speaking and lecture fees. 

Andrea Carosso reports a relationship with Merck KGaA that includes: 
speaking and lecture fees. Andrea Busnelli reports a relationship with 
Merck KGaA that includes: speaking and lecture fees. Alessandro Con
forti reports a relationship with Merck KGaA that includes: speaking and 
lecture fees. Roberta Venturella reports a relationship with Sumitromo 
Pharma Co. Ltd. that includes: speaking and lecture fees. Roberta Ven
turella reports a relationship with Gedeon Richter Italia Srl that in
cludes: speaking and lecture fees. Roberta Venturella reports a 
relationship with IBSA Farmaceutici Italia Srl that includes: speaking 
and lecture fees.

Acknowledgements

The authors thank SIFES-MR Executive Committee and society 
members for their contribution to this document.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ejogrb.2025.114609.

References

[1] Rienzi L, Cimadomo D, Vaiarelli A, Gennarelli G, Holte J, Livi C, et al. Measuring 
success in IVF is a complex multidisciplinary task: time for a consensus? Reprod 
Biomed Online 2021;43:775–8.

[2] Lundin K, Bentzen JG, Bozdag G, Ebner T, Harper J, Le Clef N, et al. Good practice 
recommendations on add-ons in reproductive medicinedagger. Hum Reprod 
2023;38:2062–104.

[3] Malhotra J, Malhotra K, Kamat S, Mishra A, Chatterjee C, Nair S, et al. ISAR 
Consensus guidelines on Add-Ons Treatment in In vitro Fertilization. J Hum 
Reprod Sci 2021;14:S3–30.

[4] Clementini E, Palka C, Iezzi I, Stuppia L, Guanciali-Franchi P, Tiboni GM. 
Prevalence of chromosomal abnormalities in 2078 infertile couples referred for 
assisted reproductive techniques. Hum Reprod 2005;20:437–42.

[5] Riccaboni A, Lalatta F, Caliari I, Bonetti S, Somigliana E, Ragni G. Genetic 
screening in 2,710 infertile candidate couples for assisted reproductive 
techniques: results of application of italian guidelines for the appropriate use of 
genetic tests. Fertil Steril 2008;89:800–8.

[6] Blue NR, Page JM, Silver RM. Genetic abnormalities and pregnancy loss. Semin 
Perinatol 2019;43:66–73.

[7] Katagiri Y, Tamaki Y. Genetic counseling prior to assisted reproductive 
technology. Reprod Med Biol 2021;20:133–43.

[8] Atik RB, Christiansen OB, Elson J, Kolte AM, Lewis S, Middeldorp S, et al. ESHRE 
guideline: recurrent pregnancy loss. Human Reproduction Open 2018:1–12.

[9] Cimadomo D, de Los Santos MJ, Griesinger G, Lainas G, Le Clef N, McLernon DJ, 
et al. ESHRE good practice recommendations on recurrent implantation failure. 
Hum Reprod Open 2023;2023:hoad023.

[10] Busnelli A, Ciani O, Caroselli S, Figliuzzi M, Poli M, Levi-Setti PE, et al. 
Implementing preconception expanded carrier screening in a universal health 
care system: a model-based cost-effectiveness analysis. Genet Med 2023;25: 
100943.

[11] de Wert G, van der Hout S, Goddijn M, Vassena R, Frith L, Vermeulen N, et al. The 
ethics of preconception expanded carrier screening in patients seeking assisted 
reproduction. Hum Reprod Open 2021;2021:hoaa063.

[12] Esteves SC, Yarali H, Vuong LN, Conforti A, Humaidan P, Alviggi C. POSEIDON 
groups and their distinct reproductive outcomes: Effectiveness and cost- 
effectiveness insights from real-world data research. Best Pract Res Clin Obstet 
Gynaecol 2022;85:159–87.

[13] Sood A, Mohiyiddeen G, Ahmad G, Fitzgerald C, Watson A, Mohiyiddeen L. 
Growth hormone for in vitro fertilisation (IVF). Cochrane Database Syst Rev 
2021;11:CD000099.

[14] Cozzolino M, Cecchino GN, Troiano G, Romanelli C. Growth hormone 
cotreatment for poor responders undergoing in vitro fertilization cycles: a 
systematic review and meta-analysis. Fertil Steril 2020;114:97–109.

[15] Noventa M, Vitagliano A, Andrisani A, Blaganje M, Vigano P, Papaelo E, et al. 
Testosterone therapy for women with poor ovarian response undergoing IVF: a 
meta-analysis of randomized controlled trials. J Assist Reprod Genet 2019;36: 
673–83.

[16] Polyzos NP, Martinez F, Blockeel C, Gosalvez A, De la Fuente L, Pinborg A, et al. 
O-066 Transdermal testosterone prior to ovarian stimulation for in vitro 
fertilization in women with poor ovarian response. a multicenter multinational 
double-blind placebo-controlled randomized trial (the T-TRANSPORT). Hum 
Reprod 2023;38.

[17] Naik S, Lepine S, Nagels HE, Siristatidis CS, Kroon B, McDowell S. Androgens 
(dehydroepiandrosterone or testosterone) for women undergoing assisted 
reproduction. Cochrane Database Syst Rev 2024;6:CD009749.

[18] Ferraretti AP, Gianaroli L. The Bologna criteria for the definition of poor ovarian 
responders: is there a need for revision? Hum Reprod 2014;29:1842–5.

D. Cimadomo et al.                                                                                                                                                                                                                             European Journal of Obstetrics & Gynecology and Reproductive Biology 313 (2025) 114609 

15 

https://doi.org/10.1016/j.ejogrb.2025.114609
https://doi.org/10.1016/j.ejogrb.2025.114609
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0005
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0005
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0005
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0010
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0010
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0010
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0015
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0015
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0015
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0020
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0020
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0020
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0025
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0025
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0025
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0025
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0030
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0030
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0035
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0035
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0040
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0040
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0045
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0045
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0045
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0050
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0050
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0050
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0050
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0055
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0055
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0055
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0060
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0060
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0060
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0060
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0065
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0065
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0065
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0070
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0070
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0070
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0075
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0075
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0075
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0075
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0080
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0080
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0080
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0080
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0080
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0085
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0085
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0085
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0090
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0090


[19] Ferraretti AP, La Marca A, Fauser BC, Tarlatzis B, Nargund G, Gianaroli L, et al. 
ESHRE consensus on the definition of ’poor response’ to ovarian stimulation for 
in vitro fertilization: the Bologna criteria. Hum Reprod 2011;26:1616–24.

[20] Alviggi C, Andersen CY, Buehler K, Conforti A, De Placido G, Esteves SC, et al. 
Poseidon Group. a new more detailed stratification of low responders to ovarian 
stimulation: from a poor ovarian response to a low prognosis concept. Fertil Steril 
2016;105:1452–3.

[21] Hosseini L, Shirazi A, Naderi MM, Shams-Esfandabadi N, Borjian Boroujeni S, 
Sarvari A, et al. Platelet-rich plasma promotes the development of isolated human 
primordial and primary follicles to the preantral stage. Reprod Biomed Online 
2017;35:343–50.

[22] Herlihy NS, Seli E. The use of intraovarian injection of autologous platelet rich 
plasma (PRP) in patients with poor ovarian response and premature ovarian 
insufficiency. Curr Opin Obstet Gynecol 2022;34:133–7.

[23] Melo P, Navarro C, Jones C, Coward K, Coleman L. The use of autologous platelet- 
rich plasma (PRP) versus no intervention in women with low ovarian reserve 
undergoing fertility treatment: a non-randomized interventional study. J Assist 
Reprod Genet 2020;37:855–63.

[24] Barad DH, Albertini DF, Molinari E, Gleicher N. Preliminary report of 
intraovarian injections of autologous platelet-rich plasma (PRP) in extremely 
poor prognosis patients with only oocyte donation as alternative: a prospective 
cohort study. Hum Reprod Open 2022;2022:hoac027.

[25] Pacu I, Zygouropoulos N, Dimitriu M, Rosu G, Ionescu CA. Use of platelet-rich 
plasma in the treatment of infertility in poor responders in assisted human 
reproduction procedures. Exp Ther Med 2021;22:1412.

[26] Tulek F, Kahraman A. The effects of intra-ovarian autologous platelet rich plasma 
injection on IVF outcomes of poor responder women and women with premature 
ovarian insufficiency. J Turk Ger Gynecol Assoc 2022;23:14–21.

[27] Cakiroglu Y, Yuceturk A, Karaosmanoglu O, Kopuk SY, Korun ZEU, Herlihy N, 
et al. Ovarian reserve parameters and IVF outcomes in 510 women with poor 
ovarian response (POR) treated with intraovarian injection of autologous platelet 
rich plasma (PRP). Aging (Albany NY) 2022;14:2513–23.

[28] Herlihy NS, Cakiroglu Y, Whitehead C, Reig A, Tiras B, Scott Jr RT, et al. Effect of 
intraovarian platelet-rich plasma injection on IVF outcomes in women with poor 
ovarian response: the PROVA randomized controlled trial. Hum Reprod 2024.

[29] Cozzolino M, Ergun Y, Seli DA, Herraiz S. Intraovarian PRP injection improves 
oocyte quality and early embryo development in mouse models of chemotherapy- 
induced diminished ovarian reserve. Aging (Albany NY) 2024;16:12123–37.

[30] Herraiz S, Buigues A, Diaz-Garcia C, Romeu M, Martinez S, Gomez-Segui I, et al. 
Fertility rescue and ovarian follicle growth promotion by bone marrow stem cell 
infusion. Fertil Steril 2018;109(908–18):e2.

[31] Merino-Ruiz M, Morales-Martinez FA, Navar-Vizcarra E, Valdes-Martinez OH, 
Sordia-Hernandez LH, Saldivar-Rodriguez D, et al. The elimination of apoptotic 
sperm in IVF procedures and its effect on pregnancy rate. JBRA Assist Reprod 
2019;23:112–6.

[32] Olatunji O, More A. A Review of the Impact of Microfluidics Technology on 
Sperm selection Technique. Cureus 2022;14:e27369.

[33] De Vos M, Grynberg M, Ho TM, Yuan Y, Albertini DF, Gilchrist RB. Perspectives 
on the development and future of oocyte IVM in clinical practice. J Assist Reprod 
Genet 2021;38:1265–80.

[34] Mandelbaum RS, Awadalla MS, Smith MB, Violette CJ, Klooster BL, Danis RB, 
et al. Developmental potential of immature human oocytes aspirated after 
controlled ovarian stimulation. J Assist Reprod Genet 2021;38:2291–9.

[35] Elkhatib I, Nogueira D, Bayram A, Abdala A, Del Gallego R, Melado L, et al. How 
to identify patients who would benefit from delayed-matured oocytes 
insemination: a sibling oocyte and ploidy outcome study. Hum Reprod 2023;38: 
1473–83.

[36] Bartolacci A, Busnelli A, Pagliardini L, de Girolamo S, De Santis L, Esposito S, 
et al. Assessing the developmental competence of oocytes matured following 
rescue in vitro maturation: a systematic review and meta-analysis. J Assist Reprod 
Genet 2024.

[37] Coticchio G, Ahlstrom A, Arroyo G, Balaban B, Campbell A, De Los Santos MJ, 
et al. The Istanbul consensus update: a revised ESHRE/ALPHA consensus on 
oocyte and embryo static and dynamic morphological assessmentdagger,double 
dagger. Hum Reprod 2025.

[38] Palermo G, Joris H, Devroey P, Van Steirteghem AC. Pregnancies after 
intracytoplasmic injection of single spermatozoon into an oocyte. Lancet 1992; 
340:17–8.

[39] European IVFMCftESoHR, Embryology, Smeenk J, Wyns C, De Geyter C, 
Kupka M, ART in Europe, et al. results generated from European registries by 
ESHREdagger. Hum Reprod 2019;2023(38):2321–38.

[40] Franasiak JM, Polyzos NP, Neves AR, Yovich JL, Ho TM, Vuong LN, et al. 
Intracytoplasmic sperm injection for all or for a few? Fertil Steril 2022;117: 
270–84.

[41] Gennarelli G, Carosso A, Canosa S, Filippini C, Cesarano S, Scarafia C, et al. ICSI 
Versus conventional IVF in Women Aged 40 Years or more and Unexplained 
Infertility: a Retrospective Evaluation of 685 Cycles with Propensity score Model. 
J Clin Med 2019;8.

[42] Drakopoulos P, Garcia-Velasco J, Bosch E, Blockeel C, de Vos M, Santos-Ribeiro S, 
et al. ICSI does not offer any benefit over conventional IVF across different 
ovarian response categories in non-male factor infertility: a European multicenter 
analysis. J Assist Reprod Genet 2019;36:2067–76.

[43] Wang Y, Li R, Yang R, Zheng D, Zeng L, Lian Y, et al. Intracytoplasmic sperm 
injection versus conventional in-vitro fertilisation for couples with infertility with 
non-severe male factor: a multicentre, open-label, randomised controlled trial. 
Lancet 2024;403:924–34.

[44] Bouwmans CA, Lintsen BM, Eijkemans MJ, Habbema JD, Braat DD, Hakkaart L. 
A detailed cost analysis of in vitro fertilization and intracytoplasmic sperm 
injection treatment. Fertil Steril 2008;89:331–41.

[45] ASRM PCotASfRM. Intracytoplasmic sperm injection (ICSI) for non-male factor 
indications: a committee opinion. Fertil Steril 2020;114:239–45.

[46] Lukaszuk K, Jakiel G, Woclawek Potocka I, Kiewisz J, Olszewska J, Sieg W, et al. 
IMSI-Guidelines for Sperm Quality Assessment. Diagnostics (Basel) 2022;12.

[47] Gatimel N, Parinaud J, Leandri RD. Intracytoplasmic morphologically selected 
sperm injection (IMSI) does not improve outcome in patients with two successive 
IVF-ICSI failures. J Assist Reprod Genet 2016;33:349–55.

[48] Delaroche L, Yazbeck C, Gout C, Kahn V, Oger P, Rougier N. Intracytoplasmic 
morphologically selected sperm injection (IMSI) after repeated IVF or ICSI 
failures: a prospective comparative study. Eur J Obstet Gynecol Reprod Biol 2013; 
167:76–80.

[49] Luna D, Hilario R, Duenas-Chacon J, Romero R, Zavala P, Villegas L, et al. The 
IMSI procedure improves laboratory and clinical outcomes without 
compromising the aneuploidy rate when compared to the classical ICSI 
procedure. Clin Med Insights Reprod Health 2015;9:29–37.

[50] Klement AH, Koren-Morag N, Itsykson P, Berkovitz A. Intracytoplasmic 
morphologically selected sperm injection versus intracytoplasmic sperm 
injection: a step toward a clinical algorithm. Fertil Steril 2013;99:1290–3.

[51] Liperis G, Sharma K, Ammar OF, Fraire-Zamora JJ, Martins da Silva S, 
Thomson A, et al. #ESHREjc report: are sperm selection techniques a panacea? 
Indications for the use of physiological intracytoplasmic sperm injection (PICSI) 
in medically assisted reproduction. Hum Reprod 2022;37:2492–6.

[52] Mokanszki A, Tothne EV, Bodnar B, Tandor Z, Molnar Z, Jakab A, et al. Is sperm 
hyaluronic acid binding ability predictive for clinical success of intracytoplasmic 
sperm injection: PICSI vs. ICSI? Syst Biol Reprod Med 2014;60:348–54.

[53] Avalos-Duran G, Canedo-Del Angel AME, Rivero-Murillo J, Zambrano- 
Guerrero JE, Carballo-Mondragon E, Checa-Vizcaino MA. Physiological ICSI 
(PICSI) vs. conventional ICSI in couples with male factor: a systematic review. 
JBRA Assist Reprod 2018;22:139–47.

[54] Shilling F, Mandel G, Jaffe LA. Activation by serotonin of starfish eggs expressing 
the rat serotonin 1c receptor. Cell Regul 1990;1:465–9.

[55] Campos G, Sciorio R, Esteves SC. Total fertilization failure after ICSI: insights into 
pathophysiology, diagnosis, and management through artificial oocyte activation. 
Hum Reprod Update 2023;29:369–94.

[56] Chen C, Sun T, Yin M, Yan Z, Yu W, Long H, et al. Ionomycin-induced mouse 
oocyte activation can disrupt preimplantation embryo development through 
increased reactive oxygen species reaction and DNA damage. Mol Hum Reprod 
2020;26:773–83.

[57] Anifandis G, Michopoulos A, Daponte A, Chatzimeletiou K, Simopoulou M, 
Messini CI, et al. Artificial oocyte activation: physiological, pathophysiological 
and ethical aspects. Syst Biol Reprod Med 2019;65:3–11.

[58] Nagy ZP, Joris H, Liu J, Staessen C, Devroey P, Van Steirteghem AC. 
Intracytoplasmic single sperm injection of 1-day-old unfertilized human oocytes. 
Hum Reprod 1993;8:2180–4.

[59] Dai SJ, Qiao YH, Jin HX, Xin ZM, Su YC, Sun YP, et al. Effect of coincubation time 
of sperm-oocytes on fertilization, embryonic development, and subsequent 
pregnancy outcome. Syst Biol Reprod Med 2012;58:348–53.

[60] Pehlivan T, Rubio C, Ruiz A, Navarro J, Remohi J, Pellicer A, et al. Embryonic 
chromosomal abnormalities obtained after rescue intracytoplasmic sperm 
injection of 1-day-old unfertilized oocytes. J Assist Reprod Genet 2004;21:55–7.

[61] DeUgarte CM, Li M, Jordan B, Hill D, DeCherney A, Surrey M. Rescue 
intracytoplasmic sperm injection and preimplantation genetic diagnosis in 
combination can result in pregnancy. Fertil Steril 2006;86:200–2.

[62] Zeng J, Yao Z, Zhang Y, Tian F, Liao T, Wu L, et al. Fertilization and neonatal 
outcomes after early rescue intracytoplasmic sperm injection: a retrospective 
analysis of 16,769 patients. Arch Gynecol Obstet 2022;306:249–58.

[63] Beck-Fruchter R, Lavee M, Weiss A, Geslevich Y, Shalev E. Rescue 
intracytoplasmic sperm injection: a systematic review. Fertil Steril 2014;101: 
690–8.

[64] Paffoni A, Reschini M, Pisaturo V, Guarneri C, Palini S, Vigano P. Should rescue 
ICSI be re-evaluated considering the deferred transfer of cryopreserved embryos 
in in-vitro fertilization cycles? a systematic review and meta-analysis. Reprod Biol 
Endocrinol 2021;19:121.

[65] Armstrong S, MacKenzie J, Woodward B, Pacey A, Farquhar C. GM-CSF 
(granulocyte macrophage colony-stimulating factor) supplementation in culture 
media for women undergoing assisted reproduction. Cochrane Database Syst Rev 
2020;7:CD013497.

[66] Armstrong S, Bhide P, Jordan V, Pacey A, Marjoribanks J, Farquhar C. Time-lapse 
systems for embryo incubation and assessment in assisted reproduction. Cochrane 
Database Syst Rev 2019;5:CD011320.

[67] Apter S, Ebner T, Freour T, Guns Y, Kovacic B, Le Clef N, et al. Eshre Working 
group on Time-lapse technology: good practice recommendations for the use of 
time-lapse technology. Hum Reprod Open 2020;2020:hoaa008.

[68] Coticchio G, Barrie A, Lagalla C, Borini A, Fishel S, Griffin D, et al. Plasticity of the 
human preimplantation embryo: developmental dogmas, variations on themes 
and self-correction. Hum Reprod Update 2021;27:848–65.

[69] Dimitriadis I, Zaninovic N, Badiola AC, Bormann CL. Artificial intelligence in the 
embryology laboratory: a review. Reprod Biomed Online 2022;44:435–48.

[70] Salih M, Austin C, Warty RR, Tiktin C, Rolnik DL, Momeni M, et al. Embryo 
selection through artificial intelligence versus embryologists: a systematic review. 
Hum Reprod Open 2023;2023:hoad031.

D. Cimadomo et al.                                                                                                                                                                                                                             European Journal of Obstetrics & Gynecology and Reproductive Biology 313 (2025) 114609 

16 

http://refhub.elsevier.com/S0301-2115(25)00885-1/h0095
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0095
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0095
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0100
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0100
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0100
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0100
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0105
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0105
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0105
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0105
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0110
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0110
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0110
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0115
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0115
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0115
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0115
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0120
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0120
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0120
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0120
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0125
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0125
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0125
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0130
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0130
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0130
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0135
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0135
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0135
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0135
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0140
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0140
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0140
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0145
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0145
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0145
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0150
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0150
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0150
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0155
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0155
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0155
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0155
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0160
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0160
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0165
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0165
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0165
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0170
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0170
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0170
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0175
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0175
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0175
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0175
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0180
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0180
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0180
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0180
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0185
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0185
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0185
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0185
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0190
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0190
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0190
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0195
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0195
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0195
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0200
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0200
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0200
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0205
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0205
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0205
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0205
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0210
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0210
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0210
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0210
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0215
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0215
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0215
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0215
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0220
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0220
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0220
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0225
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0225
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0230
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0230
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0235
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0235
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0235
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0240
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0240
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0240
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0240
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0245
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0245
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0245
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0245
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0250
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0250
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0250
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0255
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0255
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0255
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0255
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0260
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0260
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0260
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0265
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0265
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0265
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0265
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0270
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0270
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0275
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0275
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0275
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0280
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0280
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0280
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0280
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0285
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0285
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0285
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0290
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0290
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0290
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0295
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0295
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0295
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0300
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0300
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0300
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0305
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0305
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0305
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0310
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0310
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0310
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0315
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0315
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0315
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0320
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0320
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0320
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0320
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0325
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0325
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0325
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0325
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0330
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0330
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0330
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0335
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0335
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0335
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0340
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0340
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0340
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0345
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0345
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0350
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0350
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0350


[71] Armstrong S, Bhide P, Jordan V, Pacey A, Farquhar C. Time-lapse systems for 
embryo incubation and assessment in assisted reproduction. Cochrane Database 
Syst Rev 2018;5:CD011320.

[72] Illingworth PJ, Venetis C, Gardner DK, Nelson SM, Berntsen J, Larman MG, et al. 
Deep learning versus manual morphology-based embryo selection in IVF: a 
randomized, double-blind noninferiority trial. Nat Med 2024.

[73] Cimadomo D, Rienzi L, Capalbo A, Rubio C, Innocenti F, Garcia-Pascual CM, et al. 
The dawn of the future: 30 years from the first biopsy of a human embryo. the 
detailed history of an ongoing revolution. Hum Reprod Update 2020.

[74] Kokkali G, Coticchio G, Bronet F, Celebi C, Cimadomo D, Goossens V, et al. 
ESHRE PGT Consortium and SIG Embryology good practice recommendations for 
polar body and embryo biopsy for PGT. Hum Reprod Open 2020;2020:hoaa020.

[75] Tiegs AW, Tao X, Zhan Y, Whitehead C, Kim J, Hanson B, et al. A multicenter, 
prospective, blinded, nonselection study evaluating the predictive value of an 
aneuploid diagnosis using a targeted next-generation sequencing-based 
preimplantation genetic testing for aneuploidy assay and impact of biopsy. Fertil 
Steril 2020.

[76] Greco E, Minasi MG, Fiorentino F. Healthy babies after Intrauterine transfer of 
Mosaic Aneuploid Blastocysts. N Engl J Med 2015;373:2089–90.

[77] Marin D, Scott Jr RT, Treff NR. Preimplantation embryonic mosaicism: origin, 
consequences and the reliability of comprehensive chromosome screening. Curr 
Opin Obstet Gynecol 2017;29:168–74.

[78] Popovic M, Dhaenens L, Boel A, Menten B, Heindryckx B. Chromosomal 
mosaicism in human blastocysts: the ultimate diagnostic dilemma. Hum Reprod 
Update 2020;26:313–34.

[79] De Rycke M, Capalbo A, Coonen E, Coticchio G, Fiorentino F, Goossens V, et al. 
Eshre Working Group on Chromosomal Mosaicism - ESHRE survey results and 
good practice recommendations on managing chromosomal mosaicism. Hum 
Reprod Open 2022;2022:hoac044.

[80] Capalbo A, Poli M, Rienzi L, Girardi L, Patassini C, Fabiani M, et al. Mosaic human 
preimplantation embryos and their developmental potential in a prospective, 
non-selection clinical trial. Am J Hum Genet 2021;108:2238–47.

[81] Capalbo A, Poli M, Jalas C, Forman EJ, Treff NR. On the reproductive capabilities 
of aneuploid human preimplantation embryos. Am J Hum Genet 2022;109: 
1572–81.

[82] Dahdouh EM, Balayla J, Garcia-Velasco JA. Comprehensive chromosome 
screening improves embryo selection: a meta-analysis. Fertil Steril 2015;104: 
1503–12.

[83] Chen M, Wei S, Hu J, Quan S. Can Comprehensive Chromosome Screening 
Technology Improve IVF/ICSI Outcomes? A Meta-Analysis PLoS One 2015;10: 
e0140779.

[84] Fertil Steril 2024;122:421–34.
[85] Franasiak JM, Forman EJ, Hong KH, Werner MD, Upham KM, Treff NR, et al. The 

nature of aneuploidy with increasing age of the female partner: a review of 
15,169 consecutive trophectoderm biopsies evaluated with comprehensive 
chromosomal screening. Fertil Steril 2014;101(656–63):e1.

[86] Gruhn JR, Zielinska AP, Shukla V, Blanshard R, Capalbo A, Cimadomo D, et al. 
Chromosome errors in human eggs shape natural fertility over reproductive life 
span. Science 2019;365:1466–9.

[87] Capalbo A, Hoffmann ER, Cimadomo D, Ubaldi FM, Rienzi L. Human female 
meiosis revised: new insights into the mechanisms of chromosome segregation 
and aneuploidies from advanced genomics and time-lapse imaging. Hum Reprod 
Update 2017;23:706–22.

[88] Somigliana E, Busnelli A, Paffoni A, Vigano P, Riccaboni A, Rubio C, et al. Cost- 
effectiveness of preimplantation genetic testing for aneuploidies. Fertil Steril 
2019;111:1169–76.

[89] Fragouli E, Wells D. Mitochondrial DNA Assessment to Determine Oocyte and 
embryo Viability. Semin Reprod Med 2015;33:401–9.

[90] Fragouli E, Spath K, Alfarawati S, Kaper F, Craig A, Michel CE, et al. Altered levels 
of mitochondrial DNA are associated with female age, aneuploidy, and provide an 
independent measure of embryonic implantation potential. PLoS Genet 2015;11: 
e1005241.

[91] Leese HJ, Brison DR, Sturmey RG. The Quiet embryo Hypothesis: 20 years on. 
Front Physiol 2022;13:899485.

[92] Treff NR, Zhan Y, Tao X, Olcha M, Han M, Rajchel J, et al. Levels of 
trophectoderm mitochondrial DNA do not predict the reproductive potential of 
sibling embryos. Hum Reprod 2017;32:954–62.

[93] Scott 3rd RT, Sun L, Zhan Y, Marin D, Tao X, Seli E. Mitochondrial DNA content is 
not predictive of reproductive competence in euploid blastocysts. Reprod Biomed 
Online 2020;41:183–90.

[94] Victor AR, Brake AJ, Tyndall JC, Griffin DK, Zouves CG, Barnes FL, et al. Accurate 
quantitation of mitochondrial DNA reveals uniform levels in human blastocysts 
irrespective of ploidy, age, or implantation potential. Fertil Steril 2017;107 
(34–42):e3.

[95] Viotti M, Victor AR, Zouves CG, Barnes FL. Is mitochondrial DNA quantitation in 
blastocyst trophectoderm cells predictive of developmental competence and 
outcome in clinical IVF? J Assist Reprod Genet 2017;34:1581–5.

[96] Leaver M, Wells D. Non-invasive preimplantation genetic testing (niPGT): the 
next revolution in reproductive genetics? Hum Reprod Update 2020;26:16–42.

[97] Rubio C, Rienzi L, Navarro-Sanchez L, Cimadomo D, Garcia-Pascual CM, 
Albricci L, et al. Embryonic cell-free DNA versus trophectoderm biopsy for 
aneuploidy testing: concordance rate and clinical implications. Fertil Steril 2019; 
112:510–9.

[98] Rubio C, Navarro-Sanchez L, Garcia-Pascual CM, Ocali O, Cimadomo D, 
Venier W, et al. Multicenter prospective study of concordance between embryonic 

cell-free DNA and trophectoderm biopsies from 1301 human blastocysts. Am J 
Obstet Gynecol 2020.

[99] Hanson BM, Tao X, Hong KH, Comito CE, Pangasnan R, Seli E, et al. Noninvasive 
preimplantation genetic testing for aneuploidy exhibits high rates of 
deoxyribonucleic acid amplification failure and poor correlation with results 
obtained using trophectoderm biopsy. Fertil Steril 2021;115:1461–70.

[100] Moore JF, Carugno J. Hysteroscopy. Treasure Island (FL): StatPearls; 2024.
[101] Di Spiezio SA, Calagna G, Santangelo F, Zizolfi B, Tanos V, Perino A, et al. The 

Role of Hysteroscopy in the Diagnosis and Treatment of Adenomyosis. Biomed 
Res Int 2017;2017:2518396.

[102] Connor M. New technologies and innovations in hysteroscopy. Best Pract Res Clin 
Obstet Gynaecol 2015;29:951–65.

[103] Vitale SG, Caruso S, Vitagliano A, Vilos G, Di Gregorio LM, Zizolfi B, et al. The 
value of virtual reality simulators in hysteroscopy and training capacity: a 
systematic review. Minim Invasive Ther Allied Technol 2020;29:185–93.

[104] Umranikar S, Clark TJ, Saridogan E, Miligkos D, Arambage K, Torbe E, et al. 
BSGE/ESGE guideline on management of fluid distension media in operative 
hysteroscopy. Gynecol Surg 2016;13:289–303.

[105] Di Spiezio SA, Taylor A, Tsirkas P, Mastrogamvrakis G, Sharma M, Magos A. 
Hysteroscopy: a technique for all? Analysis of 5,000 outpatient hysteroscopies. 
Fertil Steril 2008;89:438–43.

[106] Campo R, Santangelo F, Gordts S, Di Cesare C, Van Kerrebroeck H, De Angelis MC, 
et al. Outpatient hysteroscopy. Facts Views Vis Obgyn 2018;10:115–22.

[107] Buzzaccarini G, Alonso Pacheco L, Vitagliano A, Haimovich S, Chiantera V, 
Torok P, et al. Pain management during office hysteroscopy: an evidence-based 
approach. Medicina (Kaunas) 2022;58.

[108] Cholkeri-Singh A, Sasaki KJ. Hysteroscopy for infertile women: a review. J Minim 
Invasive Gynecol 2015;22:353–62.

[109] Di Spiezio SA, Campo R, Zizolfi B, Santangelo F, Meier Furst R, Di Cesare C, et al. 
Long-term reproductive outcomes after hysteroscopic treatment of dysmorphic 
uteri in women with reproductive failure: an European multicenter study. 
J Minim Invasive Gynecol 2020;27:755–62.

[110] Vitagliano A, Cicinelli E, Vigano P, Sorgente G, Nicoli P, Busnelli A, et al. 
Isthmocele, not cesarean section per se, reduces in vitro fertilization success: a 
systematic review and meta-analysis of over 10,000 embryo transfer cycles. Fertil 
Steril 2024;121:299–313.

[111] Reyes-Munoz E, Vitale SG, Alvarado-Rosales D, Iyune-Cojab E, Vitagliano A, 
Lohmeyer FM, et al. Mullerian anomalies prevalence diagnosed by hysteroscopy 
and laparoscopy in Mexican infertile women: results from a cohort study. 
Diagnostics (Basel) 2019;9.

[112] Di Spiezio SA, Zizolfi B, Lodhi W, Bifulco G, Fernandez L, Spinelli M, et al. See and 
treat’ outpatient hysteroscopy with novel fibreoptic ’Alphascope. J Obstet 
Gynaecol 2012;32:298–300.

[113] El-Toukhy T, Campo R, Khalaf Y, Tabanelli C, Gianaroli L, Gordts SS, et al. 
Hysteroscopy in recurrent in-vitro fertilisation failure (TROPHY): a multicentre, 
randomised controlled trial. Lancet 2016;387:2614–21.

[114] Smit JG, Kasius JC, Eijkemans MJC, Koks CAM, van Golde R, Nap AW, et al. 
Hysteroscopy before in-vitro fertilisation (inSIGHT): a multicentre, randomised 
controlled trial. Lancet 2016;387:2622–9.

[115] Di Spiezio SA, Di Carlo C, Minozzi S, Spinelli M, Pistotti V, Alviggi C, et al. 
Efficacy of hysteroscopy in improving reproductive outcomes of infertile couples: 
a systematic review and meta-analysis. Hum Reprod Update 2016;22:479–96.

[116] Yazdani A, Kroon B, Ameratunga D. A controversial old topic revisited: should 
diagnostic hysteroscopy be routinely performed prior to the first IVF cycle? A 
systematic review and updated meta-analysis. J Minim Invasive Gynecol 2023;30: 
935–6.

[117] Fatemi HM, Kasius JC, Timmermans A, van Disseldorp J, Fauser BC, Devroey P, 
et al. Prevalence of unsuspected uterine cavity abnormalities diagnosed by office 
hysteroscopy prior to in vitro fertilization. Hum Reprod 2010;25:1959–65.

[118] Cicinelli E, Resta L, Loizzi V, Pinto V, Santarsiero C, Cicinelli R, et al. Antibiotic 
therapy versus no treatment for chronic endometritis: a case-control study. Fertil 
Steril 2021;115:1541–8.

[119] Moreno I, Cicinelli E, Garcia-Grau I, Gonzalez-Monfort M, Bau D, Vilella F, et al. 
The diagnosis of chronic endometritis in infertile asymptomatic women: a 
comparative study of histology, microbial cultures, hysteroscopy, and molecular 
microbiology. Am J Obstet Gynecol 2018;218(602):e1–16.

[120] Cicinelli E, Matteo M, Trojano G, Mitola PC, Tinelli R, Vitagliano A, et al. Chronic 
endometritis in patients with unexplained infertility: Prevalence and effects of 
antibiotic treatment on spontaneous conception. Am J Reprod Immunol 2018;79.

[121] Kitaya K, Matsubayashi H, Takaya Y, Nishiyama R, Yamaguchi K, Takeuchi T, 
et al. Live birth rate following oral antibiotic treatment for chronic endometritis 
in infertile women with repeated implantation failure. Am J Reprod Immunol 
2017;78.

[122] Cicinelli E, McQueen DB, Huepfel B, Vitagliano A, Moreno I, Simon C, et al. 
Should patients be screened for chronic endometritis before assisted reproductive 
technology? Fertil Steril 2022;118:639–52.

[123] Cicinelli E, Vitagliano A, Kumar A, Lasmar RB, Bettocchi S, Haimovich S, et al. 
Unified diagnostic criteria for chronic endometritis at fluid hysteroscopy: 
proposal and reliability evaluation through an international randomized- 
controlled observer study. Fertil Steril 2019;112(162–73):e2.

[124] Cicinelli E, Haimovich S, De Ziegler D, Raz N, Ben-Tzur D, Andrisani A, et al. 
MUM-1 immunohistochemistry has high accuracy and reliability in the diagnosis 
of chronic endometritis: a multi-centre comparative study with CD-138 
immunostaining. J Assist Reprod Genet 2022;39:219–26.

D. Cimadomo et al.                                                                                                                                                                                                                             European Journal of Obstetrics & Gynecology and Reproductive Biology 313 (2025) 114609 

17 

http://refhub.elsevier.com/S0301-2115(25)00885-1/h0355
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0355
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0355
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0360
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0360
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0360
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0365
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0365
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0365
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0370
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0370
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0370
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0375
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0375
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0375
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0375
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0375
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0380
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0380
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0385
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0385
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0385
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0390
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0390
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0390
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0395
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0395
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0395
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0395
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0400
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0400
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0400
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0405
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0405
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0405
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0410
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0410
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0410
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0415
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0415
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0415
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0420
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0425
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0425
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0425
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0425
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0430
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0430
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0430
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0435
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0435
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0435
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0435
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0440
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0440
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0440
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0445
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0445
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0450
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0450
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0450
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0450
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0455
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0455
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0460
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0460
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0460
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0465
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0465
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0465
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0470
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0470
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0470
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0470
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0475
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0475
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0475
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0480
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0480
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0485
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0485
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0485
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0485
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0490
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0490
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0490
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0490
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0495
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0495
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0495
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0495
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0500
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0505
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0505
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0505
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0510
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0510
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0515
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0515
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0515
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0520
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0520
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0520
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0525
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0525
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0525
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0530
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0530
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0535
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0535
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0535
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0540
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0540
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0545
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0545
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0545
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0545
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0550
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0550
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0550
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0550
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0555
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0555
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0555
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0555
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0560
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0560
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0560
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0565
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0565
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0565
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0570
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0570
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0570
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0575
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0575
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0575
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0580
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0580
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0580
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0580
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0585
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0585
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0585
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0590
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0590
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0590
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0595
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0595
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0595
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0595
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0600
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0600
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0600
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0605
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0605
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0605
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0605
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0610
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0610
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0610
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0615
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0615
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0615
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0615
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0620
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0620
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0620
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0620


[125] Lensen SF, Armstrong S, Gibreel A, Nastri CO, Raine-Fenning N, Martins WP. 
Endometrial injury in women undergoing in vitro fertilisation (IVF). Cochrane 
Database Syst Rev 2021;6:CD009517.

[126] Pluddemann A, Onakpoya I. Endometrial scratching before in vitro fertilisation 
does not increase live birth rate. BMJ Evid Based Med 2020;25:38–9.

[127] van Hoogenhuijze NE, Lahoz Casarramona G, Lensen S, Farquhar C, Kamath MS, 
Kunjummen AT, et al. Endometrial scratching in women undergoing IVF/ICSI: an 
individual participant data meta-analysis. Hum Reprod Update 2023;29:721–40.

[128] Craciunas L, Gallos I, Chu J, Bourne T, Quenby S, Brosens JJ, et al. Conventional 
and modern markers of endometrial receptivity: a systematic review and meta- 
analysis. Hum Reprod Update 2019;25:202–23.

[129] Cohen AM, Ye XY, Colgan TJ, Greenblatt EM, Chan C. Comparing endometrial 
receptivity array to histologic dating of the endometrium in women with a history 
of implantation failure. Syst Biol Reprod Med 2020;66:347–54.

[130] Cozzolino M, Diaz-Gimeno P, Pellicer A, Garrido N. Evaluation of the endometrial 
receptivity assay and the preimplantation genetic test for aneuploidy in 
overcoming recurrent implantation failure. J Assist Reprod Genet 2020;37: 
2989–97.

[131] Eisman LE, Pisarska MD, Wertheimer S, Chan JL, Akopians AL, Surrey MW, et al. 
Clinical utility of the endometrial receptivity analysis in women with prior failed 
transfers. J Assist Reprod Genet 2021;38:645–50.

[132] Bassil R, Casper R, Samara N, Hsieh TB, Barzilay E, Orvieto R, et al. Does the 
endometrial receptivity array really provide personalized embryo transfer? 
J Assist Reprod Genet 2018;35:1301–5.

[133] Neves AR, Devesa M, Martinez F, Garcia-Martinez S, Rodriguez I, Polyzos NP, 
et al. What is the clinical impact of the endometrial receptivity array in PGT-A 
and oocyte donation cycles? J Assist Reprod Genet 2019;36:1901–8.

[134] Barrenetxea G, Romero I, Celis R, Abio A, Bilbao M, Barrenetxea J. Correlation 
between plasmatic progesterone, endometrial receptivity genetic assay and 
implantation rates in frozen-thawed transferred euploid embryos. a multivariate 
analysis. Eur J Obstet Gynecol Reprod Biol 2021;263:192–7.

[135] Hashimoto T, Koizumi M, Doshida M, Toya M, Sagara E, Oka N, et al. Efficacy of 
the endometrial receptivity array for repeated implantation failure in Japan: a 
retrospective, two-centers study. Reprod Med Biol 2017;16:290–6.

[136] Juarez-Barber E, Cozzolino M, Corachan A, Alecsandru D, Pellicer N, Pellicer A, 
et al. Adjustment of progesterone administration after endometrial transcriptomic 
analysis does not improve reproductive outcomes in women with adenomyosis. 
Reprod Biomed Online 2023;46:99–106.

[137] Cozzolino M, Diaz-Gimeno P, Pellicer A, Garrido N. Use of the endometrial 
receptivity array to guide personalized embryo transfer after a failed transfer 
attempt was associated with a lower cumulative and per transfer live birth rate 
during donor and autologous cycles. Fertil Steril 2022.

[138] Simon C, Gomez C, Cabanillas S, Vladimirov I, Castillon G, Giles J, et al. A 5-year 
multicentre randomized controlled trial comparing personalized, frozen and fresh 
blastocyst transfer in IVF. Reprod Biomed Online 2020;41:402–15.

[139] Lensen S, Wilkinson J, van Wely M, Farquhar C. Comments on the methodology of 
an endometrial receptivity array trial. Reprod Biomed Online 2021;42:283.

[140] Doyle N, Jahandideh S, Hill MJ, Widra EA, Levy M, Devine K. Effect of timing by 
endometrial receptivity testing vs standard timing of frozen embryo transfer on 
live birth in patients undergoing in vitro fertilization: a randomized clinical trial. 
J Am Med Assoc 2022;328:2117–25.

[141] Maksimovic Celicanin M, Haahr T, Humaidan P, Skafte-Holm A. Vaginal dysbiosis 
- the association with reproductive outcomes in IVF patients: a systematic review 
and meta-analysis. Curr Opin Obstet Gynecol 2024;36:155–64.

[142] Ou S, Liao M, Cui L, Du Y, Zhao L, Peng C, et al. Associations between microbial 
presence in follicular fluid with IVF outcomes: a systematic review and meta- 
analysis. J Assist Reprod Genet 2023;40:2501–11.

[143] Farahani L, Tharakan T, Yap T, Ramsay JW, Jayasena CN, Minhas S. The semen 
microbiome and its impact on sperm function and male fertility: a systematic 
review and meta-analysis. Andrology 2021;9:115–44.

[144] Moreno I, Garcia-Grau I, Perez-Villaroya D, Gonzalez-Monfort M, Bahceci M, 
Barrionuevo MJ, et al. Endometrial microbiota composition is associated with 
reproductive outcome in infertile patients. Microbiome 2022;10:1.

[145] Su W, Gong C, Zhong H, Yang H, Chen Y, Wu X, et al. Vaginal and endometrial 
microbiome dysbiosis associated with adverse embryo transfer outcomes. Reprod 
Biol Endocrinol 2024;22:111.

[146] Thanaboonyawat I, Pothisan S, Petyim S, Laokirkkiat P. Pregnancy outcomes after 
vaginal probiotic supplementation before frozen embryo transfer: a randomized 
controlled study. Sci Rep 2023;13:11892.

[147] Naghi Jafarabadi M, Hadavi F, Ahmadi M, Masoumi M, Zabihzadeh S. 
Intravaginal probiotics before embryo transfer do not improve pregnancy rates in 
recurrent implantation failure cases: an RCT. Int J Reprod Biomed 2024;22: 
363–74.

[148] Di Pierro F, Sinatra F, Cester M, Da Ros L, Pistolato M, Da Pare V, et al. Effect of L. 
crispatus M247 Administration on Pregnancy Outcomes in Women Undergoing 
IVF: a Controlled, Retrospective, Observational, and Open-Label Study. 
Microorganisms 2023;11.

[149] Moffett A, Shreeve N. Local immune recognition of trophoblast in early human 
pregnancy: controversies and questions. Nat Rev Immunol 2023;23:222–35.

[150] Moffett A, Colucci F. Co-evolution of NK receptors and HLA ligands in humans is 
driven by reproduction. Immunol Rev 2015;267:283–97.

[151] Cozzolino M, Pellegrini L, Tartaglia S, Mancuso S, De Angelis F, Vaquero E, et al. 
Subcutaneous G-CSF administration improves IVF outcomes in patients with 
recurrent implantation failure presenting a KIR/HLA-C mismatch. J Reprod 
Immunol 2024;165:104310.

[152] Fertil Steril 2018;110:387–400.

[153] Schieve LA, Meikle SF, Peterson HB, Jeng G, Burnett NM, Wilcox LS. Does assisted 
hatching pose a risk for monozygotic twinning in pregnancies conceived through 
in vitro fertilization? Fertil Steril 2000;74:288–94.

[154] Alteri A, Reschini M, Guarneri C, Bandini V, Bertapelle G, Pinna M, et al. The 
effect of laser-assisted hatching on vitrified/warmed blastocysts: the ALADDIN 
randomized controlled trial. Fertil Steril 2024;122:106–13.

[155] ASRM PCotASfRM. The role of assisted hatching in in vitro fertilization: a 
guideline. Fertil Steril 2022;117:1177–82.

[156] Lacey L, Hassan S, Franik S, Seif MW, Akhtar MA. Assisted hatching on assisted 
conception (in vitro fertilisation (IVF) and intracytoplasmic sperm injection 
(ICSI)). Cochrane Database Syst Rev 2021;3:CD001894.

[157] Bontekoe S, Heineman MJ, Johnson N, Blake D. Adherence compounds in embryo 
transfer media for assisted reproductive technologies. Cochrane Database Syst 
Rev 2014;2014:CD007421.

[158] Salamonsen LA, Shuster S, Stern R. Distribution of hyaluronan in human 
endometrium across the menstrual cycle. Implications for implantation and 
menstruation. Cell Tissue Res 2001;306:335–40.

[159] Stojkovic M, Kolle S, Peinl S, Stojkovic P, Zakhartchenko V, Thompson JG, et al. 
Effects of high concentrations of hyaluronan in culture medium on development 
and survival rates of fresh and frozen-thawed bovine embryos produced in vitro. 
Reproduction 2002;124:141–53.

[160] Behzad F, Seif MW, Campbell S, Aplin JD. Expression of two isoforms of CD44 in 
human endometrium. Biol Reprod 1994;51:739–47.

[161] Campbell S, Swann HR, Aplin JD, Seif MW, Kimber SJ, Elstein M. CD44 is 
expressed throughout pre-implantation human embryo development. Hum 
Reprod 1995;10:425–30.

[162] Afify AM, Craig S, Paulino AF. Temporal variation in the distribution of 
hyaluronic acid, CD44s, and CD44v6 in the human endometrium across the 
menstrual cycle. Appl Immunohistochem Mol Morphol 2006;14:328–33.

[163] Heymann D, Vidal L, Or Y, Shoham Z. Hyaluronic acid in embryo transfer media 
for assisted reproductive technologies. Cochrane Database Syst Rev 2020;9: 
CD007421.

[164] Yung SSF, Lai SF, Lam MT, Lui EMW, Ko JKY, Li HWR, et al. Hyaluronic acid- 
enriched transfer medium for frozen embryo transfer: a randomized, double- 
blind, controlled trial. Fertil Steril 2021;116:1001–9.

[165] Heymann D, Vidal L, Shoham Z, Kostova E, Showell M, Or Y. The effect of 
hyaluronic acid in embryo transfer media in donor oocyte cycles and autologous 
oocyte cycles: a systematic review and meta-analysis. Hum Reprod 2022;37: 
1451–69.

[166] Thalluri V, Woodman RJ, Vollenhoven B, Tremellen K, Zander-Fox D. Exposure to 
corticosteroids in the first trimester is associated with an increased risk of 
urogenital congenital anomalies. Hum Reprod 2022;37:2167–74.

[167] Seckin S, Ramadan H, Mouanness M, Kohansieh M, Merhi Z. Ovarian response to 
intraovarian platelet-rich plasma (PRP) administration: hypotheses and potential 
mechanisms of action. J Assist Reprod Genet 2022;39:37–61.

[168] Aghajanova L, Sundaram V, Kao CN, Letourneau JM, Manvelyan E, Cedars MI, 
et al. Autologous platelet-rich plasma treatment for moderate-severe Asherman 
syndrome: the first experience. J Assist Reprod Genet 2021;38:2955–63.

[169] Maged AM, El-Mazny A, Kamal N, Mahmoud SI, Fouad M, El-Nassery N, et al. The 
value of platelet-rich plasma in women with previous implantation failure: a 
systematic review and meta-analysis. J Assist Reprod Genet 2023;40:969–83.

[170] Vaidakis D, Papapanou M, Siristatidis CS. Autologous platelet-rich plasma for 
assisted reproduction. Cochrane Database Syst Rev 2024;4:CD013875.

[171] Nazari L, Salehpour S, Hosseini S, Sheibani S, Hosseinirad H. The Effects of 
Autologous Platelet-Rich Plasma on Pregnancy Outcomes in Repeated 
Implantation failure patients Undergoing Frozen embryo transfer: a Randomized 
Controlled Trial. Reprod Sci 2022;29:993–1000.

[172] Paiva P, Hannan NJ, Hincks C, Meehan KL, Pruysers E, Dimitriadis E, et al. 
Human chorionic gonadotrophin regulates FGF2 and other cytokines produced by 
human endometrial epithelial cells, providing a mechanism for enhancing 
endometrial receptivity. Hum Reprod 2011;26:1153–62.

[173] Schwartz RW, Donnelly MB, Young B, Nash PP, Witte FM, Griffen Jr WO. 
Undergraduate surgical education for the twenty-first century. Ann Surg 1992; 
216:639–47.

[174] Mouhayar Y, Sharara FI. G-CSF and stem cell therapy for the treatment of 
refractory thin lining in assisted reproductive technology. J Assist Reprod Genet 
2017;34:831–7.

[175] Conforti A, Longobardi S, Carbone L, Iorio GG, Cariati F, Campitiello MR, et al. 
Does Intrauterine Injection of hCG Improve IVF Outcome? a Systematic Review 
and a Meta-Analysis. Int J Mol Sci 2022;23.

[176] Aleyasin A, Abediasl Z, Nazari A, Sheikh M. Granulocyte colony-stimulating 
factor in repeated IVF failure, a randomized trial. Reproduction 2016;151: 
637–42.

[177] Kalem Z, Namli Kalem M, Bakirarar B, Kent E, Makrigiannakis A, Gurgan T. 
Intrauterine G-CSF Administration in Recurrent Implantation failure (RIF): an 
Rct. Sci Rep 2020;10:5139.

[178] Torky H, El-Desouky ES, El-Baz A, Aly R, El-Taher O, Shata A, et al. Effect of Intra 
Uterine Granulocyte Colony Stimulating factor vs. Human Chorionic 
Gonadotropin at Ovum pick up Day on Pregnancy Rate in IVF/ICSI cases with 
Recurrent Implantation failure. JBRA Assist Reprod 2022;26:274–9.

[179] Tyler B, Walford H, Tamblyn J, Keay SD, Mavrelos D, Yasmin E, et al. 
Interventions to optimize embryo transfer in women undergoing assisted 

D. Cimadomo et al.                                                                                                                                                                                                                             European Journal of Obstetrics & Gynecology and Reproductive Biology 313 (2025) 114609 

18 

http://refhub.elsevier.com/S0301-2115(25)00885-1/h0625
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0625
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0625
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0630
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0630
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0635
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0635
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0635
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0640
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0640
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0640
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0645
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0645
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0645
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0650
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0650
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0650
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0650
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0655
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0655
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0655
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0660
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0660
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0660
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0665
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0665
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0665
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0670
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0670
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0670
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0670
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0675
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0675
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0675
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0680
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0680
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0680
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0680
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0685
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0685
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0685
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0685
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0690
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0690
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0690
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0695
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0695
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0700
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0700
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0700
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0700
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0705
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0705
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0705
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0710
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0710
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0710
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0715
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0715
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0715
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0720
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0720
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0720
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0725
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0725
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0725
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0730
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0730
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0730
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0735
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0735
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0735
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0735
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0740
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0740
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0740
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0740
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0745
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0745
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0750
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0750
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0755
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0755
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0755
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0755
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0760
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0765
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0765
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0765
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0770
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0770
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0770
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0775
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0775
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0780
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0780
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0780
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0785
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0785
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0785
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0790
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0790
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0790
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0795
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0795
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0795
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0795
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0800
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0800
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0805
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0805
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0805
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0810
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0810
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0810
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0815
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0815
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0815
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0820
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0820
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0820
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0825
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0825
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0825
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0825
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0830
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0830
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0830
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0835
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0835
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0835
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0840
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0840
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0840
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0845
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0845
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0845
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0850
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0850
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0855
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0855
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0855
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0855
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0860
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0860
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0860
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0860
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0865
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0865
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0865
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0870
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0870
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0870
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0875
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0875
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0875
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0880
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0880
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0880
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0885
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0885
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0885
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0890
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0890
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0890
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0890
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0895
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0895


conception: a comprehensive systematic review and meta-analyses. Hum Reprod 
Update 2022;28:480–500.

[180] Busnelli A, Somigliana E, Cirillo F, Baggiani A, Levi-Setti PE. Efficacy of therapies 
and interventions for repeated embryo implantation failure: a systematic review 
and meta-analysis. Sci Rep 2021;11:1747.

[181] Arefi S, Fazeli E, Esfahani M, Borhani N, Yamini N, Hosseini A, et al. Granulocyte- 
colony stimulating factor may improve pregnancy outcome in patients with 
history of unexplained recurrent implantation failure: an RCT. Int J Reprod 
Biomed 2018;16:299–304.

D. Cimadomo et al.                                                                                                                                                                                                                             European Journal of Obstetrics & Gynecology and Reproductive Biology 313 (2025) 114609 

19 

http://refhub.elsevier.com/S0301-2115(25)00885-1/h0895
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0895
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0900
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0900
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0900
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0905
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0905
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0905
http://refhub.elsevier.com/S0301-2115(25)00885-1/h0905

	IVF add-ons: effectiveness, efficiency, safety, and additional costs – A position statement by the SIFES-MR
	Introduction
	Material and methods
	Add-ONs: short description, summary of the current recommendations, and SIFES-MR position
	Pre-IVF
	Karyotype analysis
	(expanded) carrier screening

	IVF stage: ovarian stimulation
	Growth hormone, testosterone, or dehydroepiandrosterone co-treatments
	Ovarian re-activation

	IVF Stage: IVF – Sperm preparation and selection
	MACS, Microfluidics

	IVF Stage: IVF – Oocyte retrieval
	Rescue-IVM

	IVF Stage: IVF – insemination
	ICSI in non-severe male factor
	Intracytoplasmic morphologic sperm injection (IMSI)
	Physiological-ICSI (PICSI)
	Artificial oocyte activation (AOA)
	Rescue-ICSI

	IVF Stage: IVF – Embryo culture
	Growth Factors-supplemented culture media
	Undisturbed culture in time lapse incubators

	IVF Stage: Embryo assessment
	Embryo morphodynamic assessment
	Preimplantation genetic testing for aneuploidies (PGT-A)
	Mitochondrial DNA (mtDNA) load measurement
	Non-invasive PGT (niPGT)

	IVF Stage: Preparation to embryo transfer (ET)
	Hysteroscopy
	Endometritis testing
	Endometrial scratch
	Endometrial receptivity screening
	Microbiome analysis
	Immunological tests and therapies

	IVF Stage: IVF – Embryo transfer (ET)
	Assisted hatching
	Hyaluronic acid enriched transfer media
	Steroid adjuncts
	PRP intrauterine administration
	hCG or G-CSF intrauterine administration


	Discussion
	Future directions and research priorities

	Conclusion
	Ethical approval
	Availability of data and materials
	Authors’ contribution
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


