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Abstract 30 
Study ques�on: What are the key recommenda�ons for the clinical implementa�on and 31 
technical aspects of expanded carrier screening (ECS) in medically assisted reproduc�on 32 
(MAR)? 33 

Summary answer: The present ESHRE Good Prac�ce Recommenda�on document provides 34 
prac�cal guidance on the clinical, technical, ethical, and organisa�onal aspects of ECS 35 
implementa�on in MAR, with the aim of suppor�ng consistent, equitable, and informed 36 
reproduc�ve decision-making.   37 

What is known already: ECS allows the iden�fica�on of individuals or couples at risk of 38 
transmi�ng autosomal recessive or X-linked condi�ons and is increasingly used in reproduc�ve 39 
care. However, significant variability exists in panel design, repor�ng, counselling, and clinical 40 
implementa�on, and exis�ng interna�onal guidelines from professional socie�es do not fully 41 
address ECS implementa�on in MAR se�ngs.  42 

Study design, size, dura�on: These recommenda�ons were developed by an ESHRE working 43 
group in accordance with the ESHRE methodology for Good Prac�ce Recommenda�ons.  44 

Par�cipants/materials, se�ng, methods: The working group included mul�disciplinary experts 45 
in reproduc�ve gene�cs, clinical embryology, ethics, and bioinforma�cs supported by 46 
methodological experts. Recommenda�ons were developed based on a structured review of 47 
the literature combined with expert consensus. A stakeholder review was organized following 48 
comple�on of the dra�, and the final version was approved by both the working group, and 49 
the ESHRE Execu�ve Commitee. 50 

Main results and the role of chance: This Good Prac�ce Recommenda�on document provides 51 
recommenda�ons on eligibility and �ming of ECS in MAR, gene panel selec�on and valida�on, 52 
result interpreta�on and repor�ng strategies, gene�c counselling and informed consent, as 53 
well as ethical and technical considera�ons. Emphasis is placed on suppor�ng informed 54 
reproduc�ve choice, equitable access, and integra�on of ECS within exis�ng reproduc�ve care 55 
pathways.  56 

Limita�ons, reasons for cau�on: The recommenda�ons are based on expert consensus 57 
informed by available evidence, which remains heterogeneous and con�nues to evolve. 58 
Differences in healthcare systems, regulatory frameworks, and resource availability may 59 
require local adapta�on.   60 

Wider implica�ons of the findings: These recommenda�ons aim to support harmonisa�on of 61 
ECS prac�ces in MAR, improve clinical consistency, and guide responsible implementa�on 62 
across diverse healthcare se�ngs.  63 

Study funding/compe�ng interest(s): The development of this document was supported by 64 
ESHRE. Working group members did not receive financial compensa�on. DB is an employee of 65 
Juno Gene�cs. EC reports research grant(s) from Celvia CC AS. SV reports consul�ng fees for 66 
Jus�ce Law Collabora�ve LLC. AC is a former employee of Juno Gene�cs. The other authors 67 
disclosed no conflicts of interest. 68 



3 
 

Good Prac�ce Recs on ECS 

Disclaimer 69 
This Good Prac�ce Recommenda�on (GPR) document represents the consensus views of the 70 
members of this working group based on the scien�fic evidence available at the �me of the 71 
mee�ng. GPRs should be used for informa�on and educa�onal purposes. They should not be 72 
interpreted as se�ng a standard of care or be deemed inclusive of all proper methods of care 73 
or be exclusive of other methods of care reasonably directed to obtaining the same results. 74 
They do not replace the need for applica�on of clinical judgement to each individual 75 
presenta�on, or varia�ons based on locality and facility type. 76 

Keywords 77 
ESHRE, guideline, good prac�ce, Expanded carrier screening; ECS; medically assisted 78 
reproduc�on; MAR; gene�c counselling; reproduc�ve gene�cs; gene panel design; variant 79 
interpreta�on; laboratory methods; analy�cal validity; gamete dona�on; informed consent; 80 
clinical implementa�on. 81 

Introduc�on 82 
Expanded Carrier Screening (ECS) for reproduc�ve purposes, also known as Reproduc�ve 83 
Gene�c Carrier Screening, is a gene�c tes�ng strategy intended to iden�fy individuals or 84 
couples who carry pathogenic/likely pathogenic variants (P/LP) in genes associated with 85 
autosomal recessive (AR) or X-linked recessive (XLR) condi�ons, with the primary aim of 86 
enabling informed reproduc�ve decision-making. Ancestry-based carrier screening programs 87 
first emerged in the 1970s, driven by popula�on-specific founder effects leading to increased 88 
risk of par�cular disorders in defined popula�ons; a notable example is the Ashkenazi Jewish 89 
community, where a high carrier frequency for Tay-Sachs disease prompted widespread 90 
screening ini�a�ves that led to a significant decline in disease incidence (King and Klugman, 91 
2018), while similar ancestry-based ini�a�ves were introduced in Europe — for instance in 92 
Cyprus, where β-thalassemia screening programs launched in the 1970s led to a substan�al 93 
and sustained decline in births of children with β-thalassemia major (Bajaj and Gross, 2014, 94 
Cousens et al., 2010). However, such targeted popula�on-screening strategies are inherently 95 
limited, as they usually inform only on risk for the most common gene�c condi�ons within a 96 
popula�on and fail to iden�fy at risk couples (ARCs) for other poten�al disorders, including 97 
those that are rarer within the predefined popula�on or geographic group.  98 

Over the past decade, advances in genomic technologies — par�cularly high-throughput 99 
sequencing (HTS, also referred to as next-genera�on sequencing, NGS) — have enabled the 100 
development of mul�plexed, cost-efficient panels capable of screening hundreds of genes 101 
simultaneously (Lazarin and Haque, 2016), shi�ing the field toward a universal, pan-ethnic, 102 
popula�on-based model that iden�fies ARCs regardless of ancestry or family history. This pan-103 
ethnic approach addresses increasing popula�on diversity and the limita�ons of self-reported 104 
ancestry, thereby improving detec�on accuracy, promo�ng health equity, and expanding 105 
clinical applicability (ACOG, 2017a, Gregg et al., 2021, Vendrell et al., 2025). ECS is now 106 
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progressively adopted in medically assisted reproduc�on (MAR), including gamete dona�on, 107 
reflec�ng increasing recogni�on of its clinical u�lity in iden�fying ARCs and informing 108 
reproduc�ve decision-making before concep�on, and underscoring its value as a proac�ve tool 109 
for preven�ng the transmission of severe monogenic disorders while suppor�ng pa�ent 110 
autonomy through informed choice.  111 

Recent large-scale ini�a�ves and pilot programs have firmly established the clinical u�lity and 112 
opera�onal feasibility of ECS: the Australian Mackenzie's Mission project demonstrated that a 113 
coordinated, couple-based screening model for hundreds of severe gene�c condi�ons can be 114 
successfully implemented at a na�onal scale (Kirk et al., 2024), complemen�ng earlier findings 115 
by Johansen Taber et al. (2019) which underscore the high degree of ac�onability inherent in 116 
ECS results for ARCs iden�fied prior to concep�on (Johansen Taber et al., 2019). European 117 
implementa�on studies have further confirmed that diverse delivery models are both feasible 118 
and highly acceptable to the public, with the Groningen pilot study successfully u�lising trained 119 
general prac��oners to offer screening (Schuurmans et al., 2019), and the Amsterdam UMC 120 
study demonstra�ng that university hospital-based programs facilitate high levels of informed 121 
choice and pa�ent sa�sfac�on (van Dijke et al., 2021).  122 

Despite these recognised benefits and the recommenda�ons of mul�ple published scien�fic 123 
and professional socie�es regarding ECS usage (ACOG, 2017a, ACOG, 2017b, Health Council of 124 
the Netherlands, 2023, RANZCOG Genomics Advisory Working Group & Women's Health 125 
Commitee, 2024, Aul et al., 2025, Capalbo et al., 2022, Edwards et al., 2015, Gregg et al., 2021, 126 
Guha et al., 2024, Henneman et al., 2016, Sagaser et al., 2023, Vendrell et al., 2025), significant 127 
heterogeneity persists in clinical prac�ce globally. Regional varia�on remains pronounced: for 128 
example, the Japan Society of Human Gene�cs (JSHG) restricts carrier tes�ng to individuals 129 
with a known family history of a specific gene�c disorder, and the 2023 Human Gene�cs 130 
Society of Australasia (HGSA) posi�on statement focuses exclusively on cascade tes�ng in 131 
rela�ves of affected individuals without addressing popula�on-based or reproduc�ve carrier 132 
screening (Vears et al., 2023), highligh�ng that clinical endorsement of universal, popula�on-133 
based ECS is not yet uniform across regions. The main gaps across exis�ng guidelines are 134 
highlighted in Table 1 and concern the variability in defining the target popula�on and �ming 135 
of screening; lack of consensus on gene panel development, valida�on, and variant repor�ng 136 
— par�cularly regarding variants of uncertain significance (VUS) and residual risk; inconsistent 137 
requirements for informed consent and counselling; variable approaches to partner tes�ng, 138 
recontact, and follow-up responsibili�es; and uneven standards for quality, accredita�on, and 139 
equity. At a technical level, a recent analysis of 22 ECS panels comprising 2,205 unique genes 140 
revealed that the number of genes included in individual panels ranged from 44 to 2,054, with 141 
only 15 genes (0.7%) shared across all panels, and considerable varia�on in cost, with no 142 
significant correla�on between panel price and gene count (Wang et al., 2023); furthermore, 143 
the limited representa�on of many popula�ons in genomic databases con�nues to affect the 144 
accuracy and equity of tes�ng outcomes.  145 
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These clinical and technical limita�ons are especially consequen�al in MAR, where treatment 146 
decisions are �me-sensi�ve and donor programs require clear, standardised pathways. A 147 
recent ESHG–ESHRE-led survey on the prac�ce of ECS in MAR confirmed considerable 148 
variability amongst centres, with the primary reason for non-implementa�on being the 149 
absence of professional recommenda�ons suppor�ng its use (Capalbo et al., 2024), 150 
emphasising the urgent need for evidence-based guidelines to ensure consistent, equitable, 151 
and ethically sound ECS delivery.  152 

No interna�onal guideline currently addresses the complete framework of ECS specifically 153 
within the MAR se�ng and gamete dona�on. The present document therefore aims to 154 
establish Good Prac�ce Recommenda�ons (GPRs) covering: (1) clinical implementa�on and 155 
management pathways; (2) gene�c counselling requirements including pre- and post-test 156 
protocols and informed consent; (3) ethical and legal frameworks addressing equity of access, 157 
data privacy, and repor�ng thresholds; (4) technical considera�ons including panel design, 158 
analy�c and clinical validity, and variant interpreta�on; and (5) future research priori�es — to 159 
promote standardised, ethical, and effec�ve ECS implementa�on in MAR prac�ce that can 160 
meaningfully support informed reproduc�ve decision-making.  161 

At a broader level, system-level barriers towards implementa�on - including unequal access, 162 
limited counselling/laboratory capacity, and differences in funding, regula�on, and 163 
professional training - lie largely outside what professional guidance can address.164 

Mendelian disorders primarily result from mutations in a single gene (monogenic) and typically exhibit either 
recessive or dominant inheritance paterns. Autosomal recessive disorders include a wide variety of condi�ons, 
collec�vely represen�ng a significant por�on of single-gene disease burden, with an estimated prevalence of 
approximately 2.7 per 1,000 live births (Xiao and Lauschke, 2021), making them more common than individual 
chromosomal conditions such as Down syndrome (approximately 1 per 1,000 live births) (WHO, 2021). Since 
carriers of most autosomal and X-linked recessive conditions are typically asymptomatic, most couples remain 
unaware of their poten�al risk of having an affected offspring. A recent study es�mated that approximately 4% 
of couples are at risk of having a child with a recessive gene�c disorder (Lee et al., 2025a), with 2% being of 
high severity and life-threatening. Moreover, the vast majority of these children diagnosed with a recessive 
genetic condition do not have a prior family history of the disease (Lazarin et al., 2014). This underscores the 
limita�ons of relying solely on family history to assess gene�c risk in couples planning a pregnancy. 

 

Box 1. Background 
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Table 1. Overview of professional society recommendations on carrier screening and ECS. 165 

Issuing body 
(reference) 

Popula�on Timing Condi�ons Repor�ng Consent Counselling Partner Tes�ng Quality & Notes 

EUROPE 

ESHG  
(Henneman et 
al., 2016) 

Individuals or 
couples  

Preconcep�o
n preferred 

Severe childhood-onset disorders; 
proven clinical validity; no panel 
defined.  
 

Only clinically 
significant 
variants reported; 
Reports must 
address residual 
risk 

Generic model 
proposed to manage 
“informa�on 
overload”-it requires 
evalua�on; pre-test 
informa�on 
mandatory with 
sufficient �me to 
decide. Consent must 
ensure informed and 
voluntary 
par�cipa�on.  

Generic pre-test informa�on 
for all (through electronic 
communica�on); individual 
pre-test counselling available 
on request; post-test 
counselling offered/strongly 
recommended for carrier 
couples. Counselling to 
include discussion on residual 
risk, test limita�ons and 
implica�ons for rela�ves 

All approaches 
discussed 
(simultaneous/sequen
�al, individual/couple-
based), no fixed 
recommenda�on. 
Notes that couple-
based disclosure 
reduces anxiety 

Tes�ng in accredited 
laboratories; framework 
emphasizes reproduc�ve 
autonomy, informed choice, 
governance, equity, evidence 
base; par�cipa�on in carrier 
screening is voluntary; calls for 
professional training, 
government oversight, and 
equitable access.  ECS success 
should be measured by the 
quality of informed choice/ 
reproduc�ve autonomy rather 
than a reduc�on in the birth 
prevalence of affected children 

SIGU  
(Capalbo et 
al., 2022) 

Reproduc�ve-age 
couples (natural or 
MAR); 
consanguinity; 
gamete dona�on   

Preconcep�o
n preferred; 
≤12 weeks 
acceptable 

Panel: Severe/early-onset with 
well-defined phenotype; 
unfavourable effect on the 
quality/dura�on of life, causa�ve of 
"physical and/or cogni�ve 
impairment" and require "medical 
and/or surgical interven�on, 
diagnos�c procedure or PGT 
available; no fixed list.  

Report P/LP only. 
VUS should not be 
reported; include 
residual risk in 
report 

Consent mandatory 
(template provided). 
State that screening is 
voluntary and that 
residual risk remains. 

Pre- and post-test essen�al; 
interpreta�on guidance 
required. 

Simultaneous 
preferred (especially 
in pregnancy), 
sequen�al acceptable. 

Preclinical valida�on and 
quality criteria required; 
equitable access, inclusivity 
and cost-effec�veness 
emphasized. NGS 
recommended; ancillary 
tes�ng (e.g. MLPA) mandatory 
for complex genes (SMA, 
Fragile X) 

Health Council 
of the 
Netherlands 
(2023) 

All prospec�ve 
parents in the 
Netherlands 
(popula�on-wide/ 
universal offer) 

Preconcep�o
n 

Strictly targets severe hereditary 
disorders; explicitly must not target 
increasingly milder disorders to 
prevent 'designer babies'. 

Findings with 
certain clinical 
relevance 

Voluntary 
par�cipa�on; 
informed consent 
central. Prospec�ve 
parents completely 
free not to 
par�cipate. 

Pre-test educa�on and 
counselling essen�al. 

Couple-based risk 
assessment preferred 
(pilot model) 

Advisory Report: Primary 
objec�ve is to enhance 
reproduc�ve autonomy. 
Advises government to launch 
a large-scale scien�fic pilot for 
universal ECS, to evaluate 
effec�veness, feasibility, 
equitable access, and 
psychological impact of a 
popula�on-wide offer. 

AEGH, AEDP, 
ASEBIR, 
SEAGAN, SEF 
and SEGCD 
(Spanish 
socie�es) 
(Vendrell et 
al., 2025) 

General 
popula�on; 
reproduc�ve age 

Preconcep�o
n preferred 

Severe, early-onset condi�ons with 
well-defined phenotypes; dis�nct 
from "mild" or adult-onset 
disorders. Recommends a basic 
panel (CFTR, SMN1, GJB2, 
hemoglobinopathies, and FMR1 in 
women) as well as extended GCS 
panels. 

Pathogenic/Likely 
Pathogenic (P/LP) 
only. Incidental 
findings can occur 
and must be 
discussed. 

Informed consent 
essen�al; Must 
explicitly cover the 
voluntary nature of 
screening, residual 
risks, and poten�al 
for incidental findings. 

Mandatory, exhaus�ve pre-
test and post-test gene�c 
counselling required. 

Couple-based results 
repor�ng is preferable 

Recommends shi�ing from 
ethnicity-based to universal 
pan-ethnic preconcep�on 
screening within the public 
health system. Emphasizes 
equity, reproduc�ve 
autonomy, and the necessity to 
guarantee analy�cal/clinical 
validity and u�lity. 
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NORTH AMERICA 

ACOG (2017a, 
2017b) 
(reaffirmed 
2025) 

All 
pregnant/planning 
pregnancy;  
For Fragile X: 
women with POI or 
elevated FSH <40 
years, relevant 
family history or on 
request 

Preconcep�o
n preferred 

SMA, CF, Hb disorders for all; TSD 
(Ashkenazi/French-
Canadian/Cajun/family history) +13 
Ashkenazi condi�ons; ECS is 
op�onal; enzyme tes�ng 
recommended for high-risk groups 
for Tay-Sachs disease. ECS panel 
≥1/100 (ACOG 690: popula�on not 
specified). Adult-onset condi�ons 
should be excluded 

Iden�fies variants 
associated with a 
diagnosis (P/LP). 
Does not require 
or recommend 
numerical 
residual-risk 
repor�ng but 
residual risk must 
be discussed) 

Informed consent is 
necessary; pre-test 
consent must 
describe the voluntary 
nature of tes�ng, 
condi�on types and 
screening limita�ons. 

Pre-test counselling for all; 
post-test for carrier couples; 
residual risk should be 
explained; If a carrier is 
iden�fied, the reproduc�ve 
partner should be offered 
screening to provide accurate 
gene�c counselling for the 
couple regarding the risk of 
having an affected child. 
Tailored counselling for 
Fragile X intermediate, 
premuta�on, and full-
muta�on results. 

Sequen�al preferred; 
concurrent if �me-
limited 

Analy�cal validity required; 
disclosure to rela�ves 
encouraged; cost and access 
considera�ons noted. ECS is 
op�onal; prenatal screening 
dis�nguished from newborn 
screening. 

ACMG  
(Gregg et al., 
2021, Guha et 
al., 2024) 

Popula�on-neutral; 
all pregnant/ 
planning  

Preconcep�o
n or prenatal 

Tier-based approach. Tier 1: SMA, 
CF; Tier: 2 ≥1/100 severe/moderate 
condi�ons- defined in any U.S. 
subpopula�on, no fixed list; Tier 3 
(recommended standard): ≥1/200 
(list of 97 AR + 16 XLR condi�ons, ); 
Tier 4: <1/200 recommended only 
for consanguinity or family history 
Equity and severity emphasized;  
Offering only Tier 1–2 is 
discouraged 

P/LP only, VUS 
generally not 
reported. May be 
disclosed 
selec�vely. 
Residual risk must 
be discussed; 
numerical 
es�mates o�en 
avoided due to 
imprecision 

Par�cipa�on is 
voluntary. Separate 
consent specifically 
required for repor�ng  
VUS/secondary 
findings.  

Pre- and post- test required. 
For at-risk couples, 
counselling should cover all 
reproduc�ve op�ons 
 

Sequen�al or 
simultaneous during 
preconcep�on;  
 simultaneous 
(concurrent) highly 
recommended during 
an ongoing pregnancy 

Analy�cal validity and ongoing 
cura�on emphasized; equity 
addressed 
2024 Technical Standard 
mandates ancillary 
technologies (e.g., MLPA) or 
validated custom NGS callers 
for technically challenging 
genes (e.g., SMN1, FMR1, GBA, 
CYP21A2). Reproduc�ve 
decision making is the 
established metric for ECS’ 
clinical u�lity. 
 

CCMG (Aul et 
al., 2025) 

All individuals 
considering a 
pregnancy 
(preconcep�on), all 
pregnant 
individuals 
(regardless of 
gesta�onal age), 
and their 
reproduc�ve 
partners 

Preconcep�o
n preferred; 
or as early in 
the 
pregnancy as 
possible 

Pan-ethnic screening for CF, SMA, 
Fragile X, haemoglobinopathies, 
and founder muta�ons for Tay-
Sachs, Canavan, and familial 
dysautonomia. Maintain regional 
ethnicity-based screening (e.g., 
Indigenous, French Canadian).  
  
 

P/LP only for the 
targeted 
condi�ons. Do 
not report VUS 

Offered as an opt-in 
test; an ini�al 
discussion about the 
value and risks of 
screening must be 
offered to all 
individuals to support 
informed decision-
making. 

Pre-test: Must ask about 
family history and refer high-
risk individuals to a Gene�cs 
clinic for counselling. Post-
test: Carrier couples must be 
referred for formal gene�c 
counselling.  
Focus on informed decision-
making. 

For limited panel: 
sequen�al 
preconcep�onally; 
concurrent in ongoing 
pregnancy to expedite 
results. 

Re�res the 2016 ethnicity-
based guideline. Supports 
equity via a targeted pan-
ethnic panel but cites 
resource/system constraints 
for full ECS. Explicitly requires 
the development of 
coordinated 
provincial/territorial programs 
for oversight, educa�on, and 
implementa�on. Publicly 
funded ECS is not 
recommended. Primary goal: 
to provide informa�on about 
reproduc�ve risk for informed 
decision-making 

NSGC  
(Sagaser et al., 
2023) 

Pregnant/planning 
or biologically 
contribu�ng to 
pregnancy 

Preconcep�o
n preferred 

AR and XLR condi�ons relevant to 
reproduc�ve planning or neonatal 
care no specific clinical criteria or 
�ers. 

Repor�ng guided 
by laboratory 
policy and 
informed consent; 

Essen�al; U�lizes 
"KINDS" elements 
(Knowledge, 
Inheritance, 

Pre- and post-test 
counselling recommended; 
pa�ent-centred and non-
direc�ve approach. 

Simultaneous 
preferred (especially 
in pregnancy) 

Focuses on pa�ent-centred 
communica�on and 
implementa�on; promotes 
equitable access within a 
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VUS not rou�nely 
reported; 
incidental findings 
may occur 

Normaliza�on, 
Discrimina�on, 
Surprise results). 
Must include  
incidental findings,  
VUS and 
reinterpreta�on. 

Electronic communica�on 
suggested as a �me 
management tool to aid the 
offering and delivery of ECS 

reproduc�ve-jus�ce 
framework that priori�ses 
informed choice and inclusion. 
Supports elimina�ng race-
based medical prac�ce. 

AUSTRALASIA 

RANZCOG  
(2024) 

All couples 
intending to have 
children, or who 
are pregnant 
women/ couples  

Preconcep�o
n or 1st 
trimester of 
pregnancy; 
Preconcep�o
n preferred 

Basic screening for thalassaemia 
(via full blood examina�on) 
recommended for all. CF, SMA, 
Fragile X (3-condi�on panel) 
recommended for all; ECS 
acceptable with appropriate 
counselling pathways; with 
addi�onal screening for Ashkenazi 
Jewish (Eastern European) descent. 
Panels should focus on serious, 
early-onset condi�ons that cause 
major diminu�on of quality of life 
and/or reduc�on in lifespan  

Class 4–5 variants 
must be reported, 
VUS should not be 
reported. 

Writen informed 
consent required. 
Must include residual 
risk, chance of being 
affected, out-of-
pocket costs and the 
results become invalid 
if the individuals 
change reproduc�ve 
partners for future 
pregnancies. 

Pre- and post-test essen�al. 
Must begin with taking a 
family history to refer high-
probability individuals 
directly to gene�c services 

Sequen�al (woman 
first) or couple-based 

Laboratories must be 
NATA/IANZ accredited; update 
emphasizes equity and access. 
 Australian Medicare rebate 
applies only within a sequen�al 
screening approach (woman 
tested first). 

ACMG: American College of Medical Genetics and Genomics; ACOG: American College of Obstetricians and Gynaecologists; AEDP: Asociacion Espanola de Diagnostica Prenatal (Spanish association of Prenatal Diagnosis); AEGH: 
Asociación Española de Genética Humana (Spanish Association of Human Genetics); AR: autosomal recessive; ASEBIR: Association for the Study of Reproductive Biology; CCMG: Canadian College of Medical Geneticists; CF: cystic 
fibrosis; ECS: expanded carrier screening; ESHG: European Society of Human Genetics; FMR1: Fragile X messenger ribonucleoprotein 1;  FSH: follicle-stimulating hormone; FXS: Fragile X syndrome; GCS: Genetic carrier screening; IANZ: 
International Accreditation New Zealand; MAR: medically assisted reproduction; MLPA: Multiplex ligation-dependent probe amplification; NATA: National Association of Testing Authorities); NGS: Next-generation sequencing; NSGC: 
National Society of Genetic Counsellors; PGT: preimplantation genetic testing; P/LP: pathogenic/ likely pathogenic; POI: primary ovarian insufficiency, RANZCOG: Royal Australian and New Zealand College of Obstetricians and 
Gynaecologists; SEAGEN: Sociedad Espanola de Asesoramiento Genetico (Spanish Society of Genetic Counselling); SEF: Sociedad Española de Fertilidad (Spanish Fertility Society); SEGCD: Sociedad Espanola de Genetica Clinica y 
Dismorfologia (Spanish Society of clinical genetics and Dysmorphology); SIGU: Italian Society of Human Genetics; SMA: spinal muscular atrophy; SMN1: Survival motor neuron 1; TSD: Tay–Sachs disease; VUS: variant of uncertain 
significance; XLR: X-linked Recessive. 
Where multiple societies contributed to a consensus statement, selected representative societies are listed followed by ‘et al.’ for brevity. 

 166 
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Methodology 167 
The current document was developed according to the manual for development of ESHRE 168 
Good Practice Recommendations (Vermeulen et al., 2019).  169 

A working group (WG) was composed of members of the ESHRE Special Interest Groups (SIG) 170 
Reproductive Genetics, Ethics and Law, and invited experts in the field, ensuring 171 
representation of clinical and laboratory expertise, and geographical balance, supported by 172 
methodological experts (NLC and SM). In the first meetings, the WG reached agreement on a 173 
list of topics to be addressed in this recommendations paper. Data on expanded carrier 174 
screening published were collected from the literature in PubMed/Medline and relevant 175 
papers included in the text. Studies not published in English were excluded. References 176 
retrieved from the literature search were complemented with further key references identified 177 
by the WG members. The recommendations for clinical practice were formulated based on 178 
expert opinion of the WG, taking into consideration the available evidence.  179 

The final draft was made available on the ESHRE website between 14 May and 11 June 2026 180 
for stakeholder review.  181 

An overview table with all abbrevia�on used in this Good Prac�ce Recommenda�ons paper 182 
can be found in Supplementary table S1. An overview of all recommenda�ons formulated by 183 
the ESHRE working group on ECS can be found in Supplementary table S2. Recommenda�ons 184 
for future research can be found in Supplementary table S3. 185 

Results 186 

Clinical implementa�on of ECS in MAR 187 

Indica�ons, �ming and clinical implementa�on of ECS in MAR  188 

The �ming and se�ng in which ECS is offered warrant careful delibera�on, as these factors 189 
significantly influence cost-effec�veness, uptake rates, and the range of reproduc�ve op�ons 190 
available to prospec�ve parents. MAR pa�ents already undergo an intensive medicalised 191 
reproduc�ve process, which may influence the perceived added value of addi�onal tes�ng. It 192 
is also important to emphasise that, while ECS does not influence the clinical success rates of 193 
MAR procedures, it plays a key role in suppor�ng informed reproduc�ve decision-making for 194 
couples and may inform adjustments in their clinical or reproduc�ve management. 195 
Consequently, ECS is increasingly offered as an op�on for all couples undergoing MAR. 196 

ECS can be offered at several life stages such as during the preconcep�on period, or prenatally 197 
(Rowe and Wright, 2020). One of the main challenges of offering ECS at the preconcep�on 198 
stage is the difficulty of reaching the general popula�on, due to the current lack of a dedicated 199 
preconcep�on care infrastructure. In contrast, pa�ents undergoing MAR represent a readily 200 
accessible and par�cularly appropriate popula�on for ECS. In the context of MAR, the 201 
preconcep�on period is generally considered the most suitable �me for offering ECS, as it 202 
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maximizes the reproduc�ve choices available to couples, thereby suppor�ng truly informed 203 
decision-making (Henneman et al., 2016).  204 

There are two different approaches with regards to offering ECS to couples: simultaneous 205 
(parallel) screening and sequen�al screening. Each strategy presents dis�nct advantages and 206 
limita�ons in terms of cost, emo�onal impact, logis�cs, and the impact on reproduc�ve 207 
decision-making. 208 

In the simultaneous screening approach, both partners are tested at the same �me, providing 209 
a comprehensive risk assessment. By iden�fying the carrier status of both individuals 210 
concurrently, clinicians can immediately evaluate the couple’s risk. This facilitates �mely 211 
reproduc�ve decision-making and avoidance of delays in fer�lity treatment—an important 212 
factor for pa�ents undergoing MAR, as one of the key reasons couples decline ECS is concern 213 
over treatment delays (Frank et al., 2025). 214 

Nonetheless, simultaneous screening is not without challenges. The primary drawback is 215 
increased upfront cost in addi�on to receiving poten�ally complex gene�c informa�on for both 216 
partners at once leading to emo�onal distress or confusion (Frank et al., 2025). 217 

Sequen�al screening, in contrast, involves tes�ng one partner first—and only proceeding to 218 
test the second partner if the first is found to be a carrier of a condi�on included in the 219 
screening panel. However, wai�ng for the results of the first test before ini�a�ng tes�ng of the 220 
second partner can slow down reproduc�ve planning. Moreover, if the second partner is never 221 
tested—whether due to oversight or other challenges, the couple’s reproduc�ve risk may 222 
remain incompletely assessed, undermining the goals of ECS.  223 

The evidence increasingly supports simultaneous screening as the preferred approach (Kirk et 224 
al., 2024). It maximises the clinical u�lity of ECS by allowing for immediate risk assessment and 225 
early interven�on and helps avoid addi�onal delays.  226 

In addi�on to offering ECS to couples, the test is increasingly offered to gamete donors in the 227 
context of MAR. Many gamete banks, par�cularly in Europe and the United States, rou�nely 228 
perform ECS on all prospec�ve donors. Nevertheless, the introduc�on of ECS in this se�ng 229 
must be accompanied by safeguards to mi�gate poten�al drawbacks. These might include the 230 
provision of thorough gene�c counselling and the restric�on of ECS panels to well-231 
characterised, severe, recessive condi�ons with appreciable carrier frequencies (Dondorp et 232 
al., 2014). The long-term implica�ons for the donor-conceived child, as well as for the donor, 233 
should also be considered. 234 

Recommenda�ons 235 

All individuals undergoing MAR, including gamete donors, are eligible for ECS. 
The preconcep�on period is the preferred �ming for ECS in MAR to maximise clinical and 
reproduc�ve benefit. 
It is recommended to do simultaneous tes�ng of both partners.  
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 236 

Choosing the appropriate gene panel  237 

When offering ECS in MAR se�ngs, it is important to select a test that is evidence-based, 238 
aligned with professional society guidelines, and clinically meaningful. ECS should help iden�fy 239 
couples or gamete donors at risk of transmi�ng serious inherited condi�ons, while avoiding 240 
unnecessary tes�ng or ambiguous results (Henneman et al., 2016). The size and scope of the 241 
ECS panel should be appropriate for the target popula�on and clinical context. ECS panel 242 
design should also consider ethnic and popula�on-specific prevalence of gene�c disorders, 243 
ensuring that condi�ons with meaningful carrier frequencies in the target popula�on are 244 
included. This approach maximises clinical u�lity and detec�on yield while avoiding 245 
unnecessary expansion to ultra-rare or poorly characterised disorders that lack clear or 246 
established clinical significance, which may otherwise increase uncertainty in interpreta�on 247 
and counselling burden. 248 

However, broader panels that include rarer condi�ons may be appropriate in selected 249 
contexts. For example, in consanguineous couples, where the likelihood of shared rare 250 
recessive variants is increased, the inclusion of less common but clinically relevant disorders 251 
can improve diagnos�c sensi�vity and reproduc�ve risk assessment. In such scenarios, the 252 
poten�al benefits of expanded screening may outweigh the limita�ons associated with lower-253 
prevalence condi�ons, par�cularly when supported by robust gene–disease associa�ons and 254 
clear phenotypic relevance.  255 

ECS should focus on both AR and XLR, serious, congenital and childhood-onset diseases 256 
(Henneman et al., 2016). While it is difficult to agree on an opera�onal defini�on, general 257 
criteria for seriousness typically include factors like reduced life expectancy, intellectual or 258 
mobility impairments, adverse impacts on func�oning, frequent hospitalisa�on, and reduced 259 
quality of life. In this respect, it is essen�al to consider the exper�se of gene�c and paediatric 260 
professionals, as well as the lived experience of affected families, when deciding on and 261 
upda�ng the screening panel (Kleiderman et al., 2025).  262 

 It is important to recognise two addi�onal points in gene panel selec�on: (i) condi�ons 263 
included in newborn screening programs may also be appropriate for inclusion in ECS panels, 264 
as the two serve dis�nct but complementary purposes; and (ii) ECS panel design should not be 265 
restricted to condi�ons eligible for preimplanta�on gene�c tes�ng for monogenic disease 266 
(PGT-M), as broader panels may support informed reproduc�ve choices through alterna�ve 267 
op�ons. This is par�cularly relevant in light of the considerable varia�on in policies and 268 
regula�ons governing NBS and PGT-M across countries. 269 

The tes�ng pla�orm must be analy�cally validated to ensure high accuracy in variant detec�on, 270 
including single-nucleo�de variants, small inser�ons/dele�ons, and relevant copy number 271 
changes. The tes�ng laboratory should hold appropriate accredita�on (e.g., ISO, CLIA, CAP) and 272 
maintain robust quality assurance processes. Moreover, the lab should have a clear, 273 
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documented framework for how panels are designed, curated, and updated, with defined 274 
criteria for gene and variant inclusion based on clinical evidence (more detailed informa�on is 275 
described in the technical sec�on). Reports should be clear, focus on clinically ac�onable 276 
findings, and include only pathogenic and likely pathogenic variants, with appropriate guidance 277 
for follow-up where relevant. This ensures that both clinicians and pa�ents can accurately 278 
understand the implica�ons of the results and make informed decisions (Richards et al., 2015). 279 

Recommenda�ons 280 

ECS panels developed through transparent, evidence-based processes aligned with 
professional society guidelines should be selected. 
Serious, early-onset, and clinically well-defined AR and XLR disorders with clear genotype-
phenotype correla�ons should be priori�sed.  
Panel inclusion should not be restricted to condi�ons currently eligible for PGT-M or listed 
in na�onal pre-approved gene lists, provided they meet established clinical validity and 
severity criteria. 
Condi�ons included in newborn screening programs should be considered for inclusion 
when they provide clear reproduc�ve benefit. 
Gene panels should undergo periodic re-evalua�on to incorporate newly validated gene–
disease associa�ons, improved variant annota�on, and refined severity frameworks. 
Clear documenta�on should be available on the methodologies used to define gene-panel 
content, and repor�ng policies. 
ECS test should be analy�cally validated, performed in an accredited laboratory, and 
accompanied by clear and clinically interpretable reports. 
Repor�ng should be limited to pathogenic and likely pathogenic variants.  

 281 

Interpreta�on and repor�ng of results  282 

Strategies for reporting of ECS results 283 

Autologous cycles 284 

In the context of autologous MAR, and assuming tes�ng was performed simultaneously, ECS 285 
results may be reported individually to each member of the couple (individual repor�ng) or a 286 
combined report as a couple (couple-based repor�ng). 287 

In individual repor�ng, each member of the couple receives their personal report. This 288 
approach offers the advantage for each partner to know their carrier status, enhancing their 289 
present and future reproduc�ve autonomy and allowing family cascade tes�ng in case of a 290 
posi�ve result. However, individual approaches are costly, especially due to the need for more 291 
extensive post-test counselling. It may also heighten anxiety through the disclosure of findings 292 
with limited reproduc�ve relevance, uncertainty, and delays for couples undergoing an already 293 
stressful procedure, as it increases the likelihood of requiring addressing the condi�ons each 294 
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partner may carry. Moreover, individual repor�ng requires an expert interpreta�on of both 295 
reports to ensure any reproduc�ve risk for the couple has been iden�fied.  296 

In couple-based repor�ng, in contrast, a single report is provided, which only includes an 297 
evalua�on of the couple’s reproduc�ve risk(s) (high reproduc�ve risk vs. low reproduc�ve risk) 298 
without disclosing the pathogenic variants carried by each individual. Couple-based repor�ng 299 
is therefore more meaningful, as it is more closely aligned with the primary aim of ECS: to 300 
iden�fy only those couples at significant risk of having an affected child—namely, carrier 301 
couples (for AR disorders) and female heterozygous carriers (for XLR disorders) (de Wert et al., 302 
2021). However, this couple-based approach also carries its own limita�ons. First, individuals 303 
have the legal right to request their individual report, which may result in an unnecessary 304 
increase in costs, as separate interpreta�on and repor�ng are required in addi�on to the 305 
couple-based assessment, thereby duplica�ng clinical efforts (Plan�nga et al., 2019, Van 306 
Steijvoort et al., 2020). Moreover, the iden�fica�on of an incidental finding (IF, see sec�on 307 
“Incidental and secondary findings”) may require disclosure of individual results if clinically 308 
significant. In addi�on to the previous limita�ons, couples later requiring gamete dona�on or 309 
individuals returning in the future with new partners may also require new reports, or in some 310 
cases, being retested.  311 

Irrespec�ve of the repor�ng model used, individuals should retain the right to access their 312 
personal gene�c informa�on. Access to these findings within a structured framework supports 313 
the preven�ve nature of screening and may inform future healthcare decisions. Where 314 
possible, individual repor�ng should be favoured as it enables pa�ent autonomy and enables 315 
family cascading, which becomes fundamental for frequent disorders. However, both 316 
repor�ng strategies are acceptable, if clearly detailed during informed consent and if pa�ents 317 
are given the op�on to opt-in and opt-out of individual reports. The priori�sa�on of one 318 
repor�ng strategy over the other needs to be assessed based on the availability of resources 319 
(reproduc�ve op�ons, gene�c counselling, size of the panel, etc.) and local regula�ons.  320 

Dona�on cycles 321 

In gamete dona�on, for similar reasons outlined above, two strategies exist: i) providing the 322 
recipient with both their individual report and a gene�c matching report, or ii) providing only 323 
a gene�c matching report. In this context, some clinics adopt the later approach, as disclosure 324 
of the recipient’s individual results is not considered necessary for clinical decision-making. 325 
Opera�onally, this can be implemented by issuing a gene�c matching report to the recipient 326 
that classifies reproduc�ve risk, based on the recipient’s ECS results, as low when an 327 
appropriate donor (e.g. not a carrier of gene�c variants in the same genes iden�fied in the 328 
recipient) has been assigned. 329 

It should be noted that the increasing number of ECS panels that are available, as well as the 330 
marked heterogeneity amongst them (gene inclusion criteria, number of genes, variant 331 
repor�ng policies, etc), may pose an obstacle in combining individuals and gamete donors that 332 
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have been tested with different ECS panels. An alterna�ve strategy is a stepwise or reflex 333 
tes�ng approach (increasingly referred to as “match tes�ng"), in which ECS is first performed 334 
in one member of the pair (recipient or donor), and the counterpart is subsequently tested 335 
only for the genes or variants iden�fied in the index individual, enabling assessment of shared 336 
carrier status while avoiding redundant full-panel tes�ng. However, when considering gamete 337 
donors, it would be appropriate, respec�ng their autonomy, to offer them the op�on to receive 338 
their individual results, following adequate gene�c counselling about the scope and 339 
implica�ons of tes�ng, possible results and poten�al implica�ons. Moreover, if addi�onal 340 
genes may be tested for matching purposes, this should be clearly explained on the consent 341 
form, and donors should be given the opportunity to opt-out from this prac�ce and to indicate 342 
whether they wish to be recontacted if any relevant addi�onal findings are iden�fied. ECS for 343 
gamete donors should, equally to recipients, be always accompanied by adequate gene�c 344 
counselling.  345 

Incidental and secondary findings 346 

In the context of high-throughput sequencing technologies, incidental findings (IFs) and 347 
secondary findings (SFs) refer to results that are unrelated to the primary indica�on for the 348 
test. The main difference between these two is that IFs are discovered unexpectedly within the 349 
scope of the test (for example, an individual may be iden�fied as a carrier of a pathogenic 350 
variant in ATM, which is associated with ataxia-telangiectasia when biallelic variants are 351 
present, and with an increased risk of hereditary cancer predisposi�on, par�cularly breast 352 
cancer, in heterozygous carriers.), while SFs are ac�vely and deliberately looked for during the 353 
analysis as they are considered medically ac�onable (Lee et al., 2025b, Ormond et al., 2019) 354 
even though they are outside of the scope of the test (for example, ac�vely analysing clinically 355 
relevant variants in autosomal dominant genes associated with hypertrophic cardiomyopathy, 356 
as they are clinically ac�onable). The American College of Medical Gene�cs and Genomics 357 
(ACMG) has elaborated a list of condi�ons they consider medically ac�onable and hence 358 
poten�ally reportable. In addi�on, most secondary findings are autosomal dominant, not 359 
recessive or X-linked (Lee et al., 2025b).  360 

Considering that ECS is commonly performed on HTS panels or even whole exome sequencing 361 
(WES) panels, both SFs and IFs may occur. IFs in ECS can happen in the following scenarios:  362 

1) Variants in apparent homozygosis or compound heterozygosis (leading to an 363 
unexpected diagnosis). This can be explained by variants in genes with marked 364 
incomplete penetrance, variable expressivity or late-onset of symptoms.  365 
2) Genes with bimodal inheritance (some variants may also act as autosomal 366 
dominant).  367 
3) XLR genes in which female heterozygotes may develop some symptoms. 368 
4) Microdele�ons or microduplica�ons of several genes that may suggest a larger copy-369 
number varia�on.  370 
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If the methodology of the ECS may lead to some IFs, this should clearly be specified on the 371 
informed consent form. Ideally, pa�ents should be given the opportunity to opt out of IFs. 372 
When an IF is iden�fied and reported, post-test gene�c counselling should always be offered 373 
to explain the poten�al implica�ons and refer to other specialists if necessary.  374 

The inclusion of SFs in ECS is outside the scope of this GPR document (see sec�on ‘Future 375 
perspec�ves’). 376 

Interpretation of ECS results 377 

As the objec�ve of ECS is iden�fying reproduc�ve risks to enable reproduc�ve decision-making, 378 
interpreta�on of its results will depend on the context it is being applied. 379 

In autologous cycles, the result from both couple members needs to be taken into account. 380 
Two situa�ons should be considered as high risk: firstly, if both couple members are iden�fied 381 
as carriers of clinically relevant variants in the same AR gene (or two different genes that are 382 
known to be inherited following a digenic patern) and secondly if the female partner is 383 
iden�fied as a carrier of an XLR disorder. Any other result (both nega�ve, one posi�ve and the 384 
other nega�ve, or both posi�ve but for different genes) will be considered as low-risk results.  385 
In gamete dona�on cycles, performing a “gene�c matching” between pa�ent and donor is a 386 
possibility. This implies assigning a donor that does not carry the P/LP variants in the genes for 387 
which a pa�ent is iden�fied as a carrier. It should also be noted that egg donors iden�fied as 388 
carriers of P/LP variants in X-linked genes should be considered ineligible for dona�on. 389 

ECS has several limita�ons (see sec�on “Pre-test gene�c counselling”). For this reason, a 390 
nega�ve result is considered a “low-risk result”, not a “no-risk result”. The chance of having 391 
affected offspring a�er ECS (even for a disorder included in the test) is referred to as residual 392 
risk. Residual risks for specific genes/disorders are complex to quan�fy, and hence repor�ng 393 
individual residual risk is non-informa�ve. Pa�ents should be informed about ECS and residual 394 
risks during pre-test and post-test counselling. Any result combina�on that may lead to an 395 
increased residual risk should be communicated to the pa�ents through adequate gene�c 396 
counselling.  397 

Recommenda�ons 398 

Two ECS repor�ng models can be considered: 
1. Individual repor�ng: each individual receives their own ECS report, with results 
interpreted in the context of the specific couple. 
2. Combined repor�ng: a combined report assessing the reproduc�ve risk is provided 
(couple report in autologous cycles or gene�c matching report in gamete dona�on 
cycles). 

The choice of repor�ng strategy should be guided by available resources and local 
regula�ons during gene�c counselling. 
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Individuals should retain the right to access their personal gene�c informa�on, regardless 
of the repor�ng model used.  
All tested individuals, including donors, should have the opportunity to opt in or opt out of 
receiving individual-level results. 
ECS may reveal incidental findings; this must be disclosed in the consent and individuals 
should have the op�on to opt out of receiving such findings. 
Interpreta�on of ECS results should be seen in a binary high vs low risk fashion. 
When panels differ between partners/donor–recipient, an alterna�ve is performing reflex 
tes�ng (“match tes�ng”), in which ECS is first performed in one partner, and the 
counterpart is subsequently tested only for the genes or variants iden�fied. 

 399 

Gene�c counselling and informed consent 400 
The American Na�onal Society of Gene�c Counsellors defines the concept of “gene�c 401 
counselling” as “the process of helping people understand and adapt to the medical, 402 
psychological and familial implications of genetic contributions to disease. This process 403 
integrates the following: i) Interpretation of family and medical histories to assess the chance 404 
of disease occurrence or recurrence; ii) education about inheritance, testing, management, 405 
prevention, resources and research; and iii) counselling to promote informed choices and 406 
adaptation to the risk or condition” (Resta et al., 2006).  407 

In other words, gene�c counselling can be defined as the communica�on process to support 408 
and guide individuals and/or families in naviga�ng autonomous decision-making when facing 409 
gene�c tes�ng and/or a gene�c diagnosis (Aus�n et al., 2014, Patch and Middleton, 2018).  410 

Gene�c counselling should be emphasised as a key requirement for any pa�ent or couple 411 
considering performing ECS, considering its nature (screening test, being a risk-iden�fica�on 412 
tool), implica�ons (both reproduc�ve and familial) and limita�ons. Gene�c counselling should 413 
ideally be offered both before and a�er performing ECS. These two sessions are usually 414 
referred to as pre-test and post-test gene�c counselling (Fonda Allen et al., 2016, Riley et al., 415 
2012).  416 

Pre-test gene�c counselling 417 

Pre-test counselling should cover several aspects in order to support the pa�ents’ decision -418 
making and to guarantee their autonomy regarding gene�c tes�ng. First, it should be made 419 
clear to pa�ents that ECS is op�onal, and pa�ents are free to decline tes�ng. In the case of 420 
donors undergoing ECS, it should be made clear that gene�c tes�ng is part of the pre-421 
requirements to become a donor. Basic educa�on on gene�c concepts (such as AR and XLR 422 
inheritance paterns) should be provided. The scope and limita�ons (Table 2) of ECS should be 423 
discussed in depth, making sure any misconcep�ons or false expecta�ons are properly 424 
disproven. Considering the inherited nature of the condi�ons included in ECS, pa�ents should 425 
be aware that their findings may be significant for their direct rela�ves, especially for those 426 
condi�ons with higher prevalence in the general popula�on.   427 
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Table 2. Key limitations of expanded carrier screening and their implications for clinical interpretation (ACOG, 2017a, Belnap 428 
et al., 2025, Gregg et al., 2021, Veneruso et al., 2022): 429 

Limitation Impact on ECS Reference(s) 
Scope of 
conditions 
assessed 

Not all gene�c and hereditary disorders will be tested (only selected known 
AR and XLR condi�ons). Therefore, condi�ons that do not follow these 
inheritance paterns will not be included (e.g., autosomal dominant, 
mitochondrial, polygenic, mul�factorial, amongst others). 

 

Panel 
composition 
and selection 
criteria 

Currently, thousands of AR and XLR condi�ons are known. However, most 
ECS panels are designed to only include a selec�on of disorders o�en based 
on clinical considera�ons such as age of onset, severity, prevalence and 
penetrance. 

(Balzotti et al., 
2020, Goldberg et 
al., 2023, 
Henneman et al., 
2016). 

Variant 
interpretation 
and reporting 

Most laboratories will only report variants with well-established 
pathogenicity. Variant classifica�on evolves as scien�fic knowledge 
develops, therefore the interpreta�on of a specific variant, and hence the 
result of a specific ECS, may change over �me.  

(Richards et al., 
2015) 

De novo 
mutations 

Spontaneous (de novo) muta�ons cannot be detected and therefore are 
out of the scope of ECS. 

 

Technical 
limitations 

Some technical limita�ons exist even for those genes and variants that are 
included in the assay (such as regions of high genomic homology, variants 
with low-coverage (no calls) or CNVs or complex rearrangements). 

 

Biological 
limitations 

Some biological phenomena may limit the gene�c analysis, like mosaicism 
or chimerism. 

 

 430 

Pa�ents should understand that ECS is a screening test, designed to iden�fy reproduc�ve risk, 431 
allowing them to make reproduc�ve decisions upon it. While ECS is deemed useful in 432 
iden�fying and mi�ga�ng such risks, by facilita�ng risk reduc�on for the tested disorders, it 433 
does not completely eliminate the risk of having children with a gene�c disorder (Haque et al., 434 
2016, Nussbaum et al., 2021).  435 

Addi�onally, pa�ents should also be made aware that the carrier status for most AR and XLR 436 
condi�ons does not imply any health burden to the individual. However, some excep�ons may 437 
exist, as previously described in the sec�on ‘Incidental findings’. If IFs may occur in a specific 438 
ECS panel, this should largely be addressed in the pre-test gene�c counselling session (Vendrell 439 
et al., 2025). Another aim of pre-test counselling should be an�cipa�ng possible results and 440 
poten�al ac�onability of findings (for example, the possibility of PGT-M if a risk is iden�fied) 441 
(Gregg et al., 2021). When pre-test counselling is adequately performed, it ensures the 442 
autonomy of the pa�ents on whether to perform the gene�c test and helps in mi�ga�ng the 443 
psychological impact of all possible results (Culver et al., 2024).  444 

In sequen�al tes�ng strategies, informed consent should ideally be obtained from both 445 
members of the couple at the outset, including agreement to reflex tes�ng of the second 446 
partner if pathogenic or likely pathogenic variants are iden�fied in the first individual. If the 447 
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second partner subsequently declines tes�ng, reproduc�ve risk assessment may remain 448 
incomplete, and counselling should focus on residual risk and available reproduc�ve op�ons. 449 

The decision to proceed with carrier screening should be guided by a shared decision-making 450 
process that considers each pa�ent’s individual characteris�cs, along with their personal 451 
values and preferences. For pa�ents wishing to proceed with ECS, informed consent should be 452 
obtained in a document that reflects all the previous points. 453 

Recommenda�ons 454 

Gene�c counselling is essen�al for all individuals/couples considering ECS due to the test’s 
screening nature, implica�ons, and limita�ons. 
Pre-test gene�c counselling should be provided to support autonomous, informed 
reproduc�ve decision-making. 
Pre-test gene�c counselling should provide clear educa�on on the op�onal nature, scope, 
limita�ons, residual risk, possible incidental findings, and poten�al reproduc�ve 
implica�ons of ECS to support fully informed, autonomous decision-making before tes�ng. 
Informed consent should be obtained prior to ECS and should explicitly document that 
individuals/couples have been informed about the scope, limita�ons and implica�ons of 
tes�ng. 

 455 

Post-test gene�c counselling 456 

The content of post-test counselling should be more specific and tailored to the pa�ent’s 457 
results and needs. Based on these results, three possible scenarios may arise: i) low-risk with 458 
nega�ve result (no gene�c variant was iden�fied); ii) low-risk with a posi�ve result in different 459 
genes between members of the couple or between pa�ent and gamete donor; and iii) high-460 
risk result (both members of a couple present with gene�c variants in the same gene, or female 461 
pa�ent is a carrier of an XLR condi�on). In the case of couple-repor�ng, only 2 op�ons remain 462 
(low-risk and high-risk).  463 

For pa�ents with a low risk with nega�ve result, the limita�ons of the test and residual risk 464 
should be covered to reduce the poten�ality of false reassurance. Ideally, despite the nega�ve 465 
result, the pa�ents should be offered appropriate post-test gene�c counselling to revisit the 466 
test’s scope, limita�ons and residual risks, as well as to offer the possibility to express any 467 
doubts or concerns.  468 

In those pa�ents with a low-risk with a posi�ve result, the discussion should be more detailed 469 
compared to those with a low-risk with nega�ve result. Informa�on on the iden�fied 470 
condi�ons should be provided, adap�ng to the individual’s informa�on needs. Educa�on on 471 
the patern of inheritance should be offered, outlining the lack of health implica�ons for the 472 
carrier (unless it is considered an IF, which will be described below). As most gene�c variants 473 
iden�fied during ECS may be inherited, sharing the results to close rela�ves to enable gene�c 474 
counselling and tes�ng should be advised. If pa�ents express uncertainty or difficul�es in 475 
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communica�on this informa�on to family members, exploring some communica�on plans with 476 
them may prove beneficial. Family communica�on may be especially relevant when ECS results 477 
imply no reproduc�ve risk, as pa�ents may experience a false relief and decreased risk 478 
percep�on (Birnie et al., 2021, Cannon et al., 2023, McCormick et al., 2022, Strasser et al., 479 
2025). For those results involving an IF, counselling should proceed with cau�on, especially if 480 
the result may carry a direct present or future health implica�on for the pa�ent. When needed, 481 
referral to specialist care and/or psychological support should be recommended when 482 
disclosing IFs.  483 

The same informa�on as above should be provided to pa�ents with a high-risk result when 484 
seen for post-test counselling, albeit significantly more nuance is required. Addi�onally, the 485 
poten�al reproduc�ve risks should be extensively described, alongside a discussion of available 486 
reproduc�ve op�ons. The psychological impact when receiving high reproduc�ve risks may be 487 
significant, and pa�ents/couples may require some �me to adapt to the new situa�on (Birnie 488 
et al., 2021). Pa�ents in this scenario may benefit from several gene�c counselling 489 
appointments and psychological support may be beneficial for those pa�ents/couples 490 
expressing distress.  491 

Gene�c counselling may be performed either individually or in the presence of both members 492 
of the couple, depending on the nature of the result; couple-based counselling is par�cularly 493 
recommended for high-risk results, whereas individual counselling may be acceptable for low-494 
risk results.  495 

Finally, all informa�on derived from a post-test gene�c counselling appointment should be 496 
provided also in writen form (e.g. in the form of educa�onal materials, leaflets, a counselling 497 
leter or report) in order to enable pa�ents to later consult these. By offering proper pre-test 498 
and post-test gene�c counselling, pa�ents may make fully informed decisions, thus deriving 499 
maximum benefit from ECS. Several studies have shown that based on ECS results, couples 500 
may adapt their reproduc�ve planning, hence showing the clinical u�lity of ECS (Beauchamp 501 
et al., 2019, Capalbo et al., 2021, Ghiossi et al., 2018, Johansen Taber et al., 2019). 502 

It should be noted that one of the main barriers when considering gene�c counselling is the 503 
economic burden and lack of availability of trained gene�c counsellors or clinical gene�cists. 504 
For pre-test counselling, alterna�ves such as informa�ve videos, websites or leaflets have been 505 
explored. As ar�ficial intelligence tools, including large language models (LLMs) and chatbots, 506 
become increasingly used in clinical gene�cs for tasks such as answering pa�ent queries, 507 
simplifying informed consent documents, and suppor�ng clinical workflows, it is essen�al that 508 
their use is transparent (Duong and Solomon, 2025). Providers must inform pa�ents when a 509 
chatbot or LLM is involved, explaining the tool’s purpose, its capabili�es, and its limita�ons. 510 
Healthcare professionals should guide pa�ents through each step of the procedure, ensuring 511 
comprehension of what data will be used, how results will be communicated, and who will be 512 
responsible for follow-up, and be available to address ques�ons the AI tool does not resolve 513 
(Duong and Solomon, 2025). Enhancements in program-specific accuracy, data privacy, model 514 
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performance in diverse popula�ons, and clinical oversight must be maintained at all �mes to 515 
ensure safe, equitable, and responsible deployment (Coen et al., 2025).  516 

For more rou�ne and low-complexity sessions (such as pre-test counselling or low-risk post-517 
test counselling) less specialised professionals may assist in providing some basic gene�c 518 
counselling (Kirk et al., 2024). In this context, the emerging role of the gene�c counselling 519 
assistant may play an essen�al role (Hna�uk et al., 2019, Pirzadeh-Miller et al., 2017). Some 520 
studies have also explored the u�lity of reproduc�ve aids to reinforce these low-complexity 521 
gene�c counselling sessions (such as chatbots, videos or Ar�ficial Intelligence agents) 522 
(Chavarri-Guerra et al., 2025, Coen et al., 2025, McDaniels et al., 2020, Nazareth et al., 2021). 523 
Under no circumstances should the molecular report of ECS replace post-test gene�c 524 
counselling. Addi�onally, any high-risk results, IFs or pa�ents demanding more detailed 525 
informa�on should be referred to a professional specialising in gene�c counselling (ideally a 526 
gene�c counsellor, where the profession exists). 527 

Recommenda�ons 528 

Post-test counselling should be mandatory for the at-risk couples and individuals with a 
posi�ve result.  
Post-test counselling should be recommended for couples at low risk. Other pathways are 
acceptable, given that these are validated. 
Post-test gene�c counselling should deliver result-specific guidance tailored to the level of 
risk, and including clinical implica�ons, residual risk, emo�onal impact, family 
communica�on, and reproduc�ve op�ons. 
Referral to appropriate specialist care should be ensured in cases of high-risk results or 
clinically significant incidental findings.  
Gene�c counselling may be performed either individually or in the presence of both 
members of the couple, depending on the nature of the result; couple-based counselling is 
par�cularly recommended for high-risk results, whereas individual counselling may be 
acceptable for low-risk results. 

 529 

Informed consent 530 

Respec�ng autonomy means any individual going through ECS, both pa�ents and donors, must 531 
give informed consent, understanding the purpose, nature, and poten�al impact on 532 
themselves - and close family members - of the test (Dondorp et al., 2014). All informa�on 533 
contained in the pre-test and post-test gene�c counselling sessions should be clearly specified 534 
in the informed consent to acknowledge full understanding (Table 3).  535 
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Table 3. Core elements required in an informed consent form for ECS. 536 

Aspect of 
informed consent 

Key elements Reference(s) 

Voluntariness and 
autonomy 

ECS is op�onal, and both pa�ents and gamete donors should 
autonomously accept tes�ng. 

 

Health 
implications and 
carrier status 

It is essen�al that both pa�ents and donors understand that their 
carrier status will not, in most cases, impact their health, but might 
affect their own reproduc�ve choices. 

 

Incidental findings If IFs may be reported, this should clearly be specified in informed 
consent, and pa�ents given the op�on to opt-out of such findings. 

 

Scope and 
complexity of ECS 
panels 

ECS for a high number of condi�ons poses further significant challenges 
to achieving meaningful informed consent, as specific details for all the 
condi�ons screened for may not be feasible. Alterna�vely, the 
inclusion and exclusion criteria for genes/disorders can be discussed.  

 

Test limitations 
and residual risk 

Pa�ents need to know and understand the limita�ons of ECS and be 
made aware of residual risks of the test. 

 

Donor-recipient 
matching 

When matching donors and recipients based on carrier status or risk 
profiles, recipients must also consent and acknowledge the residual 
risks involved.  

 

Genetic 
counselling 

Specialised counselling from a gene�cs professional is essen�al for 
both donors and recipients to fully understand the implica�ons of 
these processes. 

(Dondorp et al., 
2014) 

Future analysis 
and recontact 
(donors) 

For donors, if addi�onal genes may be later analysed for matching 
purposes, this should be clearly specified in the consent form, and 
they should be given the possibility to recontact to be informed of 
any relevant findings.  

 

 537 

Recommenda�ons 538 

Informed consent should reflect full understanding of ECS’s purpose, nature, benefits, 
limita�ons, and implica�ons for the individual and family. 
Donors should be able to receive their results; the consent form should also men�on that 
donors can opt out of receiving their results. 

 539 

Reproduc�ve op�ons  540 

When ECS iden�fies an ARC for AR or XLR condi�on, a range of reproduc�ve op�ons become 541 
available depending on the mode of reproduc�on, with or without MAR, but here we will only 542 
discuss reproduc�ve op�ons in the context of MAR. The most appropriate course of ac�on 543 
depends on mul�ple factors, including the couple's values, the clinical se�ng, and the specific 544 
condi�on iden�fied—par�cularly in rela�on to its severity and poten�al impact (de Wert et al., 545 
2021, Gregg et al., 2021, Henneman et al., 2016).  546 
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The ac�onability of a posi�ve ECS result—defined as the propor�on of ARCs who pursue 547 
reproduc�ve strategies to mi�gate the iden�fied risk (e.g., PGT-M, PND, or the use of donor 548 
gametes)—is a key determinant of the test's clinical u�lity in reproduc�ve medicine. These 549 
strategies are not limited to strictly preven�ve measures but may also support informed 550 
reproduc�ve planning. Ac�onability also reflects the clinical relevance and design quality of the 551 
gene panel used, underscoring the importance of including condi�ons for which ac�onable 552 
outcomes are possible and supported by appropriate counselling and care pathways.  553 

In general, the higher the propor�on of ARCs who act upon a posi�ve ECS result, the greater 554 
the clinical u�lity of the screening test and the more robust the gene cura�on process behind 555 
the development of the ECS panel. According to the published literature, when ECS iden�fies 556 
carrier status for severe to profound condi�ons, the majority of ARCs (>70%) choose to pursue 557 
ac�ve reproduc�ve risk mi�ga�on, either through PGT-M during IVF or via PND following 558 
natural concep�on (Franasiak et al., 2016, Ghiossi et al., 2018, Kirk et al., 2024). In contrast, 559 
when the iden�fied condi�on is classified as mild, or is characterised by reduced penetrance 560 
and variable expressivity, the rate of change in reproduc�ve planning is markedly lower 561 
(Ghiossi et al., 2018). This results in a diminished clinical u�lity of ECS in such contexts, 562 
highligh�ng the importance of careful gene selec�on and classifica�on when designing 563 
screening panels. Among the available reproduc�ve op�ons, some ARCs may elect to proceed 564 
without interven�on, accep�ng the reproduc�ve risk based on the nature of the condi�on and 565 
their personal, ethical, or religious beliefs (Ghiossi et al., 2018). Some papers claim ARCs 566 
proceeding without interven�on is a failure of ECS, however, proceeding without interven�on 567 
is one of the reproduc�ve op�ons and therefore not a failure of the test. In a smaller subset of 568 
cases, the discovery of a high gene�c risk may prompt more substan�al changes in 569 
reproduc�ve plans, including the use of donor gametes, adop�on, or the decision to remain 570 
child-free, although few evidence/data exist on this (Cannon et al., 2019). 571 

Although PGT-M may be more readily integrated into the MAR pathway, access and uptake 572 
vary and are shaped by clinical, financial, regulatory, and personal factors (Kirk et al., 2024). 573 

The �ming of tes�ng can also significantly influence the reproduc�ve op�ons available to ARCs. 574 
When ECS is performed during an ongoing pregnancy, which is less likely but not excluded a�er 575 
MAR, ARC may choose to con�nue the pregnancy despite a posi�ve prenatal result, par�cularly 576 
in cases where early medical interven�on or management op�ons are available for the 577 
detected condi�on. 578 

In gamete dona�on cycles, significant differences exist that must be understood. Considering 579 
that ethnic background, in our mul�ethnic society, is o�en inaccurately self-reported (Edwards 580 
et al., 2015) and the growing trends of cross-border gamete dona�on, ECS provides donor 581 
selec�on policies that can be normalized with respect to the reproduc�ve risk for recessive 582 
disorders (Mersha and Abebe, 2015). Therefore, ECS has become a valuable tool for iden�fying 583 
poten�al risks of transmi�ng gene�c disorders that might not otherwise be predicted and 584 
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provides reassurance to prospec�ve recipients (Retsinforma�on, 2015a, Retsinforma�on, 585 
2015b). 586 

Ul�mately, the clinical value of ECS is determined by the availability of tangible reproduc�ve 587 
choices based on risks iden�fied. This underscores not only the importance of offering well-588 
designed ECS panels in reproduc�ve se�ngs, but also the cri�cal role of comprehensive pre- 589 
and post-test gene�c counselling to support individuals and couples in naviga�ng the resul�ng 590 
reproduc�ve op�ons. Notably, the ac�onability and clinical u�lity of ECS are influenced by 591 
legal, cultural, and socio-religious contexts. In countries where preconcep�on gene�c tes�ng 592 
is both accessible and integrated into standard reproduc�ve care—and where there are 593 
minimal religious or ethical constraints—ECS is likely to demonstrate greater clinical impact 594 
and u�lity. 595 

Recommenda�ons 596 

It is recommended not to reject donors only based on their carrier status for an AR disease.  
The recipient should be no�fied of reproduc�ve op�ons. 
Constant monitoring and review of ACRs rates and reproduc�ve decision outcomes is 
recommended to inform and improve ECS prac�ce over �me.  

 597 

Ethical issues 598 
The responsible implementa�on of preconcep�on ECS in MAR, including in gamete dona�on, 599 
requires assessing the propor�onality of such screening offers, i.e. if the possible benefits 600 
clearly outweigh the possible harms and disadvantages, while respec�ng basic rights and 601 
values. ESHRE’s Ethics Commitee comprehensively outlined the ethical issues raised by ECS in 602 
MAR and made a number of recommenda�ons (de Wert et al., 2021). Previously, the ESHRE 603 
Task Force on Ethics and Law published recommenda�ons on the use of gene�c screening of 604 
gamete donors (Dondorp et al., 2014). This sec�on summarises and combines the key points 605 
of these documents regarding specific issues, highligh�ng when recommenda�ons might need 606 
to be added or reconsidered in light of recent developments in this rapidly moving field.  607 

In reproduc�ve gene�c screening, a longstanding tension exists between autonomy, which 608 
priori�ses informed reproduc�ve choice, and preven�on, which seeks to reduce the incidence 609 
of gene�c condi�ons. The prevailing view is that the autonomy paradigm should guide 610 
universal ECS, with broad consensus that its primary aim is to support autonomous decision-611 
making (Henneman et al., 2016). 612 

ECS can enable reproduc�ve autonomy 613 
• To empower individuals and couples with informed reproduc�ve choices. 614 
• To facilitate �mely reproduc�ve interven�ons, par�cularly in the context of MAR. 615 
• To improve carrier detec�on through ancestry-independent screening 616 

methodologies. 617 
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Although offering ECS exclusively to couples undergoing MAR may be seen as conflic�ng with 618 
the principle of non-discrimina�on, there are context-specific jus�fica�ons for such a selec�ve 619 
approach. Fer�lity specialists have an ethical obliga�on not only to support the health and well-620 
being of the prospec�ve mother but also to consider the welfare of the future child. 621 
Addi�onally, implemen�ng ECS within the MAR popula�on provides a structured opportunity 622 
to evaluate its clinical u�lity, feasibility, and psychosocial impact. Insights gained from this 623 
targeted implementa�on could be instrumental in shaping future policies for broader, more 624 
equitable ECS implementa�on (de Wert et al., 2021). 625 

Nonetheless, individuals undergoing MAR cons�tute a par�cularly vulnerable group, and 626 
cau�on is warranted to prevent the undue commercial promo�on—or "upselling"—of gene�c 627 
tests. While it is ethically appropriate to inform prospec�ve parents without known gene�c 628 
risks about the op�on of ECS, they should not feel pressured to undergo tes�ng on moral 629 
grounds, such as an implicit sugges�on that doing so cons�tutes responsible or "good" 630 
paren�ng. Providers should also acknowledge and respect pa�ents’ right to decline tes�ng, 631 
ensuring that such decisions do not lead to judgment, reduced support, or compromised 632 
access to care. However, where a couple is iden�fied as at risk for a serious AR condi�on, it is 633 
arguably reasonable to expect that they consider preven�ve reproduc�ve op�ons if they wish 634 
to conceive through MAR. 635 

When used in gamete dona�on, ECS has the poten�al to enhance the safety of donor 636 
concep�on for recipients and their future children. The importance of ECS in gamete dona�on 637 
is accentuated by the fact that single donor gametes are frequently used across several 638 
families, poten�ally amplifying the transmission risk of inherited gene�c disorders.  639 

If the carrier status of the donor selected by the recipients or the clinician/lab is available, 640 
recipients can be presented with the three following op�ons: recipients could be a) informed 641 
of the donor’s carrier status, b) only informed of the most frequent and severe pathogenic 642 
variant iden�fied, or c) not informed about donor carrier status at all. If recipients are made 643 
aware of the donor’s carrier status, measures to minimise the added uncertainty, anxiety, and 644 
financial burden it could place on recipients should be implemented, including through 645 
adequate counselling (Dondorp et al., 2014).  646 

In line with principles of responsible clinical prac�ce, recipients should also be offered the 647 
op�on of further tes�ng, especially if the selected donor is a carrier of any pathogenic variants. 648 
Depending on context (origin of the donor, availability of the original tested panel), this could 649 
take the form of an expanded carrier panel, similar to that used with the donor, or a targeted 650 
‘matching test’, which only tests the recipient for the pathogenic variant(s) carried by the 651 
donor. The later ensures that recipients are not unnecessarily exposed to the full complexity 652 
and expense of extensive genomic panels, while s�ll protec�ng the health of future children. 653 

Recipients should be provided with informa�on about the op�on cost and implica�ons of 654 
undergoing complementary carrier test, including the existence of residual risks and the 655 
expecta�on that they may need to change donor if they also carry the same pathogenic 656 
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variant(s). However, recipients should have the op�on to decline the match test or any carrier 657 
test if they are unwilling or unable to undertake it. They should not feel pressured to undergo 658 
tes�ng on moral grounds, such as an implicit sugges�on that doing so cons�tutes responsible 659 
or "good" paren�ng. Providers should also acknowledge and respect pa�ents’ right to decline 660 
tes�ng, ensuring that such decisions do not lead to judgment, reduced support, or 661 
compromised access to care. However, in such cases, recipients should sign a document 662 
acknowledging that they have been informed of the donor’s carrier status and accept the 663 
poten�al risk of transmission.  664 

Both in dona�on and in autologous concep�on, if a risk is iden�fied a�er embryos are created, 665 
it is important to consider the implica�ons it may have for the future donor-conceived child’s 666 
wellbeing, and the op�on of PGT-M or prenatal tes�ng should be discussed with the 667 
prospec�ve parents. 668 

Professionals, par�cularly in MAR se�ngs, face ethical responsibili�es beyond facilita�ng 669 
pregnancy. They are also tasked with considering the future child's welfare, including known 670 
gene�c risks (de Wert et al., 2021, Pennings et al., 2007).  671 

For low-risk couples, non-direc�ve guidance is offered, allowing them to decide whether to 672 
undergo tes�ng and how to proceed if they are at risk. For higher-risk groups, such as those 673 
with ancestry or family history linked risks, professionals may take a more direc�ve approach, 674 
poten�ally making access to MAR condi�onal on reducing gene�c risks (de Wert et al., 2021). 675 

Ul�mately, while the autonomy paradigm is dominant, concerns about the welfare of the 676 
future child can jus�fy more direc�ve approaches, especially when there is a significant risk of 677 
serious suffering. This nuanced approach aims to balance reproduc�ve autonomy with ethical 678 
concerns about preven�ng harm to future children (de Wert et al., 2021). 679 

This is also relevant in the context of gamete dona�on. However, when it comes to donors 680 
themselves, ‘as all donors are carriers of AR condi�ons, extended carrier tes�ng only makes 681 
sense if heterozygosity does not necessarily lead to exclusion. This requires that recipients are 682 
also tested, so as to allow matching of donors and recipients to avoid carrier combina�on’ 683 
(Dondorp et al., 2014). 684 

Recommenda�ons 685 

In MAR, ECS should be offered as a voluntary, non-direc�ve screening test to pa�ents 
without known gene�c risks, and individuals should not be pressured to undergo tes�ng or 
to act upon results. 
Couple iden�fied as carriers for a serious AR condi�on are expected to consider preven�ve 
reproduc�ve op�ons if they wish to conceive through MAR. 
In gamete dona�on, if the carrier status of the donor is available, three op�ons are available: 
recipients could be  

a) informed of the donor’s carrier status,  
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b) only informed of the most frequent and severe pathogenic variant iden�fied, or  
c) not informed about donor carrier status at all.  

If the recipients are made aware of the posi�ve carrier status of their donor for a severe 
condi�on, they should be offered a ECS or match test, or the possibility to change donor, 
while receiving adequate counselling. 
If the recipients refuse to take a match test or change donor, they should sign a waiver 
document. The pa�ents’ choice should be respected and not affect the care proposed. 

 686 

General take-home messages for clinical implementa�on of ECS in MAR 687 
ECS is increasingly recognised as a valuable component of reproduc�ve care, with par�cular 688 
relevance in MAR. ECS enables informed reproduc�ve decision-making and suppor�ng a range 689 
of risk mi�ga�on strategies. Its clinical value, however, depends not only on technological 690 
capability but also on careful integra�on within robust ethical, clinical, counselling, and 691 
laboratory frameworks. This Good Prac�ce Recommenda�ons document addresses a cri�cal 692 
gap by providing MAR-specific guidance for ECS, including gamete dona�on. It responds to the 693 
substan�al heterogeneity observed across current prac�ces (Capalbo et al., 2024)(Herbrand et 694 
al., 2026) and professional recommenda�ons by ar�cula�ng core principles for eligibility, 695 
�ming, panel design, result interpreta�on, counselling, and ethical governance. Central to 696 
these recommenda�ons is the recogni�on that ECS is a screening tool aimed at iden�fying 697 
reproduc�ve risk, rather than a diagnos�c test, and that its primary objec�ve is to support 698 
reproduc�ve autonomy through informed choice. 699 

ECS in the broader framework of reproduc�ve care 700 

ECS should be considered within a broader framework and evaluated alongside other screening 701 
and tes�ng tools used throughout the reproduc�ve pathway such as prenatal tes�ng and 702 
newborn screening. Newborn screening aims to iden�fy affected infants shortly a�er birth in 703 
order to enable early diagnosis and treatment, whereas ECS is performed prior to concep�on 704 
or early in pregnancy with the explicit goal of informing reproduc�ve planning. The two 705 
programs are therefore complementary rather than interchangeable, addressing dis�nct 706 
clinical ques�ons at different stages of the reproduc�ve pathway. Some examples of shared 707 
condi�ons between the two screening programs, illustra�ng their complementary roles, 708 
include cys�c fibrosis and spinal muscular atrophy. When these condi�ons are included in ECS 709 
panels, they allow early iden�fica�on of at-risk couples and access to meaningful reproduc�ve 710 
op�ons, while their inclusion in newborn screening enables early postnatal disease 711 
management. By contrast, condi�ons that are primarily included in newborn screening because 712 
early detec�on enables �mely interven�on and favourable clinical outcomes, and for which 713 
reproduc�ve decision-making is unlikely to be significantly influenced (e.g., phenylketonuria, 714 
congenital hypothyroidism) offer litle or no added value when included in ECS panels. These 715 
dis�nc�ons highlight that overlap between ECS and newborn screening should be guided by 716 
reproduc�ve u�lity rather than by diagnos�c detectability alone. The working group considers 717 
it appropriate to include gene–disease pairs irrespec�ve of their presence in newborn 718 
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screening programs when this provides addi�onal reproduc�ve benefit such as carrier 719 
iden�fica�on before pregnancy or informing decisions regarding preimplanta�on gene�c 720 
tes�ng, prenatal diagnosis, or donor selec�on. ECS should not be viewed as a subs�tute for 721 
newborn screening, nor should the existence of newborn screening programs be used to jus�fy 722 
restric�ng ECS where reproduc�ve benefit can be demonstrated.  723 

Similarly, ECS is complementary to other screening tests used during pregnancy to assess 724 
different categories of gene�c risk, such as non-invasive prenatal tes�ng (NIPT) for common 725 
aneuploidies. The widespread adop�on of NIPT in Europe where it is increasingly offered as a 726 
first-�er screening test for the general pregnant popula�on, has transformed the landscape of 727 
reproduc�ve gene�cs (Van Den Bogaert et al., 2021, van der Meij et al., 2019). However, owing 728 
to the low sequencing depth of maternal plasma DNA, accurate detec�on of maternal carrier 729 
status for single-gene condi�ons is currently not feasible. From a clinical perspec�ve, ECS can 730 
s�ll be offered during pregnancy, alongside NIPT for aneuploidy screening. Nevertheless, the 731 
working group emphasises that offering ECS prior to concep�on remains the preferred 732 
approach, as it maximises the reproduc�ve op�ons available to prospec�ve parents. In the 733 
context of MAR, where pa�ents are already engaged in structured reproduc�ve care pathways 734 
such as IVF, implemen�ng ECS before treatment ini�a�on represents a par�cularly feasible and 735 
clinically valuable strategy. 736 

ECS in gamete dona�on 737 

ECS also plays an important role in the context of gamete dona�on, where gene�c matching 738 
between donors and recipients may help minimise the risk of transmi�ng recessive condi�ons 739 
while avoiding unnecessary exclusion of donors based solely on carrier status. Implemen�ng 740 
structured donor–recipient matching strategies may therefore support both reproduc�ve 741 
safety and donor availability within MAR programs. For these reasons, the working group 742 
strongly recommends that donors should not be excluded solely on the basis of carrier status 743 
for autosomal recessive condi�ons.  744 

ECS and health care economics 745 

From a health-economic perspec�ve, ECS has the poten�al to be cost-effec�ve, par�cularly 746 
when implemented prior to concep�on and integrated into exis�ng MAR pathways. By 747 
iden�fying at risk couples before embryo crea�on or pregnancy, ECS may reduce downstream 748 
costs associated with the diagnosis, treatment, and long-term care of severe gene�c 749 
condi�ons, as well as the emo�onal and clinical burden of late diagnoses. Cost-effec�veness is 750 
influenced by mul�ple factors, including panel design, carrier frequency thresholds, counselling 751 
models, uptake rates, and the availability of ac�onable reproduc�ve op�ons such as PGT-M or 752 
donor matching. Importantly, broader panels are not inherently more cost-effec�ve; clinical 753 
u�lity depends on the careful selec�on of condi�ons for which meaningful reproduc�ve 754 
decisions can be made (Busnelli et al., 2023). 755 
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Several studies across different healthcare systems have demonstrated the cost-effec�veness 756 
of ECS. Analyses conducted in U.S. health plans, private insurance se�ngs, and universal 757 
healthcare systems have consistently shown that ECS reduces affected births and healthcare 758 
costs compared with limited carrier screening or no screening strategies (Azimi et al., 2016, 759 
Beauchamp et al., 2019, Busnelli et al., 2023, Zhang et al., 2019). More recently, a large 760 
microsimula�on study in Australia confirmed that popula�on-based expanded reproduc�ve 761 
carrier screening is cost-saving compared with both limited panels and intermediate sized 762 
screening strategies, with higher quality-adjusted life-years and substan�ally more affected 763 
births averted even at moderate uptake levels (Schofield et al., 2025). 764 

Different repor�ng strategies may also influence the clinical implementa�on of ECS. Both 765 
individual carrier repor�ng and couple-based risk repor�ng represent valid approaches, and 766 
the choice between them may depend on available counselling resources, clinical workflows, 767 
panel design, and na�onal regulatory frameworks. In general, the working group considers that 768 
communica�on of individual carrier results should be preferred whenever feasible. Providing 769 
individual results allows carriers to be informed about their own gene�c status, which may have 770 
implica�ons beyond the current reproduc�ve partnership and may facilitate cascade tes�ng in 771 
family members. However, the working group also recognises that when ECS panels include a 772 
very large number of genes, individual repor�ng may generate a substan�al amount of 773 
informa�on and may increase the counselling burden for both pa�ents and healthcare 774 
professionals. In such situa�ons, couple-based repor�ng may represent a pragma�c 775 
alterna�ve. Appropriate mechanisms should remain available to ensure that individuals can 776 
access their own carrier informa�on if clinically relevant or upon request. 777 

Laboratory considera�ons and program evalua�on 778 

From a laboratory perspec�ve, cost-effec�veness is closely linked to evidence-based panel 779 
design, transparent gene selec�on, and robust variant interpreta�on frameworks. Con�nuous 780 
panel re-evalua�on, quality assurance, and harmonisa�on across laboratories are essen�al to 781 
ensure clinical validity and sustainable implementa�on. The increasing availability of large, 782 
mul�-ancestry popula�on biobanks in Europe and beyond, such as UK Biobank, Estonian 783 
Biobank, All of Us, and FinnGen, together with advances in variant annota�on frameworks and 784 
computa�onal interpreta�on tools (such as AlphaGenome, PopVEP, Evo2) provide a rapidly 785 
expanding infrastructure to support the refinement and implementa�on of ECS while 786 
improving analy�c accuracy, clinical validity, and consistency of results. Finally, the long-term 787 
value of ECS in MAR will depend on ongoing evalua�on of clinical outcomes, at-risk couple 788 
detec�on rates, reproduc�ve decision-making and equity of access. Monitoring these 789 
parameters will be essen�al to refine prac�ce, inform reimbursement and funding models, and 790 
guide future policy development at na�onal and interna�onal levels. 791 



29 
 

Good Prac�ce Recs on ECS 

ECS and gene�c counselling 792 

Appropriate gene�c counselling remains central to the responsible and cost-effec�ve 793 
implementa�on of ECS. High quality pre- and post-test counselling supports informed decision 794 
making, mi�gates psychological harm, and reduces the risk of misinterpreta�on or unnecessary 795 
follow-up tes�ng. While digital tools and alterna�ve counselling models may help address 796 
workforce constraints and have been validated in other branches of gene�cs (Yi et al., 2025) (Yi 797 
et al., 2025), they cannot replace professional responsibility, par�cularly for high-risk results, 798 
IFs, or complex reproduc�ve decisions. At the same �me, the working group recognises that 799 
the availability of gene�c counselling services may represent a prac�cal barrier to the broader 800 
implementa�on of ECS programs. For this reason, the group considers it acceptable to explore 801 
alterna�ve models that help mi�gate this burden, in par�cular for low-risk couples. 802 

These recommenda�ons should be interpreted in light of several limita�ons. The evidence 803 
base suppor�ng ECS con�nues to evolve, and many aspects of ECS implementa�on including 804 
op�mal panel composi�on, counselling models, and repor�ng strategies, remain areas of 805 
ac�ve debate. As a Good Prac�ce Recommenda�ons document, this reflects expert consensus 806 
informed by available literature and current clinical prac�ce rather than formal evidence 807 
grading for all recommenda�ons. Furthermore, healthcare systems across Europe and 808 
interna�onally differ substan�ally in terms of funding models, regulatory frameworks, and 809 
access to gene�c services. Consequently, local adapta�on may be required to ensure that ECS 810 
implementa�on remains feasible, propor�onate, and aligned with na�onal policies. 811 

Technical considera�ons, technological approaches and future direc�ons 812 

ECS panel design 813 

The design and implementation of an evidence-based ECS panel involves critical steps from 814 
selecting relevant disorders to ensuring accurate variant detection and test clinical utility.  815 

The development of an ECS panel should follow a structured and methodologically transparent 816 
workflow; however, the sequence of individual steps may vary according to the clinical context, 817 
popula�on characteris�cs, and resource availability. Accordingly, the framework outlined 818 
below should be regarded as a guiding approach that highlights key considera�ons in ECS panel 819 
design rather than a prescrip�ve sequence.  820 

Two general approaches may be applied. In a clinical-first approach, diseases are first 821 
preselected based on predefined inclusion criteria, followed by an es�ma�on of popula�on 822 
carrier frequencies for the associated genes. A final gene list is then curated using an 823 
established carrier frequency threshold (Gregg et al., 2021, Gruzin et al., 2025, Johansen Taber 824 
et al., 2022). Alterna�vely, in a data-driven approach, laboratories may ini�ally determine 825 
carrier frequencies for genes associated with recessive condi�ons and subsequently evaluate 826 
the severity of the associated disorders for inclusion in the panel (Schmitz et al., 2025).827 
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Figure 1. Overview of the framework for selecting conditions in expanded carrier screening (ECS), including gene selection and annotation, frequency estimation, threshold setting, disease severity 828 
classification, and fetal disease risk assessment. 829 

 830 

 831 



31 
 

Good Prac�ce Recs on ECS 

Selec�on of eligible condi�ons and genes  832 

The design of an ECS panel requires the systema�c iden�fica�on of candidate condi�ons and 833 
associated genes for inclusion. This process involves a comprehensive evalua�on of disorders 834 
with established autosomal recessive and X-linked inheritance, drawing on curated databases 835 
such as Online Mendelian Inheritance in Man (OMIM) and ClinGen and evidence from 836 
published literature and exis�ng carrier screening frameworks (Gregg et al., 2021, Guo and 837 
Gregg, 2019, Kirk et al., 2021). 838 

Gene selec�on should be guided by clearly defined and transparent criteria to ensure 839 
consistency across laboratories. These criteria should aim to balance clinical u�lity, ethical 840 
considera�ons, and technical feasibility, while suppor�ng meaningful reproduc�ve decision-841 
making for individuals and couples. 842 

The key gene inclusion criteria for ECS panels are as follows: 843 

1) Disease severity 844 
Disease severity is a central considera�on in ECS panel design; however, it is inherently 845 
subjec�ve and may vary depending on clinical context, cultural perspec�ves, and pa�ent values 846 
(Freeman et al., 2025). To maintain transparency and reproducibility in panel design, it is 847 
recommended to adopt standardised severity classifica�on frameworks. Relevant parameters 848 
include age of onset, impact on cogni�ve and physical func�oning, effect on lifespan, and the 849 
availability of effec�ve treatments or interven�ons. One widely referenced framework is the 850 
severity classifica�on algorithm developed by Lazarin et al. (2014), which stra�fies condi�ons 851 
into four categories - profound, severe, moderate, and mild - based on phenotypic and clinical 852 
data. This framework has been used by several ECS programs and provides a prac�cal 853 
founda�on for systema�c disease categorisa�on (Gregg et al., 2021, Lazarin et al., 2014). 854 

• Severe and profound disorders are characterised by a detrimental impact on quality 855 
of life, including significant cogni�ve or physical impairment, substan�ally 856 
shortened lifespan, or both. These condi�ons represent the core target of ECS and 857 
are universally recommended for inclusion. Examples include Tay-Sachs disease 858 
(HEXA), spinal muscular atrophy (SMN1), and Canavan disease (ASPA) (ACOG, 859 
2017a, Gregg et al., 2021). 860 

• Moderate disorders may involve chronic disability or func�onal limita�on but are 861 
not typically associated with significantly shortened lifespan. Their inclusion in ECS 862 
panels is generally supported when they are associated with meaningful 863 
reproduc�ve impact or when iden�fying carrier status would substan�ally inform 864 
reproduc�ve decision-making. Nonsyndromic hearing loss (e.g., GJB2-related) is a 865 
commonly cited example, though its inclusion remains a subject of debate given 866 
the variability in how the deaf community perceives hearing loss as a disability 867 
(Freeman et al., 2025). 868 

• Mild disorders – those with minimal clinical impact, high manageability with 869 
standard medical care, adult onset, low penetrance, or significant variable 870 
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expressivity - should generally not be included in ECS panels. Their inclusion risks 871 
causing dispropor�onate pa�ent anxiety, may compromise the clinical ac�onability 872 
of results, and can dilute the reproduc�ve u�lity of the panel. For example, HFE-873 
related hereditary haemochromatosis, despite being rela�vely common, is 874 
characterised by low penetrance and is manageable with rou�ne monitoring and 875 
phlebotomy; it is therefore excluded from most professional ECS panels (ACOG, 876 
2017a, Allen et al., 2008). 877 

It is important to acknowledge that applying severity classifica�ons is not always 878 
straigh�orward. While the primary goal of an ECS panel is to iden�fy carrier status for severe 879 
and moderate childhood-onset condi�ons, the inclusion of certain genes inevitably introduces 880 
a spectrum of phenotypic expression, ranging from mild to profound, as a consequence of 881 
significant allelic and phenotypic heterogeneity. For instance, variants in genes such as CFTR 882 
(cys�c fibrosis transmembrane conductance regulator) are associated with a broad phenotypic 883 
spectrum, from classic mul�system cys�c fibrosis to isolated congenital bilateral absence of 884 
the vas deferens (CBAVD), a mild, fer�lity-related condi�on in males (Brennan and Schrijver, 885 
2016). Where relevant, informa�on on the range of phenotypes associated with par�cular 886 
genes should be provided, and post-test counselling should adequately address this 887 
complexity.  888 

ECS is increasingly implemented as a pan-ethnic screening approach, which avoids reliance on 889 
self-reported ancestry and promotes equitable access to genetic screening. However, 890 
differences in carrier frequency across populations remain clinically relevant and should be 891 
considered in panel design and interpretation. A population-based study in Singapore 892 
demonstrated that several genes associated with severe paediatric-onset conditions such as 893 
ADAR, CYP7B1, DDC, GALC, LAMA3, SBDS, and SPINK5 may reach carrier frequencies exceeding 894 
1 in 200 in specific Asian populations despite not being consistently included in widely used 895 
ECS panels, including those based on ACMG recommendations (Bylstra et al., 2025). 896 
Conversely, some conditions are highly prevalent in particular ancestry groups but rare or 897 
absent in others; for example, Friedreich ataxia, caused by variants in FXN, has a carrier 898 
frequency of approximately 1 in 60 to 1 in 100 in individuals of European, Arab, and South 899 
Asian ancestry, but almost absent in sub-Saharan African and East Asian populations (Indelicato 900 
et al., 2025, Reetz et al., 2025).  901 

These examples underscore the recommendation that carrier frequency thresholds should be 902 
evaluated across multiple ancestral groups using population-specific genomic data to ensure 903 
that panel design remains equitable and clinically meaningful across diverse populations 904 
(Bylstra et al., 2025, Gregg et al., 2021). It should additionally be noted that the potential 905 
relevance of certain conditions beyond their primary reproductive purpose has been discussed 906 
in the literature; however, this remains debated and should be carefully weighed against the 907 
primary purpose of ECS as a tool for reproductive risk assessment and informed decision-908 
making (Henneman et al., 2016). 909 
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2) Gene-disease relationship 910 
The strength of evidence supporting the relationship between a gene and its associated disease 911 
is a critical determinant of inclusion in an ECS panel. Only genes with well-established, clinically 912 
validated associations should be included; the incorporation of genes with insufficient or 913 
conflicting evidence risks generating uncertain or misleading results that cannot support 914 
accurate reproductive risk counselling. 915 

It is recommended that gene-disease relationship (GDRs) are evaluated using structured, 916 
evidence-based frameworks. The ClinGen Gene-Disease Validity framework provides a rigorous 917 
and internationally recognised approach, classifying GDRs with supporting evidence as 918 
definitive, strong, moderate, or limited based on a systematic review of genetic and 919 
experimental evidence (Strande et al., 2017). For ECS panels, inclusion should generally be 920 
restricted to genes classified as having definitive or strong evidence of causality; genes with 921 
moderate evidence may be considered on a case-by-case basis, particularly in the context of 922 
emerging gene-disease associations or genetically heterogeneous conditions, provided their 923 
inclusion is justified, clearly communicated to patients, and appropriately reflected in the 924 
reporting framework. Genes with limited, disputed, or refuted classifications should be 925 
excluded. 926 

Evidence within this framework is evaluated across two broad domains: 927 

• Genetic evidence encompasses case-level data, including reports of multiple 928 
unrelated probands harbouring pathogenic variants consistent with the associated 929 
phenotype, de novo variant occurrences, and predicted or proven null variants, as 930 
well as segregation data within families, and case-control studies demonstrating 931 
statistically significant enrichment of variants in affected individuals compared to 932 
controls. The framework applies a structured scoring system to weight the quality 933 
and quantity of this evidence, taking into account variant type, inheritance pattern, 934 
and population frequency data. 935 

• Experimental evidence includes gene-level functional data supporting biological 936 
plausibility of the gene–disease association. This encompasses biochemical function 937 
studies, protein interaction data, expression analyses in disease-relevant tissues, 938 
functional alteration studies in patient-derived or non-patient cells, and model 939 
system data from animal or cell culture models demonstrating a phenotype 940 
consistent with the human disease. Rescue experiments, in which re-introduction of 941 
the wild-type gene product reverses the model phenotype, provide particularly 942 
strong supportive evidence. 943 

Panels should be subject to regular review and upda�ng as new evidence emerges, and curated 944 
resources such as ClinGen, OMIM, and Orphanet should be checked to ensure that GDR 945 
classifica�ons remain accurate. 946 
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3) Technical feasibility and analytical accuracy 947 
The inclusion of genes in ECS panels should be con�ngent upon the ability of the tes�ng 948 
pla�orm to reliably detect clinically relevant variants. Analy�cal validity must be demonstrated 949 
for variant types of interest, including single-nucleo�de variants, small inser�ons/dele�ons, 950 
and, where appropriate, copy number variants or complex genomic rearrangements. 951 

Certain genes pose technical challenges due to factors such as pseudogene homology, 952 
repe��ve sequences, or structural complexity. These genes should only be included where 953 
validated methodologies ensure high analy�cal sensi�vity and specificity. For example, SMN1 954 
gene cannot be reliably analysed by standard short-read sequencing alone due to the presence 955 
of a highly homologous pseudogene (SMN2), and therefore requires dedicated methods such 956 
as copy number-based assays for accurate assessment (Feng et al., 2017, Scarciolla et al., 957 
2006). Considera�on should also be given to detec�on rates, assay limita�ons, and the ability 958 
to accurately interpret detected variants within a clinical context.  959 

In summary, the inclusion criteria should prioritise genes with well-defined reproductive 960 
significance based on disease severity, validated gene-disease associations, and technical 961 
feasibility, providing a transparent and balanced basis for gene selection.  962 

Determining Variant Carrier Frequency 963 

Once the ini�al gene list has been established, the next cri�cal step is to determine variant 964 
carrier frequencies (VCF), ideally, across a broad and ancestrally diverse set of popula�ons. 965 
This ensures that the panel reflects pan-ethnic representa�on rather than being skewed 966 
towards specific groups. Tradi�onal carrier screening panels o�en relied on self-reported 967 
ancestry, but this approach is now recognised as inadequate due to the high degree of 968 
admixture observed in human popula�ons. In fact, ancestry-based tes�ng consistently 969 
underes�mates the number of carriers, poten�ally missing ARCs (ACOG, 2017a, Sagaser et al., 970 
2023).  971 

For the purpose of VCF calculations, variant aggregation and annotation is performed as 972 
described below: 973 

1) Variant aggregation 974 
Allele frequency corresponds to the propor�on of a given allele (variant of a gene) at a specific 975 
locus rela�ve to the total number of alleles in the popula�on. Extrac�on of allele frequency 976 
data from large-scale variant repositories is crucial for VCF es�ma�on. Resources such as the 977 
Genome Aggrega�on Database (gnomAD), the UK Biobank, the All of Us Research Program, 978 
and na�onal or ins�tu�onal biobanks provide allele frequency data across global popula�ons, 979 
including admixed groups, thereby reducing the biases inherent in ancestry-specific 980 
approaches (Bylstra et al., 2025, Gregg et al., 2021, Schmitz et al., 2025). Incorpora�ng both 981 
publicly available and proprietary or ins�tu�onal databases improves accuracy and allows 982 
laboratories to account for rare or popula�on-specific variants that may not be represented in 983 
public resources alone. This is par�cularly relevant for XLR condi�ons, where low prevalence 984 
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requires very large cohorts to obtain reliable es�mates. For example, for an XLR condi�on with 985 
a male prevalence of approximately 1 in 40,000, the expected carrier frequency in females is 986 
around 1 in 20,000, meaning that small sample sizes are unlikely to yield stable or precise VCF 987 
es�mates; such es�mates should therefore be interpreted with cau�on and supported by large 988 
genomic datasets and robust external epidemiological data. Of note, it is essen�al to consider 989 
the characteris�cs of each gene when deriving variant frequency data. For technically 990 
challenging genes (e.g. due to structural nature of variants) such as CYP21A2, FMR1, and SMN1, 991 
exome- and genome-based databases (e.g., gnomAD) o�en lack accuracy, and sources 992 
employing validated supplementary methods to assess these genes (e.g., mul�plex liga�on-993 
dependent probe amplifica�on (MLPA), quan�ta�ve polymerase chain reac�on (qPCR), triplet-994 
primed PCR (TP-PCR)) should instead be used.  995 

2) Variant annotation and pathogenicity assessment 996 
Variants identified through data aggregation must be systematically annotated and classified 997 
to determine their clinical relevance for carrier frequency estimation. The ACMG/AMP 998 
guidelines provide the internationally recognised framework for classifying variants into five 999 
tiers: pathogenic (P), likely pathogenic (LP), variant of uncertain significance (VUS), likely benign 1000 
(LB), and benign (B), based on a structured assessment of multiple evidence types, including 1001 
population data, computational data, functional data, and segregation data (Richards et al., 1002 
2015). In the ECS context, only P/LP variants are used to derive carrier frequency estimates, 1003 
making the rigour and consistency of this classification process directly consequential for panel 1004 
accuracy. Population frequency data from large-scale databases such as gnomAD inform key 1005 
criteria, including PM2 (absence or extreme rarity in population controls) and BA1 (stand-alone 1006 
benign classification for variants exceeding 5% allele frequency) while variant type and location 1007 
determine whether high-weight criteria such as PVS1 apply for loss-of-function variants in 1008 
relevant genes (Richards et al., 2015). For missense variants, in silico tools including REVEL, 1009 
CADD, and AlphaMissense contribute supporting computational evidence, though they should 1010 
not be used as the sole primary classifiers (Cheng et al., 2023, Richards et al., 2015). Case-level 1011 
evidence such as observation in multiple unrelated affected individuals, cosegregation data, 1012 
and detection in trans with a known pathogenic variant (PM3), alongside functional data from 1013 
validated assays, further inform final classification (Brnich et al., 2019). Curated resources 1014 
including ClinVar, LOVD, and locus-specific databases such as CFTR2 should be consulted to 1015 
capture expert-reviewed interpretations beyond automated annotation pipelines. Disease- 1016 
and gene-specific ClinGen Expert Panel specifications have been instrumental in refining how 1017 
individual evidence criteria are applied and weighted for particular conditions, improving 1018 
classification consistency (Rivera-Muñoz et al., 2018). In addition, many laboratories maintain 1019 
internal classification systems informed by historical case data, functional studies, and ongoing 1020 
reclassifications. These internal resources are especially valuable for resolving VUS and for 1021 
capturing knowledge that may not yet be publicly available. As variant classification is not 1022 
static, laboratories should maintain robust workflows for periodic re-evaluation of variant 1023 
classifications as new evidence emerges and existing classifications are updated. 1024 
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Together, these steps ensure that variant aggrega�on and annota�ons provide accurate P/LP 1025 
VCF es�mates of gene carrier frequency (GCF). By combining large-scale data aggrega�on, 1026 
standardised annota�on, and curated clinical exper�se, carrier screening panels can achieve 1027 
both clinical validity and equitable representa�on across popula�ons. 1028 

Calcula�on of Gene-specific Carrier Frequencies (GCF) 1029 

Gene carrier frequency (GCF) in the context of ECS represents the proportion of individuals in 1030 
a population who carry a pathogenic/likely pathogenic variant for a recessive condition. 1031 
Estimating GCF is crucial for assessing a condition’s contribution to population-level risk. 1032 
Accurate GCF estimates help prioritise high-prevalence conditions for inclusion in ECS panels, 1033 
thereby enhancing sensitivity and clinical validity. After variant aggregation and curation, only 1034 
pathogenic and likely pathogenic variants are used to calculate gene-specific allele frequencies. 1035 
Well characterised variants with low penetrance or a mild phenotype should be excluded from 1036 
this analysis.  1037 

For AR conditions, carrier frequencies are calculated by identifying the proportion of 1038 
individuals, both male and females, who carry one copy of a P/LP variant (heterozygous). Allele 1039 
frequency corresponds to the proportion of a given pathogenic allele at a specific locus relative 1040 
to the total number of alleles in the population. These metrics can be used to estimate the 1041 
probability of an ARC, which is approximately the square of the carrier frequency. For X 1042 
recessive conditions, carrier frequency is typically calculated using female data, as females can 1043 
be heterozygous carriers, whereas males with pathogenic variants are presumed to be affected 1044 
and thereby not seeking carrier screening.  1045 

Finally, estimates must also account for technical and methodological limitations. Differences 1046 
in sequencing coverage, variant calling pipelines, and annotations can influence frequency 1047 
estimates across datasets. Aggregation of data from various methods and cross-validation with 1048 
multiple sources (e.g., gnomAD, biobank cohorts, and internal laboratory data) increases 1049 
confidence in the final frequencies used to guide gene inclusion. 1050 

Panel design guided by Fetal Disease Risk (FDR) 1051 

Once popula�on-level GCFs have been established for a preselected list of severe and 1052 
moderate condi�ons, quan�ta�ve thresholds, based on cumula�ve carrier frequency and fetal 1053 
disease risk (FDR), can be applied to define the final gene list. FDR represents the probability 1054 
that a couple will conceive a child affected by a specific gene�c condi�on on the screening 1055 
panel. The overarching aim is to maximise clinical u�lity by priori�sing condi�ons where there 1056 
is a meaningful probability of iden�fying ARCs, whilst avoiding the inclusion of condi�ons so 1057 
rare that their contribu�on to popula�on-level reproduc�ve risk is negligible.  1058 

Two broad approaches currently exist:  1059 

• Applying formal carrier frequency (and/or FDR) thresholds to define panel boundaries, 1060 
as recommended by major professional socie�es (ACMG and ACOG). ACOG currently 1061 
recommends a threshold of 1 in 100, meaning that conditions with a carrier frequency 1062 
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equal to or greater than 1 in 100 are suitable for carrier screening. The ACMG, on the 1063 
other hand, supports a slightly lower threshold of 1 in 200 in any ethnic group with a 1064 
meaningful representation in the U.S. population. 1065 

• Adop�ng broader clinically curated panels without a defined carrier frequency cut-off 1066 
(Kirk et al., 2021)(BeGECS gene�c carrier screening program). 1067 

Both have merit and trade-offs, and the choice should be guided by clinical context, available 1068 
resources, and healthcare system infrastructure. 1069 

If the panel design starts with the preselec�on of genes, it is recommended that the ini�al 1070 
candidate list be as comprehensive as possible, capturing all severe and moderate childhood-1071 
onset condi�ons mee�ng the gene selec�on criteria described in the preceding sec�ons, 1072 
including disease severity, gene-disease rela�onship strength, and technical feasibility; 1073 
irrespec�ve of carrier frequency at this stage. Premature exclusion solely on frequency grounds 1074 
risks omi�ng condi�ons of genuine reproduc�ve significance, par�cularly those relevant to 1075 
specific ancestral popula�ons (Ben-Shachar et al., 2019, Schmidtke and Krawczak, 2022). It is 1076 
therefore recommended that the ini�al candidate list capture, at a minimum, all condi�ons 1077 
with a GCF of 1 in 200 in at least one ancestral popula�on with meaningful representa�on in 1078 
the screened cohort, consistent with ACMG Tier 3 guidance (Gregg et al., 2021). This 1079 
represents a floor rather than a ceiling and condi�ons with lower carrier frequencies should 1080 
not be automa�cally excluded where disease severity and gene–disease evidence are 1081 
compelling; their ul�mate inclusion should be determined by FDR analysis. Real-world 1082 
implementa�on of the ACMG Tier 3 panel has demonstrated a clinically meaningful ARC rate 1083 
of approximately 1 in 29, with the panel es�mated to account for over 90% of the autosomal 1084 
recessive disease burden in unrelated non-Finnish European popula�ons (Schmidtke and 1085 
Krawczak, 2022). It is nonetheless acknowledged that broader panels without formal frequency 1086 
cut-offs can substan�ally increase ARC detec�on yield further: Mackenzie's Mission, which 1087 
applied no carrier frequency threshold and screened over 1,300 genes, iden�fied 1.9% of 1088 
couples as at increased risk (Kirk et al., 2024, Kirk et al., 2021). Notably, retrospec�ve analysis 1089 
of the Mackenzie's Mission dataset demonstrated that applying the ACMG-recommended 1090 
gene list to that cohort would have missed approximately 42% of at-risk couples iden�fied 1091 
through the broader panel, underscoring the yield limita�ons inherent to threshold-based 1092 
approaches (Kirk et al., 2024). Such broader approaches, however, demand considerable 1093 
investment in variant cura�on, counselling, and repor�ng infrastructure  (Archibald et al., 1094 
2022). Given the trade-offs inherent to both approaches, an alterna�ve pragma�c approach is 1095 
to apply cumula�ve FDR analysis to a broad preselected gene list in order to define a final panel 1096 
that captures the vast majority of popula�on-level reproduc�ve disease while remaining 1097 
aligned with the resources available for its responsible implementa�on. 1098 

Foetal disease risk thresholds  1099 
FDR is calculated by integra�ng the carrier rates (CR) of both partners along with the mode of 1100 
inheritance - for example, for AR condi�ons, FDR is es�mated as (CR × CR) / 4, and for XLR 1101 
condi�ons as CR_female / 4 (Haque et al., 2016). This informa�on can be presented 1102 

https://www.uzgent.be/sites/default/files/2021-04/genetic-carrier-screening.pdf
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cumula�vely, beginning with condi�ons contribu�ng the highest individual FDR and adding 1103 
successive condi�ons in descending order of contribu�on. In most major ancestral groups with 1104 
substan�al genomic data available, the cumula�ve FDR typically reaches a plateau a�er 1105 
including approximately 150 to 248 genes (Gruzin et al., 2025). This reflects a satura�on point 1106 
beyond which the marginal gain in addi�onal disease risk captured is minimal. This satura�on 1107 
point will vary across popula�ons and should, where possible, be evaluated separately for each 1108 
target popula�on. Laboratories and healthcare providers can choose a relevant FDR threshold 1109 
(informing number of genes in a panel) to balance opera�ons capabili�es and costs along with 1110 
the preferences of individuals undergoing carrier screening.  1111 

 1112 

This approach facilitates more meaningful and transparent communica�on with pa�ents, 1113 
providing a clearer understanding of diagnos�c yield and residual risk than methods based 1114 
solely on arbitrary carrier rate cutoffs. The FDR metric provides a more nuanced measure of 1115 
clinical relevance of a condition than carrier frequency alone. For instance, two conditions may 1116 
have similar carrier rates but vastly different FDRs due to inheritance patterns.  1117 

It is recommended that gene lists are not treated as static. Panels should be subject to 1118 
systematic review at a minimum of every two to three years or more frequently as new 1119 
evidence emerges, with governance structures in place (e.g., defined review processes and 1120 
documentation) to manage additions, removals, and reclassifications in a timely and 1121 
transparent manner (Goldberg et al., 2023, Kirk et al., 2021). 1122 

Recommenda�ons 1123 

ECS panel design should follow a structured, transparent, and evidence-based process. 
Laboratories may adopt either a clinical-first or data-driven approach, depending on clinical 
context and available resources. 
Panels should priori�se severe and profound childhood-onset condi�ons; moderate 
condi�ons may be included where they have a meaningful impact on reproduc�ve decision-
making.  
Mild, low-penetrance, or adult-onset condi�ons should not be included. 
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Only genes with well-established gene–disease rela�onships should be included, based on 
structured evalua�on frameworks. Genes with limited or conflic�ng evidence should not be 
included. 
ECS should be implemented as a pan-ethnic screening approach. Differences in carrier 
frequency across popula�ons should be considered, and popula�on-specific adapta�ons 
may be applied where jus�fied. 
Gene carrier frequency es�mates should be derived from datasets with adequate sample 
size, appropriate popula�on representa�on, and robust methodological quality. Where 
feasible, mul�ple independent data sources should be used.  
Laboratories should meet established best-prac�ce standards, including use of validated 
public variant databases, explicit acknowledgment of gene-specific technical limita�ons, and 
the applica�on of confirmatory methods where appropriate.  
ECS panels should be regularly reviewed and updated, with transparent processes for the 
addi�on or removal of condi�ons. 

 1124 

Laboratory Techniques and Assay Design: Sequencing and orthogonal Methods 1125 

ECS relies on a combina�on of molecular methods designed to detect clinically ac�onable 1126 
variants across a broad range of genes associated with AR and XLR disorders. Modern 1127 
laboratory workflows integrate HTS, targeted variant detec�on, and orthogonal/ 1128 
supplementary confirma�on strategies to achieve high analy�c sensi�vity and clinical validity 1129 
(Table 4). The selec�on of laboratory techniques depends on the variant type, gene structure, 1130 
and laboratory throughput. Since there are mul�ple types of disease-causing variants, 1131 
including single-nucleo�de subs�tu�ons, inser�ons/ dele�ons, copy number changes, gene 1132 
conversions, repeat expansions, and structural variants; it is challenging for a single molecular 1133 
technique to capture all types of variants. Laboratories therefore use a combina�on of 1134 
molecular methods and bioinforma�c pipelines in validated clinical workflows. The 2024 ACMG 1135 
technical standard outlines minimum methodological expecta�ons for laboratories offering 1136 
preconcep�on and prenatal carrier screening and emphasises transparent repor�ng of assay 1137 
scope and their respec�ve limita�ons (Guha et al., 2024). 1138 

1. High-throughput sequencing 1139 
Short-read HTS remains the principal analy�cal pla�orm for ECS due to its scalability, high 1140 
throughput, and ability to interrogate dozens to hundreds of genes simultaneously. Within ECS 1141 
workflows, HTS is used to sequence DNA libraries generated for either targeted gene panels 1142 
(TGP), WES or, less commonly used, whole genome sequencing (WGS) (Satam et al., 2023, 1143 
Slatko et al., 2018).  1144 

TGP are restricted to a predefined set of variants or full genes analysis and typically include 1145 
coding exons with flanking intronic regions, though deeper intronic or regulatory regions may 1146 
be included when clinically relevant. Sequencing libraries for TGPs are typically prepared using 1147 
either amplicon-based enrichment or DNA hybridisa�on capture methods, enabling efficient 1148 
coverage of targeted genomic regions, effec�ve use of sequencing capacity, and reduced 1149 
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computa�onal burden. At sufficient depth of coverage, TGPs can demonstrate high analy�cal 1150 
sensi�vity for single-nucleo�de variants (SNVs) and small indels within targeted regions. 1151 
Nonetheless, detec�on accuracy may be reduced for copy-number variants (CNVs) and for 1152 
technically challenging genomic regions, including those with high GC content or complex 1153 
sequence structure. For these regions, orthogonal methods such as MLPA, Sanger sequencing, 1154 
or qPCR are o�en required, to maintain high clinical sensi�vity across all relevant variant 1155 
classes within the targeted genes. A key limita�on of TGPs is their fixed content: incorpora�ng 1156 
newly emerging disease genes or clinically relevant variants o�en requires redesigning capture 1157 
probes or amplicons and extensive wet-lab redevelopment and valida�on. As clinical evidence 1158 
evolves, this rigidity constrains rapid assay updates and precludes retrospec�ve analysis of 1159 
genes not originally included, limi�ng flexibility compared with broader sequencing 1160 
approaches such as WES or WGS. 1161 

As sequencing costs con�nue to decrease and analy�cal pipelines evolve, WES and WGS offer 1162 
broader and more flexible alterna�ves for ECS. In current clinical prac�ce, WES is more widely 1163 
adopted for ECS because it focuses sequencing of protein-coding regions, where most known 1164 
disease-causing variants reside, reducing data-genera�on and storage requirements rela�ve 1165 
to WGS; while s�ll providing extensive clinically relevant genomic coverage. Because WES 1166 
targets all protein-coding regions and WGS interrogates essen�ally the en�re genome, both 1167 
approaches generate comprehensive datasets from which ‘virtual’ gene panels can be 1168 
constructed. As clinical evidence evolves, the ECS panel content can be modified in silico 1169 
without altering the wet-lab workflow, enabling rapid incorpora�on of newly validated disease 1170 
genes or variants. In addi�on, retained sequence data allow retrospec�ve reanalysis to assess 1171 
addi�onal genes or variant types not included in the ini�al analysis, which is not possible with 1172 
fixed TGP designs. WES targets the protein-coding regions of the genome and flanking intronic 1173 
sequences, using capture or amplifica�on techniques to enrich these loci prior to sequencing. 1174 
Since coverage across the exome can be uneven, certain regions may have insufficient depth 1175 
or quality, poten�ally lowering analy�cal sensi�vity rela�ve to targeted panels; as a result, 1176 
supplemental assays are o�en required to fill coverage gaps or assess difficult regions. In 1177 
contrast, WGS does not rely on enrichment steps and therefore generates more uniform 1178 
coverage across the genome. This enables simultaneous detec�on of SNVs, CNVs, repeat 1179 
expansions, and other variant classes. However, typical WGS workflows produce lower read 1180 
depth than WES or TGPs, which may reduce sensi�vity for some variants.  1181 

2. Orthogonal/ supplementary methods 1182 
Laboratories should recognise when the DNA sequence characteris�cs of specific genes 1183 
complicate variant detec�on or interpreta�on and determine when supplementary methods 1184 
are needed to ensure adequate coverage of clinically relevant variant types. Certain genes 1185 
contain pseudogenes, recurrent inversions, segmental duplica�ons, or other architectures that 1186 
limit standard short-read HTS performance. Laboratories should predefine orthogonal 1187 
workflows, used either as primary assays for difficult loci or as confirma�on of HTS findings in 1188 
order to ensure high sensi�vity for such variants.  1189 
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Common examples of technically challenging gene analysis include: CYP21A2 gene, where high 1190 
homology to CYP21A1P and complex gene rearrangements necessitates locus-specific long-1191 
range PCR with downstream HTS or Sanger sequencing; F8 intron-22 and intron-1 inversions, 1192 
best detected with inverse (shi�ing) PCR or validated ddPCR assays; SMN1/SMN2 copy-number 1193 
assessment for SMA, for which MLPA remains a clinical reference method with qPCR or droplet 1194 
digital PCR (ddPCR) as validated alterna�ves; and HBA1/HBA2 (α-globin) 1195 
dele�ons/duplica�ons, typically assayed by gap-PCR and/or MLPA. FMR1 CGG repeat 1196 
expansions, associated with fragile X-related disorders, are typically detected using triplet-1197 
primed PCR (TP-PCR), o�en in combina�on with capillary electrophoresis or Southern blot for 1198 
sizing. Genes with closely related pseudogenes such as GBA1/GBAP1 may also require long-1199 
range PCR or long-read sequencing to resolve recombinant alleles and complex 1200 
rearrangements. Test menus should specify when orthogonal methods are reflexed, and 1201 
valida�on reports should document assay limits and gene-specific blind spots. 1202 

Table 4. Overview of laboratory methods used in ECS, including detectable variant types, representative genes, and 1203 
technical considerations. 1204 

Method Variant Classes Gene Examples Notes 
HTS (hybrid-capture 
or amplicon) 

SNVs, small indels; 
some CNVs 

CFTR, PAH, GALT Primary pla�orm for most 
ECS panels 

HTS CNV callers Mul�-exon 
dele�ons/duplica�ons 

GJB2, STRC, DMD Performance depends on 
gene coverage, uniformity; 
valida�on required 

MLPA Exon-level CNVs, gene 
conversions 

SMN1, HBA1/HBA2, 
DMD 

Gold standard for SMA and 
α-thalassemia 

qPCR Gene-level copy 
number 

SMN1, CYP21A2 High precision; suited for 
silent-carrier detec�on 

Inverse PCR/ddPCR Recurrent inversions 
and complex 
rearrangements 

F8 Detects F8 intron-22 and 
intron-1 inversions not 
reliably iden�fied by short-
read HTS; widely used in 
haemophilia A tes�ng 

Triple-primed PCR  Repeat expansions FMR1, FXN Needed for sizing large 
repeats  

Long-range PCR Pseudogene 
resolu�on, gene 
conversions 

GBA/GBAP, 
CYP21A2/21A1P, 
SMN1/SMN2 

Resolves high homology 
regions; o�en followed by 
Sanger sequencing or short 
read HTS. 

Long-read 
sequencing 

Repeat expansions, 
homology, structural 
variants 

FMR1, FXN, GBA Emerging clinical adop�on 

 1205 

Technical Considera�ons for Variant Detec�on and Bioinforma�cs considera�ons 1206 

Accurate variant detec�on in ECS requires validated bioinforma�c pipelines for sequencing 1207 
data alignment, variant calling, annota�on, and CNV inference. Analy�cal performance, 1208 
including sensi�vity and specificity, must be well established for all relevant variant classes 1209 
including SNVs, small indels, CNVs, and other variants in complex genomic loci as these 1210 
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parameters differ across methods and genes. DNA regions with pseudogenes, segmental 1211 
duplica�ons, or extreme GC content warrant par�cular scru�ny due to increased false-posi�ve 1212 
and false-nega�ve rates.  1213 

Many clinical laboratories rely on third-party or external bioinforma�c pipelines for core NGS 1214 
processing steps, including read alignment, variant calling, and annota�on. When using these 1215 
tools, it is essen�al that their performance characteris�cs are well understood, appropriately 1216 
validated, and periodically re-evaluated; par�cularly a�er major so�ware, algorithm, or 1217 
database updates. Alignment should be performed against a validated reference genome build 1218 
(GRCh37 or GRCh38), and the reference assembly, annota�on tools, and downstream analysis 1219 
pipeline must all use the same build to avoid coordinate or annota�on discrepancies. 1220 
Consistent transcript selec�on is also cri�cal for accurate variant interpreta�on, as many genes 1221 
have mul�ple transcripts with alterna�ve exons and differing clinical relevance. Standardised 1222 
transcript sets such as MANE Select and MANE Plus Clinical help ensure uniform interpreta�on 1223 
across laboratories and allow variant annota�ons to remain compa�ble with widely used 1224 
resources, including ClinVar and other curated variant databases. 1225 

Exon-level CNVs represent an important pathogenic mechanism in several ECS-relevant genes, 1226 
including SMN1, DMD, GJB2, and HBA1/HBA2. HTS based CNV callers can iden�fy many of 1227 
these variants, however their performance varies across sequencing pla�orms and 1228 
bioinforma�c pipelines. Their sensi�vity is influenced by read depth, coverage uniformity, GC 1229 
content, and the size of the event. Robust valida�on studies are therefore required to 1230 
characterise CNV-calling performance, define analy�cal thresholds, and establish assay 1231 
limita�ons. When sensi�vity for specific CNV classes is insufficient, confirma�on with 1232 
orthogonal methods may be necessary. 1233 

Recommenda�ons 1234 

ECS may be performed using TGPs, WES, or WGS. The selected approach should be 
jus�fied based on clinical scope, laboratory resources, and the an�cipated need for future 
panel expansion or variant reinterpreta�on 
Laboratories should validate and document analy�cal sensi�vity and specificity for single-
nucleo�de variants (SNVs), small inser�ons/dele�ons (indels), copy-number variants (CNVs), 
and other structural variants, and reassess performance following any significant changes to 
assay chemistry, bioinforma�cs pipelines, or instrumenta�on. 
Gene-level coverage metrics and technically challenging genomic regions (e.g., 
pseudogenes, regions of high sequence homology, repe��ve elements, or extreme GC 
content) should be systema�cally evaluated. Known technical limita�ons affec�ng variant 
detec�on must be clearly documented and reported. 
When HTS-based detec�on is unreliable or insufficient, par�cularly for CNVs or technically 
challenging regions, orthogonal methods (e.g., Sanger sequencing, MLPA, qPCR, or long-
range PCR) should be employed to supplement or confirm variant detec�on, as appropriate. 

 1235 



43 
 

Good Prac�ce Recs on ECS 

Quality assurance and standards 1236 

The implementa�on of ECS requires stringent quality management (QM) and accredita�on of 1237 
the gene�c laboratory to ensure accuracy of the tes�ng process and reliable results. High-1238 
quality laboratory prac�ces and validated interpreta�on of results are cri�cal to provide high 1239 
and consistent quality service to the pa�ents and have a direct impact on their reproduc�ve 1240 
choices (Moyer et al., 2025). 1241 

Effec�ve QM for ECS involves four key elements: planning, control, assurance, and 1242 
improvement (Moyer et al., 2025). Quality planning requires standard opera�ng procedures 1243 
(SOPs) covering all tes�ng stages, from panel design, to sample collec�on, data analysis and 1244 
repor�ng. Quality control (QC) includes internal controls, risk assessments, proficiency tests, 1245 
and regular equipment and reagent valida�on. Quality assurance is achieved through 1246 
par�cipa�on in internal and external quality assessment (IQA/EQA) programs, enabling 1247 
laboratories to benchmark performance. Several EQA schemes exist for both the technical 1248 
aspects of HTS-based tes�ng and variant interpreta�on, including the recent GenQA pilot 1249 
scheme for reproduc�ve ECS, which provides an external proficiency framework for providers 1250 
(htps://genqa.org/eqas/RPCS). Quality improvement uses insights from these ac�vi�es to 1251 
op�mize laboratory processes. In addi�on to the four tradi�onal pillars of quality management, 1252 
the procedure specifically for an HTS based laboratory tes�ng, requires robust bioinforma�cs 1253 
pipeline and secured data storage, due to the large volumes of gene�c data generated through 1254 
processing.  1255 

Accredita�on by recognised professional bodies is a key indicator that laboratories meet high 1256 
standards of quality and is closely linked to effec�ve QM. Laboratories should pursue 1257 
accredita�on from organisa�ons such as the College of American Pathologists (CAP; 1258 
htps://www.cap.org/) or the Interna�onal Organiza�on for Standardiza�on (ISO 15189; 1259 
htps://www.iso.org/standards.html), which provide guidelines on laboratory quality and 1260 
competency. Thorough documenta�on of all processes, QC measures, proficiency tes�ng 1261 
results, and consistent repor�ng is essen�al for clinical reliability. Finally, accredita�on requires 1262 
a commitment to con�nual improvement, with regular process review and op�miza�on 1263 
informed by proficiency tes�ng, audit feedback, and scien�fic advances. 1264 

Achieving high specificity is cri�cal in ECS to prevent false-posi�ve carrier designa�ons, which 1265 
can lead to unnecessary anxiety and addi�onal tes�ng. Specificity is ensured through high-1266 
fidelity sequencing or genotyping protocols with stringent quality thresholds, the use of well-1267 
curated variant interpreta�on frameworks, and confirma�on of reportable variants with 1268 
orthogonal methods, par�cularly for technically challenging regions. Ongoing proficiency 1269 
tes�ng, inter-laboratory comparisons, and adherence to guidelines such as those from the 1270 
ACMG on variant cura�on and technical considera�ons further support assay accuracy and 1271 
reliable clinical repor�ng (Rivera-Muñoz et al., 2018). 1272 

Overall, the quality of all gene�c tes�ng is highly dependent on current scien�fic knowledge 1273 
and technological competence. Effec�ve QM, coupled with accredita�on and adherence to 1274 

https://genqa.org/eqas/RPCS
https://www.cap.org/
https://www.iso.org/standards.html
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best-prac�ce standards, is therefore essen�al to ensure that ECS is reliable, accurate, and, 1275 
most importantly, clinically meaningful. 1276 

Recommenda�ons 1277 

Par�cipa�on in EQA schemes is recommended.  
Laboratories should pursue accredita�on from organisa�ons which provide guidelines on 
laboratory quality and competency. 
Adherence to relevant na�onal and interna�onal best-prac�ce guidelines is recommended.  

 1278 

Conclusion  1279 
These ESHRE Good Prac�ce Recommenda�ons on ECS serve as a comprehensive guide to 1280 
prac��oners currently offering or considering offering ECS to pa�ents. The recommenda�ons 1281 
in this Good Prac�ce Recommenda�ons paper are supported by data from the literature, if 1282 
available, and the exper�se of the working group. These recommenda�ons are intended to 1283 
complement previously published guidance documents (ACOG, 2017a, Capalbo et al., 2022, 1284 
Edwards et al., 2015, Vendrell et al., 2025). This ESHRE Good Prac�ce Recommenda�ons paper 1285 
provides recommenda�ons on core principles for eligibility, �ming, panel design, result 1286 
interpreta�on, counselling, and ethical governance. Central to these recommenda�ons is the 1287 
recogni�on that ECS is a screening tool aimed at iden�fying reproduc�ve risk, rather than a 1288 
diagnos�c test, and that its primary objec�ve is to support reproduc�ve autonomy through 1289 
informed choice. 1290 

 Table 5 Summary of ESHRE’s recommendations for the application of ECS in MAR 1291 

Future areas for research 1292 

Emerging challenges and opportuni�es in ECS 1293 

ECS remains important in the current healthcare landscape, which is only able to treat a limited 1294 
number of the thousands of known gene�c diseases. While the number of condi�ons being 1295 
successfully managed with novel orphan drugs and emerging technologies, including gene 1296 
therapies, is steadily increasing, this progress remains slow, costly, and constrained by 1297 
stringent regulatory frameworks — limi�ng their integra�on into mainstream healthcare for 1298 

Popula�on Timing  Condi�ons  Repor�ng  Consent  Counselling  Partner 
Tes�ng  

Quality & Notes  

MAR 
PATIENTS, 
GAMETE 
DONORS 

Preconcep�on 
preferred to 
ensure all 
reproduc�ve 
op�ons are 
available 

Priori�ze inclusion of 
serious, early-onset, 
and clinically well-
defined AR and XLR 
disorders with clear 
genotype-phenotype 
correla�ons.  
Condi�ons tested in 
newborn screening 
should be included 
when they provide 
reproduc�ve benefit. 

Only clinically significant 
variants reported (P/LP).  
Two ECS repor�ng 
models can be 
considered:  
1. Individual repor�ng 
2. Combined repor�ng 
assessing the 
reproduc�ve risk (couple 
report in autologous 
cycles or gene�c 
matching report in 
gamete dona�on cycles).  

Pre-test 
informa�on 
mandatory 
with sufficient 
�me to 
decide. 
Consent must 
ensure 
informed and 
voluntary 
par�cipa�on.  

Generic pre-test 
informa�on for all; 
post-test counselling 
mandatory for 
carrier couples. 
Counselling to 
include discussion 
on residual risk, test 
limita�ons and 
implica�ons for 
rela�ves  

 Simultaneous 
tes�ng is 
preferred for 
immediate risk 
assessment and 
to avoid delays. 

Par�cipa�on in EQA 
schemes 
Laboratory 
accredita�on  
Adherence to 
guidelines/ 
recommenda�ons 
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the vast majority of affected individuals (Boycot et al., 2013, Tambuyzer et al., 2020). At the 1299 
same �me, ongoing advances in gene�c research are expected to generate new evidence on 1300 
gene-disease associa�ons and variant interpreta�on, suppor�ng the con�nuous refinement 1301 
and expansion of ECS panels (Strande et al., 2017). As a result, preconcep�on and prenatal 1302 
carrier screening remain, to date, the most effec�ve strategy for preven�ng the birth of 1303 
severely affected children, and ECS con�nues to be a vital tool for iden�fying gene�c risks in 1304 
reproduc�ve medicine (Henneman et al., 2016, Kirk et al., 2024). 1305 

Looking ahead, technological advances are revealing an expanding landscape of non-coding 1306 
genes with recessive inheritance underlying severe childhood condi�ons. To date, only a 1307 
handful of such genes have been firmly linked to severe disease — most notably small nuclear 1308 
RNAs involved in splicing, such as RNU4-2, RNU2-2, and RNU4ATAC — which typically cause 1309 
profound neurodevelopmental or mul�system disorders (Baillat & Bhat, 2024; Emmet et al., 1310 
2024; Holling et al., 2024). However, this small number reflects historical limita�ons rather 1311 
than true biological rarity: clinical sequencing has historically focused on protein-coding 1312 
regions, leaving non-coding genes largely underexplored (Encode Project Consor�um, 2012, 1313 
Ma�ck et al., 2023). As large popula�on studies begin to characterise the carrier frequency 1314 
and disease burden associated with these loci, ECS panels may need to expand to include them 1315 
— applying the same ra�onale underpinning current screening: if a gene contributes 1316 
significantly to severe, early-onset disease and carriers are not extremely rare, iden�fying at-1317 
risk couples carries clear clinical value (Gregg et al., 2021, Sagaser et al., 2023). 1318 

Incorpora�ng non-coding genes into ECS will not be straigh�orward, however. It will likely 1319 
require broader adop�on of WGS over exome-based approaches, alongside improved 1320 
frameworks for non-coding variant interpreta�on — since many clinically relevant variants lie 1321 
outside coding regions, are harder to assess func�onally, and are frequently missed or filtered 1322 
out by current bioinforma�cs pipelines (Jaganathan et al., 2019, Rentzsch et al., 2021, Smedley 1323 
et al., 2021). In summary, while we are at an early stage — with few genes iden�fied so far — 1324 
the poten�al for expansion is substan�al, and could meaningfully reshape future carrier 1325 
screening as both genomic evidence and sequencing technologies con�nue to evolve (Boycot 1326 
et al., 2013, Gilissen et al., 2014). 1327 

Expanding the scope of preconcep�on genomics  1328 

As ECS increasingly relies on high-throughput sequencing technologies, the poten�al 1329 
iden�fica�on of secondary findings represents an important area for future research. Clear 1330 
frameworks are needed to define which findings, if any, should be ac�vely sought or reported 1331 
beyond the primary reproduc�ve scope of ECS. This includes evalua�ng the clinical relevance, 1332 
ac�onability, and ethical implica�ons of repor�ng medically ac�onable variants unrelated to 1333 
reproduc�ve risk, while ensuring that ECS remains primarily focused on reproduc�ve decision-1334 
making. 1335 
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Secondary findings  1336 
An area of emerging interest concerns the broader health implica�ons of infer�lity itself. 1337 
Epidemiological studies increasingly suggest that both male and female infer�lity may 1338 
represent an early marker of increased risk for certain chronic condi�ons later in life. 1339 
Preliminary evidence has suggested that individuals presen�ng with infer�lity may carry a 1340 
higher burden of pathogenic variants in genes included in medically ac�onable gene lists, such 1341 
as those proposed by the ACMG (Lee et al., 2025b).In this context, the preconcep�on period 1342 
may provide a unique opportunity to iden�fy individuals with an increased gene�c risk profile 1343 
at an earlier stage of life, poten�ally enabling �mely preven�ve strategies.  1344 

However, the poten�al expansion of ECS to include gene�c risk factors for non-reproduc�ve 1345 
condi�ons requires careful evalua�on. Current ECS assays are primarily designed and validated 1346 
for carrier screening genes and are not analy�cally op�mised for diagnos�c tes�ng of genes 1347 
associated with medically ac�onable adult-onset disorders. Expanding the scope of ECS to 1348 
include such genes would therefore require substan�al analy�cal adapta�ons, rigorous 1349 
preclinical valida�on, and careful considera�on of ethical, counselling, and health-system 1350 
implica�ons. Further research is needed to assess the clinical validity, u�lity, and psychosocial 1351 
impact of incorpora�ng broader genomic risk informa�on into preconcep�on screening 1352 
programs. 1353 

Infertility, embryonic lethality, and recessive causes of pregnancy loss 1354 
Future research should explore the poten�al inclusion of genes associated with infer�lity 1355 
phenotypes and adverse reproduc�ve outcomes within ECS frameworks. Emerging evidence 1356 
suggests that pathogenic variants linked to embryonic or fetal lethality may contribute to 1357 
unexplained reproduc�ve failure, including implanta�on failure and miscarriage (Arnado�r et 1358 
al., 2025). In addi�on, recessive monogenic condi�ons leading to such outcomes may 1359 
represent another relevant category. Recent studies indicate that a propor�on of pregnancy 1360 
losses in chromosomally normal foetuses may be atributable to inherited monogenic 1361 
disorders, which in principle could be an�cipated through preconcep�on ECS. Integra�on with 1362 
established infer�lity-related gene�c tes�ng may contribute to earlier iden�fica�on of 1363 
underlying causes of reproduc�ve failure, more personalised clinical management, and 1364 
improved reproduc�ve planning. 1365 

However, the current evidence base suppor�ng many candidate genes remains limited. 1366 
Uncertain penetrance, variable expressivity, and incomplete genotype phenotype correla�ons 1367 
may increase the likelihood of ambiguous findings and complicate counselling. Furthermore, 1368 
many studies describing genes associated with oocyte matura�on defects or embryonic 1369 
developmental arrest have been conducted in specific ancestral popula�ons or 1370 
consanguineous families, limi�ng the generalisability of these associa�ons to broader 1371 
popula�ons. Prospec�ve studies will therefore be required to validate these gene�c 1372 
associa�ons, define clinically meaningful predic�ve values, and establish evidence-based 1373 
frameworks for counselling and informed reproduc�ve decision-making. 1374 
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Despite these limita�ons, expanding preconcep�on genomic tes�ng to include carefully 1375 
curated infer�lity related and embryonic lethal genes represents a promising area of research. 1376 
If appropriately validated, such approaches may increase the diagnos�c yield of genome-based 1377 
tes�ng in preconcep�on screening and improve understanding of the gene�c architecture 1378 
underlying reproduc�ve failure. 1379 

Implementa�on challenges, equity, and governance of ECS programs 1380 

Future research should also focus on the prac�cal implementa�on of ECS within diverse 1381 
healthcare systems. Despite growing interest, integra�ng ECS into exis�ng reproduc�ve care 1382 
pathways, including MAR programs, remains challenging. Key barriers include limited 1383 
availability of trained gene�c counsellors or clinical gene�cists, the need for validated 1384 
alterna�ve delivery models (e.g., digital or mainstreamed), differences in laboratory capacity 1385 
and accredita�on standards, and variability in reimbursement policies across healthcare 1386 
systems. Research is therefore needed to iden�fy scalable models for delivering ECS, including 1387 
innova�ve counselling approaches, digital decision-support tools, and mul�disciplinary care 1388 
pathways. 1389 

Ensuring equitable access represents another important priority, as differences in funding 1390 
models, availability of gene�c services, and na�onal regulatory frameworks may lead to 1391 
dispari�es in access across healthcare systems, par�cularly in the context of cross-border 1392 
reproduc�ve care. In parallel, the ethical framework governing ECS implementa�on requires 1393 
ongoing aten�on. A longstanding tension exists between the autonomy paradigm — which 1394 
priori�ses informed reproduc�ve choice — and the preven�ve aim of reducing the incidence 1395 
of severe gene�c condi�ons, with the addi�onal obliga�on of considering the welfare of the 1396 
future child. The prevailing consensus holds that ECS should be offered as a voluntary, non-1397 
direc�ve screening op�on, empowering individuals and couples without exer�ng moral 1398 
pressure — a concern par�cularly relevant in MAR, where pa�ents may be especially 1399 
vulnerable to the commercialisa�on or "upselling" of gene�c tests. At the same �me, a more 1400 
direc�ve approach may be ethically jus�fied for couples iden�fied as being at high risk for a 1401 
serious AR condi�on, where considera�ons of the future child's wellbeing may appropriately 1402 
inform clinical guidance. In the context of gamete dona�on, these ethical considera�ons are 1403 
further amplified, as single donors are frequently used across mul�ple families, increasing the 1404 
poten�al popula�on-level impact of undetected carrier status. Harmonising ethical standards 1405 
across jurisdic�ons — including criteria for donor screening, management of incidental 1406 
findings, matching test policies, and protocols for at-risk couples — remains an unresolved 1407 
challenge that future research and policy work should priori�se. 1408 

At the same �me, the increasing use of genomic sequencing technologies in ECS raises 1409 
important considera�ons regarding data governance, privacy, and long-term management of 1410 
genomic data. Future studies should support the development of harmonised frameworks for 1411 
secure data storage, responsible sharing of variant informa�on, and appropriate mechanisms 1412 
for variant reinterpreta�on and pa�ent recontact as knowledge evolves. Finally, systema�c 1413 
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evalua�on of real-world outcomes will be essen�al to assess the clinical u�lity of ECS programs. 1414 
Embedding standardised outcome metrics, longitudinal follow-up, and registry-based 1415 
evalua�on will help clarify the impact of ECS on reproduc�ve decision-making, psychosocial 1416 
wellbeing, and clinical outcomes such as �me to pregnancy and use of reproduc�ve op�ons. 1417 
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Abbrevia�on Explana�on 
ACMG American College of Medical gene�cs and genomics 
ACOG American College of Obstetricians and Gynaecologists 
AR Autosomal Recessive 
ARC/ARCs At-Risk Couple(s) 
B Benign 
CAP College of American Pathologists 
CCMG Canadian College of Medical Gene�cists 
CF Cys�c Fibrosis 
CLIA Clinical Laboratory Improvement Amendments 
CNV Copy Number Variant 
CR Carrier Rate 
ECS Expanded Carrier Screening 
ESHG European Society of Human Gene�cs 
ESHRE European Society of Human Reproduc�on and Embryology 
FDR Fetal Disease Risk 
FMR1 Fragile X Messenger Ribonucleoprotein 1 
FSH Follicle-S�mula�ng Hormone 
FXS Fragile X Syndrome 
GCF Gene Carrier Frequency 
GCS Gene�c Carrier Screening 
GDR Gene-disease rela�onship 
GPR Good Prac�ce Recommenda�on 
HGSA Human Gene�cs Society of Australasia 
HTS High-Throughput Sequencing 
IANZ Interna�onal Accredita�on New Zealand 
IF/IFs Incidental Finding(s) 
ISO Interna�onal Organisa�on for Standardisa�on 
IVF In vitro Fer�lisa�on 
JSHG Japan Society of Human Gene�cs 
LB Likely Benign  
LLM Large Language Model 
LP Likely Pathogenic  
MAR Medically Assisted Reproduc�on 
MLPA Mul�plex Liga�on-dependent Probe Amplifica�on 
NATA Na�onal Associa�on of Tes�ng Authori�es 
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NGS Next Genera�on Sequencing 
NIPT Non-invasive prenatal tes�ng 
NSGC Na�onal Society of Gene�c Counsellors 
P Pathogenic  
PGT-M Preimplanta�on Gene�c Tes�ng for Monogenic Disease 
PND Prenatal Diagnosis 
POI Primary Ovarian Insufficiency 
QC Quality Control 
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SF/SFs Secondary Finding(s) 
SIG Special Interest Group 
SMA Spinal Muscular Atrophy 
SMN1 Survival Motor Neuron 1 
SNV Single-Nucleo�de Variant 
SOP Standard Opera�ng Procedure 
TGP Targeted Gene Panel 
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VCF Variant carrier frequencies 
VUS Variants of uncertain significance 
WES Whole Exome Sequencing 
WG Working group 
WGS Whole Genome Sequencing 
XLR X-Linked Recessive 
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Supplementary Data S2 - List of recommenda�ons 1726 

 Recommenda�ons 
1. Clinical implementa�on 

1.1 All individuals undergoing MAR, including gamete donors, are eligible for ECS. 
 The preconcep�on period is the preferred �ming for ECS in MAR to maximise clinical and 

reproduc�ve benefit. 
 It is recommended to do simultaneous tes�ng of both partners. 
1.2 ECS panels developed through transparent, evidence-based processes aligned with 

professional society guidelines should be selected. 
 Serious, early-onset, and clinically well-defined AR and XLR disorders with clear genotype-

phenotype correla�ons should be priori�sed. 
 Panel inclusion should not be restricted to condi�ons currently eligible for PGT-M or 

listed in na�onal pre-approved gene lists, provided they meet established clinical validity 
and severity criteria. 

 Condi�ons included in newborn screening programs should be considered for inclusion 
when they provide clear reproduc�ve benefit. 

 Gene panels should undergo periodic re-evalua�on to incorporate newly validated gene–
disease associa�ons, improved variant annota�on, and refined severity frameworks. 

 Clear documenta�on should be available on the methodologies used to define gene-
panel content, and repor�ng policies. 

 ECS test should be analy�cally validated, performed in an accredited laboratory, and 
accompanied by clear and clinically interpretable reports. 

 Repor�ng should be limited to pathogenic and likely pathogenic variants. 
1.3 Two ECS repor�ng models can be considered: 

1. Individual repor�ng: each individual receives their own ECS report, with results 
interpreted in the context of the specific couple. 

2. Combined repor�ng: a combined report assessing the reproduc�ve risk is 
provided (couple report in autologous cycles or gene�c matching report in 
gamete dona�on cycles). 

 The choice of repor�ng strategy should be guided by available resources and local 
regula�ons during gene�c counselling. 

 Individuals should retain the right to access their personal gene�c informa�on, regardless 
of the repor�ng model used. 

 All tested individuals, including donors, should have the opportunity to opt in or opt out 
of receiving individual-level results. 

 ECS may reveal incidental findings; this must be disclosed in the consent and individuals 
should have the op�on to opt out of receiving such findings. 

 Interpreta�on of ECS results should be seen in a binary high vs low risk fashion. 
 When panels differ between partners/donor–recipient, an alterna�ve is performing reflex 

tes�ng (“match tes�ng”), in which ECS is first performed in one partner, and the 
counterpart is subsequently tested only for the genes or variants iden�fied. 

2. Gene�c counselling and informed consent  
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2.1 Gene�c counselling is essen�al for all individuals/couples considering ECS due to the 
test’s screening nature, implica�ons, and limita�ons. 

 Pre-test gene�c counselling should be provided to support autonomous, informed 
reproduc�ve decision-making. 

 Pre-test gene�c counselling should provide clear educa�on on the op�onal nature, scope, 
limita�ons, residual risk, possible incidental findings, and poten�al reproduc�ve 
implica�ons of ECS to support fully informed, autonomous decision-making before 
tes�ng. 

 Informed consent should be obtained prior to ECS and should explicitly document that 
individuals/couples have been informed about the scope, limita�ons and implica�ons of 
tes�ng. 

2.2 Post-test counselling should be mandatory for the at-risk couples and individuals with a 
posi�ve result. 

 Post-test counselling should be recommended for couples at low risk. Other pathways are 
acceptable, given that these are validated. 

 Post-test gene�c counselling should deliver result-specific guidance tailored to the level 
of risk, and including clinical implica�ons, residual risk, emo�onal impact, family 
communica�on, and reproduc�ve op�ons. 

 Referral to appropriate specialist care should be ensured in cases of high-risk results or 
clinically significant incidental findings. 

 Gene�c counselling may be performed either individually or in the presence of both 
members of the couple, depending on the nature of the result; couple-based counselling 
is par�cularly recommended for high-risk results, whereas individual counselling may be 
acceptable for low-risk results. 

2.3 Informed consent should reflect full understanding of ECS’s purpose, nature, benefits, 
limita�ons, and implica�ons for the individual and family. 

 Donors should be able to receive their results; the consent form should also men�on that 
donors can opt out of receiving their results. 

2.4 It is recommended not to reject donors only based on their carrier status for an AR 
disease. 

 The recipient should be no�fied of reproduc�ve op�ons. 
 Constant monitoring and review of ACRs rates and reproduc�ve decision outcomes is 

recommended to inform and improve ECS prac�ce over �me. 

3. Ethical issues 
 In MAR, ECS should be offered as a voluntary, non-direc�ve screening test to pa�ents 

without known gene�c risks, and individuals should not be pressured to undergo tes�ng 
or to act upon results. 

 Couple iden�fied as carriers for a serious AR condi�on are expected to consider 
preven�ve reproduc�ve op�ons if they wish to conceive through MAR. 

 In gamete dona�on, if the carrier status of the donor is available, three op�ons are 
available: recipients could be  

a) informed of the donor’s carrier status,  
b) only informed of the most frequent and severe pathogenic variant iden�fied, or  
c) not informed about donor carrier status at all.  
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If the recipients are made aware of the posi�ve carrier status of their donor for a severe 
condi�on, they should be offered a ECS or match test, or the possibility to change donor, 
while receiving adequate counselling. 

 If the recipients refuse to take a match test or change donor, they should sign a waiver 
document. The pa�ents’ choice should be respected and not affect the care proposed. 

4. Technical considera�on, technological approaches and future direc�ons. 
4.1-4.5 ECS panel design should follow a structured, transparent, and evidence-based process. 
 Laboratories may adopt either a clinical-first or data-driven approach, depending on 

clinical context and available resources. 
 Panels should priori�se severe and profound childhood-onset condi�ons; moderate 

condi�ons may be included where they have a meaningful impact on reproduc�ve 
decision-making. 

 Mild, low-penetrance, or adult-onset condi�ons should not be included. 
 Only genes with well-established gene–disease rela�onships should be included, based on 

structured evalua�on frameworks. Genes with limited or conflic�ng evidence should not 
be included. 

 ECS should be implemented as a pan-ethnic screening approach. Differences in carrier 
frequency across popula�ons should be considered, and popula�on-specific adapta�ons 
may be applied where jus�fied. 

 Gene carrier frequency es�mates should be derived from datasets with adequate sample 
size, appropriate popula�on representa�on, and robust methodological quality. Where 
feasible, mul�ple independent data sources should be used. 

 Laboratories should meet established best-prac�ce standards, including use of validated 
public variant databases, explicit acknowledgment of gene-specific technical limita�ons, 
and the applica�on of confirmatory methods where appropriate. 

 ECS panels should be regularly reviewed and updated, with transparent processes for the 
addi�on or removal of condi�ons. 

4.6-4.7 ECS may be performed using TGPs, WES, or WGS. The selected approach should be 
jus�fied based on clinical scope, laboratory resources, and the an�cipated need for future 
panel expansion or variant reinterpreta�on 

 Laboratories should validate and document analy�cal sensi�vity and specificity for single-
nucleo�de variants (SNVs), small inser�ons/dele�ons (indels), copy-number variants 
(CNVs), and other structural variants, and reassess performance following any significant 
changes to assay chemistry, bioinforma�cs pipelines, or instrumenta�on. 

 Gene-level coverage metrics and technically challenging genomic regions (e.g., 
pseudogenes, regions of high sequence homology, repe��ve elements, or extreme GC 
content) should be systema�cally evaluated. Known technical limita�ons affec�ng variant 
detec�on must be clearly documented and reported. 

 When HTS-based detec�on is unreliable or insufficient, par�cularly for CNVs or technically 
challenging regions, orthogonal methods (e.g., Sanger sequencing, MLPA, qPCR, or long-
range PCR) should be employed to supplement or confirm variant detec�on, as 
appropriate. 

4.8 Par�cipa�on in EQA schemes is recommended. 
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 Laboratories should pursue accredita�on from organisa�ons which provide guidelines on 
laboratory quality and competency. 

 Adherence to relevant na�onal and interna�onal best-prac�ce guidelines is 
recommended. 

 1727 

  1728 
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Supplementary Data S3 - Recommenda�ons for future research 1729 
 1730 

Longitudinal studies should be conducted to re-evaluate the clinical validity of ECS panel genes 1731 
as popula�on-level genomic databases expand and diversify, and to assess emerging gene-1732 
disease associa�ons — including non-coding genes — to inform the periodic refinement and 1733 
evidence-based expansion of carrier screening panels and related analy�c technologies. 1734 

Research should evaluate the clinical validity, u�lity, psychosocial impact, and health-system 1735 
implica�ons of expanding ECS to include gene�c risk factors for non-reproduc�ve, adult-onset 1736 
condi�ons. 1737 

Future research should explore the inclusion of genes associated with infer�lity phenotypes, 1738 
embryonic lethality, and recessive causes of pregnancy loss within ECS frameworks, with 1739 
rigorous valida�on of genotype-phenotype correla�ons across diverse popula�ons. 1740 

Research should iden�fy and validate scalable, equitable models for ECS delivery across diverse 1741 
healthcare systems, including digital counselling tools, mainstreamed care pathways, and 1742 
mul�disciplinary approaches adaptable to varying resource se�ngs. 1743 

Standardised outcome metrics and registry-based evalua�on tools should be developed to 1744 
enable systema�c assessment of the real-world impact of ECS on reproduc�ve decision-1745 
making, psychosocial wellbeing, and clinical outcomes. 1746 

1747 
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Supplementary Data S4 - List of par�cipants to the stakeholder review 1748 

Reviewer Country Par�cipa�on on behalf of (if any) 
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