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Introduction
Over the past few years, Chromosomal Microarray Analysis (CMA) [i.e. array-Comparative
Genomic Hybridisation (CGH) and single nucleotide polymorphism (SNP)-array analyses] has been
used along with karyotyping in postnatal diagnosis of chromosome anomalies, and at times has
replaced standard karyotyping1.
From several studies, dealing with the application of CMA in prenatal diagnosis, some issues
related to the use of these techniques in this setting became evident. In particular, the lack of
adequate clinical data [most of which are based on ultrasound (US) examinations], the limited
time for reporting and the short time lasting from CMA results, and the parents’ decision about
the pregnancy showed to be extremely sensitive topics. The use of CMA in prenatal diagnosis is
complex, especially when the results are of uncertain significance. Both technical aspects and
psychological implications of prenatal CMA, have been widely discussed at international level,
leading to controversial conclusions2-9.
With the present document, the Italian Society of Human Genetics (SIGU) and the Italian Society of
Obstetric and Gynaecologic Ultrasound and Biophysics Methodologies (SIEOG) are recommending
a shared strategy for implementing the prenatal application of CMA.

A. Purpose and implementation of prenatal testing
Prenatal investigations have two main purposes:
 to screen for Down syndrome (DS), other chromosomal aneuploidies, and congenital
developmental abnormalities;
 to diagnose specific disorders, such as chromosomal imbalances associated with fetal
defects, US anomalies pinpointing to congenital anomalies, inheritable genetic disorders
amenable to be prenatally investigated in case of positive family history.
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The first group of indications includes standard tests offered to all pregnant woman, while the
second group refers to targeted analyses performed only in pregnancies presenting with specific
risk factors.
Several papers discussed the employ of prenatal CMA in a range of circumstances, including
positive biochemical screening pointing to an increased risk of DS; women aged ≥ 35 years;
maternal anxiety; need of a more accurate diagnosis following US and/or cytogenetic results not
fully resolved by standard karyotyping. Comparison between these studies has intrinsic limitations,
due to the differences among the platforms used, in terms of type (i.e. “targeted” platforms
having a non-homogeneous resolution, higher in chromosome regions previously associated to
specific disorders; “whole genome” platforms performing an uniform analysis of all chromosome
regions) and/or resolution power5. In addition to these technical discrepancies, the non-unique
interpretation of copy number variants (CNVs) pathogenicity in some genome discrete regions
should be considered.
CNVs may be classified into five groups: benign; probably benign; of unknown significance (VOUS);
possibly pathogenic; pathogenic. They may arise de novo or be maternally/paternally inherited.
Pathogenic CNVs can be associated to a substantial phenotypic variability and may be
incompletely penetrant. Some CNVs are considered pathogenic or likely pathogenic for a clinical
condition different from the tested indications (incidental findings). Therefore, when ‘clinically
significant’ CNVs are mentioned in reports and papers, it is not always possible to discriminate and
establish if they include also CNVs regarded as “possibly” pathogenic, although not consistent with
the case under examination, which, in other contexts, could be interpreted in a different way5. In
some cases it has been clearly stated that CNVs of “clinical relevance” also include “possibly
pathogenic” CNVs4.
Noteworthy clinical features are often incompletely expressed at prenatal evaluation, ascertained
anomalies are often nonspecific or not fully defined, and, finally, their long term consequences
cannot be always predicted. Taken together, these issues further complicate the CNVs
classification into stringent categories.
With these major limitations in mind, a recent review5 suggested that CMA could increase by
approximately 1% the detection rate of genomic anomalies in samples analyzed for screening
purposes (i.e. parental anxiety, maternal age ≥35, increased risk for DS based on screening), and
up to 7% in pregnancies presenting with US anomalies10-12. The VOUS rate was variable ranging
between 1% and 3%, mainly depending on the employed platform9,13,14. These results point to a
disproportion between the potential diagnostic gain based on CMA and other drawbacks, such as
the presence of VOUS, the complexity and cost of analysis, the problems related to data
interpretation, and the need of an accurate post-test genetic counseling. So far, no Health
Technology Assessment of prenatal CMA is available. As consequence, no cost-benefit ratio, nor
wide scale economic sustainability of CMA for the National Health Service have been investigated.
B. Nuchal Translucency.
Separate considerations were drawn with regard to increased fetal nuchal translucency (NT). This
US marker can be associated with chromosome aneuploidies, prompting NT evaluation in the
combined/integrated screening test. On the other hand, NT increase often resolves spontaneously
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and the pregnancy results in a chromosomally normal developed fetus15. However, NT increase
can be associated with fetal anomalies, such as cardiac abnormalities, extracardiac malformations,
some Mendelian disorders, and spontaneous fetal demise. For these reasons, a dedicated followup of these pregnancies is recommended. In the presence of US anomalies, the laboratory tests
should be driven by the clinical suspicion.
Different studies proposed the use of CMA in the presence of an increased NT, even when NT is an
isolated feature13. Available data, although potentially pointing to an increased detection rate of
chromosome anomalies, do not offer a unique interpretation, because of the low number of
investigated samples, and lack of discussion about associated fetal anomalies. Other studies did
not clarified if isolated NT increase can be regarded as a fetal structural abnormality, or it just
represents an inclusion criteria for CMA. Finally, the pregnancies outcome is unknown, with the
exception of those lumped to the group of fetal anomalies11,14,17.
A recent review of 18 studies12 reported a CNVs incidence of 3.1% (95% C.I. 0.4-5.7) in fetuses with
NT >3.5 mm. Since this figure is the lowest among the fetuses with structural anomalies, it is
assumed that this US marker is not sufficiently specific. Huang et al.17 recently confirmed the
limited benefit of the use of CMA in fetuses with isolated NT. CMA did not identify any pathogenic
CNV of clinical significance out of 215 chromosomally normal fetuses with an increased NT, in
respect to a VOUS rate of 1.4%.
In conclusion, present data are not adequate nor a shared opinion does exist about the use of
CMA in pregnancies with an isolated NT increase. Unfortunately, the quoted studies did not
properly classified the different rates of NT increases, also including cases of cystic hygroma.
SIEOG and SIGU recommend that dedicated prenatal diagnostic trials or pilot screening programs
are devised to ascertain clinical efficacy of CMA applied to pregnancies presenting with fetuses
with isolated NT increase (stratified into distinct measurement intervals), and cystic hygroma.
Otherwise CMA should be reasonably offered in pregnancies presenting with NT significantly
increased (i.e. >5.5 mm), which are at very high risk of abnormal outcome (≥ 70%) and may be
associated with abnormalities detectable at a later follow-up18,19.
The SIGU 2013 Guidelines for cytogenetic diagnosis recommended to store fetal DNA samples in
all pregnancies presenting with an increased NT, undergoing invasive investigations, in order to
make possible CMA analysis or other genetic testing at follow-up, if additional fetal abnormalities
become manifest.
C. Ultrasound anomalies.
The detection of fetal anomalies on US shifts the pregnancy category from low (i.e. physiologic)
risk to moderate or high risk, or even recognizes distinct pathological conditions in pregnancies
originally classified at increased risk. Fetal anomalies can be isolated or multiple, can be the
markers of a syndromic disorder, can be associated with significant early-onset growth restriction
in the absence of major alterations of utero-placental Doppler velocimetry. The so-called soft
markers are not regarded as significant anomalies21, 22.
In the presence of fetal US anomalies, laboratory testing has diagnostic rather than screening
purposes. Whenever a specific diagnosis is suspected, one or more targeted tests can be indicated.
When a precise diagnosis is not possible, CMA may increase the ability to detect chromosome
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imbalances up to 7% when compared to standard karyotyping12,14,16,23. This figure is even higher in
the presence of multiple abnormalities (9.1%)12.
Despite the availability of large case series10, conclusive data on the rate of imbalances detectable
using CMA are not available for the different types of fetal malformations. Therefore, at present a
CMA application procedure linked to distinct anomalies detected by US does not yet exist.
D. Critical issues and management aspects.
Prenatal CMA presents various critical issues at the technical, clinical and psychosocial level. As
reported before, the interpretation of the results can be difficult, in particular in the presence of
VOUS, and because of unavailability of a shared definition of clinically significant CNVs. Indeed,
almost all published results and databases refer to postnatal CMA series, driven by specific clinical
indications. Accordingly, these are often selected cases, usually without complete clinical
phenotyping24,25. Similarly, databases collecting healthy controls do not include clinical data of the
enrolled subjects, making the results not completely reliable26. All these points represent limiting
factors for the proper interpretation of prenatal findings.
Furthermore, many CNVs are associated to disorders displaying variable expression and
incomplete penetrance, or late-onset diseases, raising prognostic doubts when diagnosed during
fetal life. The identification of a variant inherited from an apparently healthy parent can
destabilize health expectations and family balances, and prompts further investigations9. The
impact of this unexpected information on parents is often strong and negative, as shown by a
qualitative study where this experience was reported as “toxic”27.
E. Analytic stage.
The strength of the diagnostic power, which is the major benefit of CMA, needs to be balanced
with the critical issues described above, according to the principles of opportunity and
proportionality.
Prenatal CMA currently lies in a grey area between research and diagnostic28. Available results and
rapid technological developments do not recommend to favor any specific platform for prenatal
testing. Major critical findings include VOUS, susceptibility variants, and variants associated with
late-onset disorders, which need to be elucidated, and carefully handled28. For this reason, it is
mandatory to select a filter for reading and interpreting CMA findings. There are different
procedures, essentially including two main approaches:
 To reduce/restrict the platform resolution power (technical filter). In this case, an analytic
system, allowing a high resolution examination of regions already known to be associated
with distinct disorders, in which the resolution is lower for the rest of the genome
(“backbone”) is used8,13,16. This approach is referred to as “targeted” and can vary
according to the resolution used by the laboratory. The major benefit of the “targeted”
approach is the exclusion of many potentially identifiable VOUS.
 To enroll a panel of experts (expert review panel), not directly involved in the clinical
management of the case, to evaluate the CMA results and select the variants that should
be indicated in the medical report (“interpretative filter”). The panel can be central (single
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laboratory)4 or national, as in Belgium29 or UK with the EACH project. The expert review
panel approach has apparently a larger flexibility; however, it can be biased by individual
interpretations, variable according to the experts panel composition. In addition, the
difficulties in managing such an organization must be also considered. These two
approaches can be used in combination4.
The choice of the platform and its resolution is a critical point. The strategy should address the
clinical question and the proportionality among utility, uncertainty and complexity of the results.
If CMA is used for characterizing a de novo rearrangement identified through karyotyping (i.e. a
supernumerary chromosome marker, a reciprocal translocation), the resolution level should be
selected case by case by the laboratory geneticist.
Based on the available data, in other instances the use of targeted platforms with a backbone
resolution not exceeding 500 kb seems appropriate. This threshold represents an adequate
compromise for identifying the most clinically relevant CNVs and reduce the number of
VOUS11,30,31.
F. Other technical and operational aspects.
The laboratory providing prenatal CMA should guarantee the completion of the diagnostic process
within the analytical stage.
At present, it is debated which is the most suitable sample (if any) for prenatal CMA between
trophoblasts and amniocytes, and what might be the best DNA extraction approach (directly from
tissue samples vs. cultured cells). Potential limitations include sample quality and possible
placental mosaicisms. A collaborative effort aiming at collecting this information is highly
recommended.
CMA results always need to be confirmed by means of other molecular techniques. Parental blood
samples should be available, since they are often necessary for interpreting fetal results31.
Since parental analysis can detect additional CNVs to those present in the fetal specimen,
informed consent must be obtained independently from each parent, to define which results they
want to know (i.e. only information about fetal CNVs, information about all the relevant variants,
etc.), and separate reports must be prepared for each tested subject.
At the time of writing, a European system for external quality control of array-CGH in postnatal
analysis is available (CEQAS: Cytogenetic External Quality Assessment Service), while a similar
system for the prenatal diagnosis does not exist yet. We propose that each laboratory running
prenatal CMA participate to the quality control for the use of array-CGH in postnatal analysis.
We recommend also implementing national studies for investigating the diagnostic use of CMA,
with particular reference to clinical utility, cost-benefit analysis, population impact, including the
psychological impact and the weight of decision-making for parents.
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Recommendations
1. Prenatal CMA should not be offered as a first-tier test, replacing standard karyotyping.
Maternal anxiety, advanced maternal age, increased risk of chromosomal aneuploidies based
on combined or biochemical screening, and presence of US soft markers, are not indications to
perform CMA.
2. Present evidence does not support the clinical utility of CMA in chromosomally normal fetuses
with an isolated NT increase. In these cases, CMA can be proposed only within trials approved
by an Ethical Committee, aiming to assess the clinical utility of this indication. At present, CMA
should be considered in pregnancies presenting with significantly increased NT.
3. CMA analysis could be indicated as a second-tier test in fetuses presenting with an ultrasound
anomaly (not including the so-called soft markers), after a multidisciplinary evaluation by a
clinical geneticist and an obstetrician with extensive experience in prenatal medicine. This
analysis should be carried out by an experienced laboratory. The testing indication should be
based on the evaluation of different aspects, including clinical history, available scientific data,
risk related to the sampling procedure, gestational age, utility of analysis, parental decision
following information on CMA characteristics.
4. The complexity of prenatal CMA management, result interpretation and communication,
recommends its careful and thoughtful use. This analysis should always be considered
“possible” and not “necessary”. Its integration into the prenatal diagnostic plan should be
managed only by a centre with adequate experience, where a multidisciplinary team
(obstetrician, clinical geneticist, laboratory geneticist) is operating and undertakes the full
management of both pregnancy and parents. Psychological support to the couple shall be
available within the same team.
5. At present, with only a few notable exceptions, a national plan for implementing an “expert
review panel” approach, is not achievable. Therefore, the use of a “technical” filter by means
of a targeted analysis, with a backbone resolution lower than that used in postnatal diagnosis,
appears as a better choice. The backbone resolution has to be less than 500 kb, with the
exception of analyses aiming at characterizing de novo chromosome rearrangements detected
by standard karyotyping. In these instances, the resolution should be chosen conveniently and
findings evaluated by a multidisciplinary team. The decision of reporting non clearly
pathogenic variants, not related to the relevant anomaly, should be taken in agreement with
the parents, who have previously given their informed consent.
6. Laboratories providing prenatal CMA should be part of an integrated pathway of care, within
the framework of a multidisciplinary team, including an obstetrician, a clinical geneticist with
expertise in fetal medicine, and a laboratory geneticist expert in CMA. These laboratories must
fulfill the following requisites: to complete the diagnostic procedure in the analytic phase; to
confirm the results by using other molecular techniques; when indicated, to compare fetal and
parental DNAs. Laboratories should also participate in the currently available quality control
systems and in those hopefully implemented for prenatal analysis.
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APPENDIX
INFORMATION SHEET FOR PRENATAL CHROMOSOMAL MICROARRAYS ANALYSIS
What is a chromosomal microarrays analysis? What can be detected by this test?
Chromosomal Microarrays Analysis (CMA) technique allows a deep and simultaneous
investigation of all chromosomes. In this way very small chromosomal alterations, overlooked
by conventional karyotype, can be detected. Since this technique presents some limitations, its
prenatal application should be carefully evaluated.
What are the indications to CMA?
The most appropriate and frequent indications to prenatal CMA include the following:
1. deeper characterization of some fetal chromosomal anomalies;
2. the detection of fetal structural anomalies on ultrasound;
3. early-onset fetal growth restriction of unclear origin.
What are the limits of this diagnostic tool?
CMA, similarly to other diagnostic techniques, has limitations. In particular, a number of
anomalies cannot be resolved:
1. balanced chromosomal rearrangements (i.e. reciprocal translocations, inversions);
2. low-grade chromosome mosaicisms (<30%);
3. chromosomal variants/anomalies not detected by the microarray platform used by the
laboratory;
4. inherited disorders not caused by chromosome duplication/deletions.
Maternal contamination (co-existence of maternal and fetal cells in the sample) can invalidate the
CMA results. In some cases it is necessary to exclude this contamination, by means of molecular
testing of fetal and maternal DNAs.
In the presence of chromosomal imbalances, additional analyses can be necessary for
characterizing the rearrangement(s); analysis of parental DNA can be utilized for interpreting the
results. For this reason, parental samples must be always collected together with fetal samples,
and investigated only when the comparison between fetal and parental genetic profiles is
required. In these cases, a longer time is usually needed to achieve a conclusive diagnosis.
In rare instances, these investigations reveal that fetal DNA does not match with parental DNA (i.e.
in the case of heterologous insemination or non-paternity). Wrong information provided to
clinicians about the biological parents could prevent a correct test interpretation.

Is the interpretation of CMA findings always clear?
At times, the evaluation of the results can be difficult, in particular in the presence of variants (socalled Copy Number Variants, CNVs) which not always allow a rapid and simple interpretation.
These variants include:
12

 rare/uncommon CNVs, often referred to as VOUS (Variations Of Uncertain Significance).
Current knowledge is inadequate to conclude if they are benign or potentially associated
with distinct disorders.
 CNVs of pathogenic significance, whose relationship with the condition under investigation
is uncertain;
 CNVs associated to disorders with variable expression and/or incomplete penetrance (i.e.
the disorder associated to the variation could not become manifest during the lifetime or
have a variable and unpredictable severity), or conferring susceptibility to severe disorders;
 CNVs with clinical implications different from those that have prompted the analysis (i.e.
late-onset disorders, susceptibility to cancer, being carrier of a recessive disorder, etc.),
which at times can be inherited.
What are the technical characteristics of this test?
In order to reduce the possibility of identifying variants of uncertain significance, the test will
be performed by using some filters, allowing to detect mainly the unbalanced regions
responsible for microdeletion/microduplication disorders, and/or including pathogenic genes.
The resolution in these critical regions is at about 100-200 Kb, while other regions are analyzed
with a 500 Kb filter.
When will the results be available?
Usually, the results will be available 10 days after fetal DNA extraction (cell cultures,
chorionic villous sampling, amniocytes) and will be made available to parents during a genetic
counseling session. In specific cases, a longer time may be needed.
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CONSENT FORM
for Chromosomal Microarray Analysis on fetal samples
The undersigned Mr./Ms._______________________________________,
place and date of birth__________________________________________________,
and the undersigned Mr./Ms.__________________________________________________,
place and date of birth_______________________________,
acting as__________________________________
DECLARE
- to have discussed during a genetic consultation with Dr.________________________ about the
characteristics, potentialities and limits of the prenatal test performed with microarray technique;
- to have had the opportunity to ask questions;
- to have received clear and complete answers;
-to consider all the received information as adequate and complete (in accordance with the
INFORMATION SHEET FOR PRENATAL CHROMOSOMAL MICROARRAY ANALYSIS attached to this form)
Hence, on the base of the information received, I/we
□ Consent
□ Do not consent
To perform the test and to take a sample of my/our peripheral blood (for eventual additional
analyses).
I/we declare that we desire to be informed about:
□ all detected variants-CNV
□ only the variants-CNV with clear pathogenic significance linked to the indications for the test
□ all the variants-CNV with clear pathogenic significance regardless of the indications for the test
□ ________________________________________________ (Please indicate specific desires)
In addition, I/we:
□ give □ do not give
□ give

□ do not give

permission to use sampled biological material for research in
anonymized form
permission to inform Dr.______________________________
about test results

I/we declare that the details provided above are true and I/we guarantee to promptly communicate
any possible decision change on this matter.
Signature ________________________

Signature _____________________________

I/we
□ Consent
□ Do not consent
the use of personal, sensitive and genetic data according to the Italian current Law 196/2003, and the
conservation of the residual biological material for one calendar year from the sampling date.
Signature ________________________
Signature _____________________________
Signature and stamp of the consultant
who completed this consent form
___________________________________________
Date__________________________________
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