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Introduction
 In clinical prenatal diagnostic analysis, the G-banded karyotype has a resolution of 7–10 

million base pairs (MB). 

Diagnosis of smaller findings is limited, and there is variation between different pre- and 

postnatal preparations. 

The karyotype also requires the use of living, cultured cells, which often take 2 weeks to 

grow and have a risk for culture failure.

Chromosomal microarray analysis (CMA) uses genomic technology to identify small 

subchromosomal gains and losses called CNVs. 
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 Array comparative genomic hybridization (aCGH) arrays use short (25–50 base 

pairs) laboratory-made sequences of single-stranded DNA called oligonucleotides and are 

designed to detect copy number alterations (gains or losses of genetic information) 

compared with a reference control at specific genomic locations.

 CMA can be completed using extracted DNA from cultured or uncultured (direct) cells, 

giving it a quicker turnaround time (potentially 3–5 days), which is particularly important 

for patients pursuing prenatal diagnosis for pregnancy management decisions. 

Cont…
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Array comparative genomic hybridization process (aCGH)—Part A shows the aCGH process, which results in determination of the ratio of reference 
to test DNA at each oligonucleotide on the array. This ratio shows when there is an excess or deficiency of test DNA and is used to identify 
imbalances such as whole chromosome aneuploidy or microdeletions or duplications. Red signifies a loss of test DNA, and green signifies a gain of 
test DNA. Part B shows the actual generated image of the copy number plot from an aCGH platform on a case with approximately a 3-MB deletion 
of 22q11.2.
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Comparison of Detection of Diagnostic Technologies 
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CMA has a higher resolution than a karyotype, allowing for the detection of smaller CNVs 

in addition to aneuploidies and large chromosomal deletions and duplications. 

 CMA can also be used when apparently balanced rearrangements are identified on a 

karyotype to determine if it is balanced or if there is a small deletion or duplication at the 

breakpoint(s).

 A benefit of microarray over traditional karyotype is that tissue culture is not required. 

DNA extracted from both uncultured (direct) or cultured villi and amniotic fluid are 

acceptable as is DNA from cord blood, stillbirth tissue samples, and products of 

conception. 

WHAT CAN A MICROARRAY DETECT THAT A 
KARYOTYPE CANNOT? 
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Common Microdeletion and Duplication Syndromes and Frequency of Occurrence 
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WHAT CAN A KARYOTYPE DETECT THAT A 
MICROARRAY CANNOT? 

 The G-banded karyotype remains the gold standard for the detection of balanced 

rearrangements, for example, Robertsonian or reciprocal translocations and 

paracentric or pericentric inversions. 

 These are not detectable through CMA because the technology only identifies gains 

and losses of information, not balanced rearrangements. 

 Karyotype is able to identify tetraploidy (92 chromosomes), whereas CMA cannot. 

 In addition, karyotype may be better at identifying mosaicism. CMA can typically 

detect mosaicism down to approximately 15% or 20%, whereas karyotype with 15 

cells counted can detect 15% mosaicism at 90% confidence, 19% mosaicism at 95% 

confidence, or 27% mosaicism at 99% confidence.

 The clinical relevance of lower level mosaicism is questionable at times; but in some 

instances, this information can prove beneficial in the full evaluation of risk for genetic 

disease in a fetus. 
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IN WHAT OTHER CLINICAL SCENARIOS IS 
MICROARRAY USEFUL?

 Because genetic abnormalities have been associated with at least 6%–13% of 

stillbirths, consideration of CMA is recommended in this scenario. 

 Reddy et al. found that microarray is more likely than karyotype to provide a genetic 

diagnosis in cases of stillbirth.

 Because CMA can be performed on DNA extracted directly from any fetal tissue and 

does not require living cells, it is a useful tool in the evaluation of stillbirth, intrauterine 

fetal demise, and spontaneous loss, even when aneuploidy is suspected. 

 CMA can be helpful in cases where karyotype identifies a marker chromosome, a 

translocation or other rearrangement (including balanced translocations), or other 

cryptic result. 

Reddy UM, Page GP, Saade GR, et al. Karyotype versus microarray testing for genetic abnormalities after stillbirth. N Engl J Med. 2012;367(23):2185–2193. 11



Current indications for microarray analysis in 
prenatal diagnosis
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Evaluation of ultrasound structural anomalies :

– Fetal samples for standart indications ,

– 5-6 % clinically significant CNV ,

– When structural anomaly present microarray analysis will

have a detection rate of 1-3 % beyond that of karyotype.

– What is the value if no ultrasound abnomality ??

– Expert opinion ?

– Cardiac, CNS, skeletal, urogenital, renal

– Increased NT

– IUGR



CNVs identified during array CGH analysis using CytoChip oligonucleotide arrays.
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WHAT ARE THE CURRENT GUIDELINES AROUND 
MICROARRAY UTILIZATION IN PREGNANCY? 

 The American College of Obstetricians and Gynecologists (ACOG) and Society 

for Maternal-Fetal Medicine (SMFM) recommend that all women be offered the 

option of diagnostic testing regardless of maternal age. 

 In regards to CMA, they recommend that it replace karyotype for any patient carrying 

a fetus with one or more structural anomalies who has elected to pursue diagnostic 

testing or for any patient with a fetal demise. 

 They state that either CMA or karyotype be performed for any patient having 

diagnostic testing. 

 Providers should discuss the benefits and limitations of both tests with the patient.
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ARE THERE CERTAIN ANOMALIES FOR WHICH A COPY 
NUMBER VARIANT IS MORE OR LESS LIKELY?

o Overall, several large-scale studies and subsequent metaanalysis have proven the 

incremental benefit of CMA over karyotype in the setting of structural anomalies.

o These studies indicate a 6%–7% risk for a pathogenic CNV in the setting of a 

structural anomaly and a normal karyotype.

o When a single organ system is affected, the risk for pathogenic CNV drops slightly 

approximately to 5%. 

o Notably for counseling patients, the organ systems most associated with pathogenic 

CNVs include cardiac, renal, skeletal, urogenital, and CNS.

o Donnelly et al. found that isolated renal and cardiac anomalies have the largest 

association with pathogenic CNVs at 15% and 10.6%, respectively, and that fetuses 

with more than one anomalous organ system have a 13% risk for a pathogenic or 

likely pathogenic CNV.

o Lower incremental diagnostic yields for isolated increased nuchal translucency have 

been found (4.0%), likely because many increased nuchal translucencies are due to 

whole chromosome aneuploidy.

Committee opinion No. 682: microarrays and next-generation sequencing technology: the use of advanced genetic diagnostic tools in obstetrics and gynecology. Obstet
Gynecol. 2016;128(6):e262–e268. 
Donnelly JC, Platt LD, Rebarber A, Zachary J, Grobman WA, Wapner RJ. Association of copy number variants with specific ultrasonographically detected fetal anomalies. Obstet
Gynecol. 2014;124(1):83–90. 
Grande M, Jansen FA, Blumenfeld YJ, et al. Genomic microarray in fetuses with increased nuchal translucency and normal karyotype: a systematic review and meta-analysis. 
Ultrasound Obstet Gynecol. 2015;46(6):650–658.
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Maternal Cell Contamination Testing
 Because prenatal samples are typically obtained traversing the maternal habitus, 

there is a risk that maternal cells may be present in villi or amniotic fluid and this 

poses a risk for misdiagnosis.

 In particular, villi have a higher risk for contamination compared to amniotic fluid 

because of difficulty in thoroughly cleansing maternal decidua from fetal cells.
 A maternal cell contamination study uses a maternal DNA sample and compares its 

polymorphic markers to the prenatal DNA sample. 
 When the proportion of maternal DNA is below the detection limit of the molecular test 

(<10% for SNP oligonucleotide assays), then the result is likely to represent the fetal 
genotype.

 If the level is >10%, then the excess of maternal DNA may obfuscate the fetal DNA and 
prevent the diagnosis of a genetic condition, particularly if the genetic condition is a very 
small CNV or mosaic. 

 When a pregnancy is conceived via egg donor and CMA is pursued, MCC studies can 
still be performed, but the laboratory should be notified so they are not surprised when 
there are no matching polymorphic markers. 

Antoniadi T, Yapijakis C, Kaminopetros P, et al. A simple and effective approach for detecting maternal cell contamination in molecular prenatal diagnosis. Prenat Diagn. 

2002;22(5):425–429. 
19



Fluorescence In Situ Hybridization

 In the context of prenatal diagnosis, FISH remains the technique of choice for 

confirmation of the common trisomies and sex aneuploidies (13, 18, 21, X, Y) within 

24–48 h after a diagnostic procedure. 

 FISH provides relatively quick information to patients who have a high a priori risk for 

the common aneuploidies due to abnormal ultrasound findings consistent with a 

specific chromosomal syndrome, serum screening, or positive cell-free fetal DNA 

results.

Practice bulletin No. 162: prenatal diagnostic testing for genetic disorders. Obstet Gynecol. 2016;127(5):e108– e122. 
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Cont…

 FISH does not replace the diagnostic accuracy of a karyotype, which should still be 

pursued and will also assess for mosaicism and translocations.

 In the event of an abnormal FISH result, confirmed by a karyotype, and consistent 

with ultrasound findings, most clinicians would not pursue CMA further unless the 

patient planned continuation of the pregnancy and wanted the additional information 

provided by CMA. 

 Separately, when a mosaic aneuploidy is seen on karyotype, FISH is used to count 

additional cells to further refine the level of mosaicism. 

 In such cases, FISH allows the geneticist to count potentially hundreds of cells with 

relative ease. 

 However, as rapid sequencing techniques that provide information about all 

aneuploidies in 4 h or less become mainstream, FISH may lose its usefulness.

Wei S, Williams Z. Rapid short-read sequencing and aneuploidy detection using MinION nanopore technology. Genetics. 2016;202(1):37–44. 
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When Should a Karyotype Be Ordered in Addition 
to a Microarray?

 The karyotype is a useful tool both in the follow-up of CMA results and in the 

evaluation of certain family histories. 

 When a CMA result is suggestive of an unbalanced translocation (e.g., in the 

presence of a gain and a loss of information involving the distal ends of two 

chromosomes), then follow-up parental testing via karyotype is essential to 

determine recurrence risks for a couple. 

 If a couple presents with a personal or family history of recurrent pregnancy loss or 

trisomy, then a parental blood karyotype is also helpful for the same reasons and 

may prompt prenatal diagnosis if abnormal. 
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MICROARRAY RESULTS ARE POSITIVE; NOW 
WHAT?

 A positive result, whether a known pathogenic variant or a VUS, poses counseling 

challenges and will necessitate in-depth preparation before results disclosure, 

preferably done by a genetics specialist such as a genetic counselor or geneticist. 

 A positive result for a well-described CNV via prenatal diagnosis, such as Miller–

Dieker syndrome, should prompt the provider to inform the patient of the natural 

history and prognosis of the condition, the available medical literature and patient 

support groups, the recommended follow-up via ultrasound and echocardiogram, and 

the appropriate referrals and support for the patient’s choice (continuation, 

termination of pregnancy, adoption, etc.).

 Even with well-described CNVs such as this, uncertainty will exist regarding the 

specific disease course for each patient. 
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Cont…
o Regardless of the patient’s decision about pregnancy management, the patient and 

her partner should be offered appropriate parental follow-up studies to determine 

recurrence risks. 

o Most known pathogenic variants will be de novo; however, some may be caused by a 

parental rearrangement, and this risk varies by condition. 

o For example, approximately, 80% of individuals with Miller–Dieker syndrome have a 

de novo deletion in 17p13.3, but 20% inherit a deletion from a parent with a balanced 

chromosomal rearrangement. 

o A parent with a chromosomal rearrangement will have a higher recurrence risk than 

those who have a child with a de novo CNV. 

o When a pathogenic susceptibility CNV is found, such as a 16p11.2 deletion, follow-up 

parental testing should be offered with the clear discussion that a parent may also 

harbor the CNV, conferring a 50% recurrence risk in all pregnancies. 24



Cont…
 When a VUS is found, the provider may require additional time before results 

disclosure to fully review the available databases and medical literature. 

 The provider should inform the patient specifically regarding case series or limited 

data available regarding the natural history and prognosis of the CNV, the available 

medical literature and patient support groups, the recommended follow-up via 

ultrasound and echocardiogram, and the appropriate referrals and support for the 

patient’s choice (continuation, termination of pregnancy, adoption, etc.). 

 Parental follow-up studies will usually be recommended via a CMA if the CNV is 

isolated and small, whereas karyotype ± FISH will usually be recommended if the 

CMA reveals a distal gain and a distal loss indicative of an unbalanced translocation.

 If the CNV is relatively common and detectable via FISH or quantitative PCR (qPCR), 

such follow-up tests will be recommended. 

 When uncertain, the provider can contact the resulting laboratory for further advice 

regarding appropriateness of specific follow-up tests. 
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MICROARRAY RESULTS ARE NEGATIVE; 
NOW WHAT?

 It behooves the provider to remind the patient at the time of results disclosure that 

CMA does not rule out all genetic conditions or birth defects. 

 If the patient has a normal fetal ultrasound, the provider can be more reassuring 

than if there is a structural anomaly. 

 The provider should take care to review the patient’s pregnancy and family history to 

highlight the limitations of the test. 

 For example, if there is a family history of autism, the provider may highlight the 

value of a genetics evaluation for the affected individual and the limitation of CMA to 

rule out all causes of autism. 
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Cont…

 If the patient receives CMA at the time of CVS, he/ she should also remind the patient 

to recontact his/her genetics provider if a new finding is identified on a second 

trimester anatomy ultrasound as additional testing may be recommended. 

 If the normal microarray results are in the context of a structurally abnormal 

ultrasound, the results disclosure should include further discussion about the residual 

risks for a genetic condition given the finding. 

 Additional testing may be warranted such as a sequencing panel for genes 

associated with the anomaly(ies) identified. 

 Specific data are limited in this area as research catches up with the broad use of 

CMA, but a literature search should be conducted on a case-by-case basis. 
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Conclusion
• CMA will not detect all genetic disorders, and additional specialized testing may be 

warranted if the provider deems necessary.

• Some identifiable genetic changes are associated with variable expressivity or 

reduced penetrance, and it may not be possible to fully predict the phenotype of the 

fetus. 

• Despite advances, VUSs will sometimes be detected and further testing of parents may 

assist in the interpretation.

 However, there are times when the clinical significance of particular variants may 

remain unknown, which may lead to increased anxiety and stress in the pregnancy.

• CMA may detect adult onset diseases in the fetus, and such a finding may also be 

present in an undiagnosed parent. 

• CMA may reveal consanguinity or nonpaternity. 
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