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Abstract
OBJECTIVES—Our aim was to determine the frequency of genomic imbalances in neonates with
birth defects by using targeted array-based comparative genomic hybridization, also known as
chromosomal microarray analysis.

METHODS—Between March 2006 and September 2007, 638 neonates with various birth defects
were referred for chromosomal microarray analysis. Three consecutive chromosomal microarray
analysis versions were used: bacterial artificial chromosome-based versions V5 and V6 and bacterial
artificial chromosome emulated oligonucleotide-based version V6 Oligo. Each version had targeted
but increasingly extensive genomic coverage and interrogated >150 disease loci with enhanced
coverage in genomic rearrangement-prone pericentromeric and subtelomeric regions.

RESULTS—Overall, 109 (17.1%) patients were identified with clinically significant abnormalities
with detection rates of 13.7%, 16.6%, and 19.9% on V5, V6, and V6 Oligo, respectively. The majority
of these abnormalities would not be defined by using karyotype analysis. The clinically significant
detection rates by use of chromosomal microarray analysis for various clinical indications were
66.7% for “possible chromosomal abnormality” ± “others” (other clinical indications), 33.3% for
ambiguous genitalia ± others, 27.1% for dysmorphic features + multiple congenital anomalies ±
others, 24.6% for dysmorphic features ± others, 21.8% for congenital heart disease ± others, 17.9%
for multiple congenital anomalies ± others, and 9.5% for the patients referred for others that were
different from the groups defined. In all, 16 (2.5%) patients had chromosomal aneuploidies, and 81
(12.7%) patients had segmental aneusomies including common microdeletion or microduplication
syndromes and other genomic disorders. Chromosomal mosaicism was found in 12 (1.9%) neonates.

CONCLUSIONS—Chromosomal microarray analysis is a valuable clinical diagnostic tool that
allows precise and rapid identification of genomic imbalances and mosaic abnormalities as the cause
of birth defects in neonates. Chromosomal microarray analysis allows for timely molecular diagnoses
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and detects many more clinically relevant genomic abnormalities than conventional cytogenetic
studies, enabling more informed decision-making and management and appropriate assessment of
recurrence risk.

Keywords
sporadic birth defects; array comparative genomic hybridization; copy-number variation; molecular
cytogenetic analysis; mosaicism

In the united States, birth defects are the leading cause of neonatal morbidity and mortality1

and occur in ~3% of all newborns.2 Genetic factors have been long recognized to be an
important cause for syndromic and nonsyndromic congenital anomalies.3 Previous cytogenetic
investigations demonstrated that constitutional chromosomal abnormalities affect ~0.5% of
live-born infants4,5 and contribute to a significant percentage of birth defects.6 Chromosomal
abnormalities are found in ~25% of deaths in newborns with congenital anomalies.7 Common
chromosomal aneuploidies, such as monosomy X and trisomy for chromosomes 21, 18, and
13, have traditionally been diagnosed during the neonatal period by chromosome studies by
using conventional cytogenetic methods, trypsin-Giemsa staining (GTG banding) analysis.
Improved cytogenetic methods, such as fluorescence in situ hybridization (FISH) by using
chromosome- or locus-specific probes, enable the diagnosis of the common microdeletion
syndromes such as DiGeorge/velocardiofacial syndrome (DG/VCFS),8 Wolf-Hirschhorn
syndrome (4p-),9 and Cri-du-chat syndrome (5p-)10 in patients with dysmorphic features and/
or congenital anomalies; however, FISH assays using genomic locus-specific probes are
applicable only for patients with a strong clinical suspicion of a specific genetic defect. This
is often challenging in neonates with birth defects because their clinical presentations may be
atypical, they may have nonspecific phenotypic features shared by several different genetic
disorders, or they may lack specific syndromic features that appear only at a later age.
Syndrome recognition can also be challenging in premature children because some clinical
features may not yet be evident or may be obscured by other pathologies seen in these newborns.

Despite advances in prenatal diagnosis and perinatal management, birth defects remain a major
cause of neonatal morbidity and mortality,11 and the genetic cause of the majority of birth
defects remains unknown.12 Submicroscopic genomic rearrangements may be the cause in a
significant proportion of birth defects, and many such cryptic genomic imbalances are not
identifiable by using conventional cytogenetic methods because of their limited coverage (eg,
FISH) and resolution (eg, GTG banding) for genomic analysis.13 Precise determinations of a
diagnosis for the child’s pattern of birth defects is critical because a diagnosis may determine
medical and surgical management as well as help to provide accurate information to families
regarding prognosis and recurrence risks. Thus, newer molecular cytogenetic diagnostic tools
with improved genomic coverage and resolution are needed to increase the detection rate for
genomic imbalances, especially in neonates with major birth defects and seemingly normal
constitutional chromosomes.

Array comparative genomic hybridization (aCGH)14 has proved to be such a powerful
innovative tool for high-resolution genome analysis and for the detection of gains or losses (ie,
genomic imbalances) resulting in copy-number variations (CNVs). CNVs are segments of
deletion or duplication in the genome that may represent rare or common benign variants
(benign CNVs) or pathologic variants (eg, deletions in DG/VCFS or Williams-Beuren
syndrome). The use of aCGH for genomic analysis detects both benign and pathologic CNVs,
and there is an important need to better understand benign CNVs in the normal population15,
16 or in the various ethnic populations17 and to distinguish the pathologic CNV that can be
responsible for the human constitutional disorders18 and autism.19 Two well-established aCGH
platforms have been developed and clinically implemented: the large insert bacterial artificial
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chromosome (BAC)-based array20 and the oligonucleotide-based array.21-23 Both whole-
genome arrays that interrogate the entire genome and targeted arrays focused on specific
genomic regions of clinical interest24 have had a major impact on postnatal evaluation25-29

and have the potential for use in prenatal diagnosis.30-32 aCGH also has enabled the
identification of novel disease genes,33 discovery of new microdeletion syndromes,34,35 and
detection of low-level mosaicism that is undetected by conventional chromosome analysis.
36,37 This has significantly increased the identification of genomic imbalances (eg, pathogenic
CNV) as the potential cause in patients with dysmorphic features (DFs), multiple congenital
anomalies (MCA), or mental retardation.13,27,38-41

To our knowledge, to date, no studies have specifically addressed CNVs by using aCGH in
the neonatal population. We used a targeted aCGH platform, termed chromosomal microarray
analysis (CMA), for 638 consecutive neonates who presented with various birth defects.

METHODS
Neonatal Patient Samples

Peripheral blood samples from a total of 638 neonates, aged ≤28 days, with a wide range of
birth defects were submitted for CMA to the Clinical Cytogenetics Laboratory at Baylor
College of Medicine between March 2006 and September 2007. The clinical indications at the
time of the referral were taken from clinical comments on laboratory requisitions and are
therefore relatively crude, but they are summarized in Table 1. Patients who had ≥2 indications
were included in ≥2 categories. A total of 21 patients were suspected for possible chromosomal
abnormality ± “others” (eg, cleft palate, club foot, polydactyly), and 12 patients were referred
for ambiguous genitalia ± others. A total of 179 patients were referred for MCA ± others,
including 59 for both MCA and DFs. For 138 patients, the clinical indications were DFs ±
others (excluding MCA). A total of 101 patients’ samples were submitted because of congenital
heart disease (CHD) including atrial septal defect, ventricular septal defect, tetralogy of Fallot,
or CHD ± others. A total of 295 patients were referred for other indications, including a variety
of anomalies involving neuromuscular, craniofacial, skeletal, gastrointestinal, and renal
defects; cleft lip and/or palate; respiratory distress syndrome; and congenital diaphragmatic
hernia, summarized in a large group referred as others (see Table 1). A total of 24 samples
from neonatal patients had no clinical information provided at the time of submission of a
sample for clinical CMA testing.

aCGH
Genomic DNA isolated from peripheral blood obtained from the 638 neonatal patients was
analyzed on 1 of the 3 different CMA versions that interrogated >150 genomic disorder loci,
with expanded coverage in pericentromeric and subtelomeric regions, depending on the time
of sample submission (Table 2). The first 197 samples were analyzed on BAC V5, which
consisted of 853 BAC clones.27 There were 175 samples in the second set analyzed on BAC
V6, which consisted of 1475 BAC clones and with greater backbone coverage of the genome
with inclusion of 1 clone per band at 650 cytogenetic banding resolution.22 The most recent
group of the patients consisted of 266 neonates analyzed using V6 Oligo, which consisted of
42 640 oligonucleotides, with the average of 20 to 40 oligonucleotides corresponding to each
V6 BAC clone genomic locus.22 CMA procedures, data analyses, and confirmation of
abnormalities by using partial karyotype analysis and/or FISH were performed as previously
described.22,25,27
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RESULTS
CMA Resolution and Clinically Significant CNV-Detection Rates

CNVs were classified as clinically significant, likely benign, or of uncertain significance as
follows. Clinically significant abnormalities included aneuploidy, detection of well-
characterized deletion/duplication syndromes, deletion/duplication >3 Mb in size or
cytogenetically visible, and de novo deletions or duplications <1 Mb of which most were >0.5
Mb in size. Parental studies were performed or recommended for the patients for whom we
reported clinically significant CMA findings (except for the patients with common trisomies
or monosomy X) to determine whether the CMA findings represent de novo or familial events.
Deletions or duplications that were not diagnostic of well-characterized syndromes were
classified as “likely benign” when the variant was well documented to occur in the normal
population on the basis of public databases (http://projects.tcag.ca/variation) or internal
experience or when the variant was also present in a healthy parent. In cases in which parental
samples were unavailable and the variants were <1 Mb in size and not cytogenetically visible,
deletions were considered to be CNVs of uncertain significance. That parental samples were
unavailable in such cases leads to an underestimation of the clinically significant abnormalities.
27 The expectation is that parental studies will eventually be performed in most of these cases.

The detection rates of clinically significant CNVs or genetic aberrations in this study were
13.7% (27 of 197) for BAC V5, 16.6% (29 of 175) for BAC V6, and 19.9% (53 of 266) for
V6 Oligo (see Table 2). A consistent increase in detection rate was observed for each advanced
version of the arrays; especially in the 266 neonates who were studied by use of the most recent
oligonucleotide array with expanded genomic coverage. In addition, 62 (9.6%) patients were
found to have CNVs (see Table 2), including 2 likely benign groups of 13 (2.0%) with CNVs
that were also reported to be present in the normal population and 22 (3.4%) with familial
variants present in phenotypically normal parents; 27 (4.2%) were classified as being of
uncertain significance and awaiting parental studies (data not shown). The detection rates of
the “likely benign” group decreased from 9.1% (18 of 197) and 11.4% (20 of 175) to 9.0% (24
of 266) on the 3 sequential versions of arrays (see Table 2), through systematic removal of
interrogating clones or oligonucleotides from genomic regions that consistently detected
seemingly benign variants. This restricts or reduces the need to perform parental studies on
variants that ultimately prove to be benign. These results also reflect our learning curve and
experience in designing high-resolution targeted clinical diagnostic arrays through better BAC
and oligonucleotide probe selection.

Clinically Significant Abnormality-Detection Rate and Clinical Indications
Of a total of 638 neonates, CMA revealed 109 (17.1%) patients with clinically significant
chromosomal aberrations (Fig 1, Table 1, and Supplemental Table 3, which is published as
supporting information on www.pediatrics.org/content/full/122/6/1310); all of these
abnormalities were verified by a secondary independent laboratory test: FISH and/or high-
resolution retrospective partial karyotype analyses. The clinical information available for each
individual neonatal patient is limited. As a general measure of clinical presentation, we used
the clinical indication as determined by the clinician referring to our diagnostic laboratory.

In the group of 21 patients who were suspected clinically to have chromosomal abnormalities
± others (eg, DFs, cleft palate, MCA), the CMA clinically significant detection rate was the
highest at 66.7% (n = 14; see Table 1). CMA identified trisomies 21 (6), 18 (2), and 13 (1); all
of these were concordant with the clinical indication for the concurrent karyotype analysis. In
addition, a derivative chromosome 6 was identified in a patient who was suspected to have
trisomy 18; 2 patients were found to have a deletion in Prader-Willi/Angelman syndrome

Lu et al. Page 4

Pediatrics. Author manuscript; available in PMC 2009 December 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://projects.tcag.ca/variation
http://www.pediatrics.org/content/full/122/6/1310


(PWS/AS) critical region, 1 with a deletion in chromosome 8q and 1 with 45,X, which was
consistent with a diagnosis of Turner Syndrome.

In 12 patients with ambiguous genitalia ± other indications (see Table 1), CMA detected
abnormalities in 4 (33.3%) patients, including 2 with a mosaic 45,X karyotype with the
presence of the Y material, 1 with a complex chromosome 5 rearrangement, and 1 with an
interstitial deletion in the subtelomeric region of the long arm of chromosome 10.

A total of 179 patients were referred for MCA ± others (eg, DFs, CHD, club feet, broad thumbs),
and CMA identified significant chromosomal aberrations in 32 cases. All of the CMA findings
were summarized in 4 subgroups (see Table 1). For 7 patients who were referred for MCA and
CHD, CMA revealed that 2 (28.6%) patients had clinically significant CNVs involving
subtelomeric imbalances in chromosome 1q (1) and 3p (1). A total of 59 patients were referred
for MCA + DFs ± others (eg, polydactyly, failure to thrive; see Table 2), CMA detected 16
(27.1%) with clinically significant genomic imbalance including 2 mosaic tetrasomy 12p, 1
trisomy 21, 1 trisomy 22, 1 deletion in PWS/AS critical region, a complex chromosome 8
rearrangement, and other genomic imbalances involving chromosome 1 (4), chromosome 4
(3), chromosome 11 (2), and 10qter (1).The identified nonmosaic trisomy 22 in 1 patient was
later verified by metaphase FISH analysis. This infant was admitted to the NICU secondary to
DFs and MCA, where she died at the age of 35 days. She received a diagnosis of CHD with
major abnormalities involving double-outlet right ventricle and pulmonary vein stenosis. No
autopsy was performed, thereby limiting the clinical information available. The identified
aneuploidy and early death are clearly compatible with a severe phenotype often seen in this
rarely reported live-born trisomy. In 113 patients who were referred for MCA alone or MCA
+ others (eg, hydrocephalus, limb anomalies, but excluding CHD or DFs), CMA detected
significant CNVs in 14 patients (see Table 1). Most of these aberrations involved subtelomeric
(6) and pericentromeric (3) imbalances; 3 had microdeletions in DG/VCFS critical region, and
2 had mosaicism for inv dup (15) (1) and inv dup (22) (1).

CMA detected 34 (24.6%) patients with clinically significant abnormalities in 138 patients
who were referred for DFs alone or DFs + others (eg, cleft palate, hypotonia, but excluding
MCA; see Table 1). Of these, 14 were found to have subtelomeric imbalances, 4 were revealed
to have microdeletions involving DG/VCFS (2), Williams-Beuren syndrome (1), and PWS/
AS (1) critical regions; 11 were observed to have aneuploidies including trisomy 21 (4), trisomy
13 (2), trisomy 18 (1), 45,X (1), mosaic trisomy 9 (2) and mosaic trisomy 18 (1); the remaining
5 had genomic imbalances that involved other rare disease regions. It is interesting that in the
mosaic trisomy 18, the CMA ratio plot was suggestive of copy-number differences between
the p and q arms of chromosome 18; this result was concordant with the concurrent karyotype
analysis of 2 cell lines that consisted of 47,XX,+18[27]/47,XX,+i(18)(p10)[3] (Fig 2).

Among 101 patients who were referred for CHD ± others (see Table 1), CMA identified 22
(21.8%) patients with significant chromosomal aberrations. Eight patients with a common 3-
Mb deletion in 22q11.2 had clinical features compatible with a diagnosis of DG/VCFS; 1
patient had an interstitial deletion at 1p36, and the remaining patients had subtelomeric
imbalances in chromosomes 3p, 6p, 8p, and 11q.

In 295 patients who were referred for other birth defects (see Table 1), the average clinically
significant detection rate was 9.5% (28 of 295). In a small group of 9 patients who were referred
for respiratory distress syndrome, CMA detected 2 (22.2%) of them with genomic imbalance,
including 1 mosaic tetrasomy 12p, that can be associated with the Pallister-Killian syndrome,
and another 1 involving an unbalanced translocation between chromosomes 14 and 18. In 24
patients who were suspected for a possible syndrome, CMA clinically significant detection
rate was 20.8%.
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In summary, of the 109 (17.1% of the 638 neonates referred for testing) patients in which
clinically significant genomic imbalances or pathogenic CNVs were detected by CMA (see
Fig 1), 16 (14.7%) had numerical anomalies including trisomy 21 (8), trisomy 18 (3), trisomy
13 (3), trisomy 22 (1), and monosomy X (1). The remaining 93 (85.3%) patients had genomic
imbalances that may not be detected by standard cytogenetic studies, including 37 (33.9%)
with common microdeletions or microduplications involving 22q11.2 (13), 5p15.2 (6), 3p26.3
(4), 4p16.3 (4), and other chromosomal regions (10); 44 (40.4%) with genomic imbalances at
relatively rare disease loci; and 12 (11.0%) with chromosomal mosaicism.

DISCUSSION
Constitutional chromosomal aberrations often result in birth defects and are frequently reported
as the underlying cause of DFs, MCA, CHD, and developmental delay or mental retardation
by aCGH.42-45 The aim of this study was to investigate the frequencies of submicroscopic
chromosomal aberrations including pathogenic CNVs in neonates with birth defects by using
targeted aCGH or CMA that enables higher resolution genomic analysis than standard clinical
GTG-banding chromosome analysis. In 638 neonates with various birth defects, clinically
significant genomic imbalances or pathogenic CNVs were detected in 17.1% of the patients,
with an observation of the highest clinically significant detection rate of 19.9% in the 266
neonates analyzed on the most recent CMA V6 Oligo version with expanded human genome
coverage. In patients with abnormal CMA results, not surprising, the majority of the
abnormalities could not be defined by GTG-banded karyotype (see Supplemental Table 3). In
fact, the 85.3% (93 of 109) of genomic imbalances detected by CMA were not simply
aneuploidies and might have been missed by conventional clinical cytogenetic analysis.
Although many could have been diagnosed by locus-specific FISH tests or subtelomeric FISH,
ordering locus-specific FISH requires a presumptive clinical diagnosis. CMA provides a more
efficient and reliable method for detecting all of these cases with a single test that enables a
“genomic” screen.

More than half of the patients (see Table 1) were referred for MCA ± others, DFs ± others, or
CHD ± others. CMA detected the most abnormalities (28.6% and 27.1%) in neonates with
MCA + CHD and MCA + DFs, respectively. CMA detection rates for DFs ± others and CHD
± others referrals were 24.6% and 21.8%, respectively. These data suggest that the neonates
with these phenotypes are mostly likely to have higher frequencies of genomic imbalances or
pathogenic CNVs. In the neonates who were referred with MCA alone, the detection rate was
relatively lower at 14.4% (see Table 1).

CMA detected the highest abnormal rate for neonates who were referred with a clinical
indication of suspected chromosomal abnormalities. Previous cytogenetic studies showed that
the average chromosomal aberration incidence was 21.6% in a total of 6183 pediatric patients
who were suspected to have chromosomal abnormalities.46-49 Remarkably, by using CMA,
~66.7% (see Table 1) of the neonates who were referred for possible chromosomal aberrations,
a threefold increase from previous cytogenetic studies, were found to have genomic
imbalances. The significantly improved detection of chromosome aberrations substantiates the
power of CMA as a high-resolution molecular cytogenetic diagnostic tool.

Many submicroscopic genomic rearrangements have been associated with well-defined
clinical syndromes, such as contiguous gene microdeletion/microduplication disorders.50-52

CMA tests hundreds or thousands of genomic loci for CNVs (gains or losses) simultaneously
and thus greatly improves the detection rate for identifying microdeletion and microduplication
syndromes.27,53 At least 37 (5.8%) patients were identified as having microdeletion or
microduplication syndromes that involved the common chromosomal regions in 22q11.2,
5p15.4, and 4p16.3. Among these, the common 3-Mb deletion in DG/VCFS critical region at
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22q11.2 (Online Mendelian Inheritance in Man [OMIM] No. 188400 and 192430) was the
most prevalent, found in 13 (2.0%) of the referred neonates. In 1 neonate with an apparently
balanced inversion of chromosome 2 (not included in this series), CMA revealed a reciprocal
microduplication in DG/VCFS critical region at 22q11.2 that was consistent with the clinical
diagnosis of 22q11.2 microduplication syndrome (OMIM No. 608363). Both syndromes
present with CHD and have other overlapping clinical features.54 Often, a significant number
of duplication patients were first referred for a FISH test for suspected DG/VCFS. Many
patients with FISH-negative results were later found to have the 22q11.2 microduplication
syndromes by CMA27 or interphase FISH analysis.55 Recent work that applied clinical arrays
documented a new genomic disorder that is associated with deletion just distal to the common
DG/VCFS locus.56 Common subtelomeric rearrangements were identified in 3 chromosomal
regions in the distal 3p, 4p, and 5p. Monosomy 4p and 5p have been well defined to be
associated with Wolf-Hirschhorn syndrome (OMIM No. 194190) and Cri-du-chat syndrome
(OMIM No. 123450); however, the clinical manifestation of microduplications in the distal 4p
as well as the deletions in the distal region of 3p57,58 are not very well defined, and they could
represent new genomic syndromes.

CMA in this study also demonstrated an increased detection rate for identifying chromosomal
mosaicism. CMA for 12 patients, mostly referred for DFs and MCA, were suggestive for
mosaicism. Five (38.5%) patients had low-level mosaicism with aberrations that were not
detected in retrospective chromosomal metaphase analyses, including tetrasomy 12p (3) and
trisomy 9 (2). Tetrasomy 12p has been associated with Pallister-Killian syndrome, and skin
biopsy for conventional cytogenetic studies is generally recommended when clinically
indicated; however, none of these 3 neonates whom we reported with mosaic tetrasomy 12p
in this study was suspected for this diagnosis, including 1 patient who was reported to have a
45,X karyotype before CMA and was known to manifest clinically DFs and MCA findings
that were not consistent with a Turner syndrome phenotype. Interphase FISH analysis on blood
smears was needed to verify mosaicism in these cases. As elucidated in previous studies,36,
37 CMA on DNA from multiple cell lineages in whole blood improves the ability to detect
mosaicism compared with conventional karyotype analysis, which examines only the
stimulated T lymphocytes that respond to mitogens. Chromosomal low-level mosaicism has
been shown in this study to exist in neonates with unexplained birth detects such as MCA, DFs,
and CHD and seemingly normal chromosomes by karyotype analysis, and, therefore aCGH/
CMA is highly recommended for these neonates for additional evaluation of the possible
chromosomal mosaicism.

To our knowledge, this is the largest study to date to use aCGH to detect the frequencies of
genomic imbalances in a large series of neonates with birth defects and has important
implications for the evaluation of congenital anomalies with unknown genetic cause.
Limitations of this study include the relatively modest sample size (638) and that neonates with
birth defects in this study were not characterized on the basis of the coding of birth defects
because of limited clinical information.12,59 We propose that additional investigations use
CMA in large neonatal sample cohorts, such as the DNA sample collection of the National
Birth Defects Prevention Study (NBDPS),60 to identify the potential genomic imbalances and
disease gene(s) that underlie specific birth defects.

What recommendations might be made for the use of cytogenetic studies in the neonatal
setting? First, infants who are suspected for Down syndrome should have a karyotype and not
CMA because chromosome analysis would be more informative than CMA when the additional
chromosome 21 is part of a Robertsonian translocation [eg, rob(14,21)(q10;q10), rob(21,21)
(q10;q10)]. Experienced clinicians should recognize the great majority of such infants. In 8
patients with trisomy 21 in this study, only 2 of them were referred for DFs or DFs + MCA
instead of “possible trisomy 21”; in the majority, a diagnosis of Down syndrome was made by
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clinical examination. Second, infants with possible or suspected trisomy 13 or trisomy 18 could
also be analyzed initially by karyotype or STAT FISH if findings are classical, but concurrent
CMA is desirable in most instances. Finally, for most other circumstances, we believe that
CMA is already or soon will be the preferred first-line test. It is more rapid (3–5 days) than
karyotype (7–14 days) and has a far higher detection rate for clinically significant
abnormalities, and this would be beneficial in timely clinical management. Very few clinically
significant abnormalities are detected by karyotype but not by targeted aCGH or CMA. A
balanced rearrangement that disrupts a dosage-sensitive gene is one such circumstance. Recent
studies that used high-resolution aCGH analysis revealed that many seemingly balanced
translocations were in fact not balanced.61,62

CONCLUSIONS
This study demonstrates that CMA can effectively diagnose birth defects that are caused by
submicroscopic genomic imbalances in the neonatal period and, therefore, assist the clinician
in diagnosis, early neonatal intervention, and genetic counseling. Importantly, the CMA was
~3 times as likely to detect an abnormality than routine clinical chromosome analysis in a
neonate who was referred with a clinical suspicion of a chromosomal syndrome. Better
understanding of the causes of birth defects can potentially enable effective prenatal detection
and potential avenues for therapy on the basis of mitigating the clinical consequences of the
dosage-sensitive gene(s) whose CNV is responsible for disease.63 We recommend the
consideration of using CMA in lieu of routine cytogenetic testing to evaluate neonates with
birth defects of unknown cause.

What’s Known on This Subject

Birth defects are the leading cause of neonatal morbidity and mortality. Genomic
imbalances are believed to be the cause in a significant number of birth defects; however,
submicroscopic genomic imbalances are not identifiable using the conventional clinical
cytogenetic analysis.

What This Study Adds

Molecular cytogenetic studies using chromosomal microarray analysis (CMA) in neonates
with birth defects detects many more genomic imbalances than conventional cytogenetics.
Furthermore, the improved resolution provided by CMA enables more informed decision
making and medical management in a timely manner.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

GTG banding trypsin-Giemsa banding

FISH fluorescence in situ hybridization

DG/VCFS DiGeorge/velocardiofacial syndrome

aCGH array comparative genomic hybridization

CNV copy-number variation

BAC bacterial artificial chromosome

CMA chromosomal microarray analysis

DF dysmorphic feature

MCA multiple congenital anomalies

CHD congenital heart disease

PWS/AS Prader-Willi/Angelman syndrome

OMIM Online Mendelian Inheritance in Man
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FIGURE 1.
Ideogram summarizing the clinically significant CNVs in 109 neonates with birth defects. Red
and green indicate loss and gain in copy numbers, respectively. The lengths of the vertical bars
indicate the size of the CNVs corresponding to the cytogenetic bands; the vertical dotted lines
represent mosaicism for chromosomal aneuploidy. The Y chromosome is not shown in this
ideogram.
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FIGURE 2.
CMA ratio plot, FISH, and karyotype analyses for mosaic trisomy 18 in a female neonate with
DFs and failure to thrive. A, Different copy-number gains for chromosome 18p and 18q
(separated by a pink vertical line) detected by CMA. B and C, FISH using chromosome 18
centromere probe (green) and a probe for 18p (red) showing i(18p) (B) and trisomy 18 (C). D
and E, Karyotype analysis showing i(18p) (D) and trisomy 18 (E).
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TABLE 1
Clinical Indications at the Time of Referral and Detection Rates for Clinically Significant
CNV

Clinical Indications at the Time
  of the Referrala

Cases
(N = 638),

n

Clinically
Significant

CNVs (N = 109),
n

Overall
Detection

Rate
(17.1%), %

Possible chromosomal
  abnormalities ± othersb

21 14 66.7

Ambiguous genitalia ± others 12 4 33.3

 Ambiguous genitalia alone 7 3 42.9

 Ambiguous genitalia ± others 5 1 20.0

MCA ± others 179 32 17.9

 MCA + CHD 7 2 28.6

 MCA + DFs ± others 59 16 27.1

 MCA alone 97 14 14.4

 MCA + others (excluding CHD
  or DFs)

16 0 0.0

DFs ± others (excluding MCA) 138 34 24.6

 DFs alone 81 19 23.5

 DFs + others 57 15 26.3

CHD ± others 101 22 21.8

Others also including following
  subgroups

295 28 9.5

 Respiratory distress disorder 9 2 22.2

 Possible syndrome 24 5 20.8

 Heterotaxy 6 1 16.7

 Failure to thrive,
  gastrointestinal or renal
  anomalies

44 6 13.6

 Neuromuscular 85 9 10.6

 Intrauterine growth
  retardation or premature

21 2 9.5

 Hydrops 13 1 7.7

 Cleft lip/palate 21 1 4.8

 No indications 24 1 4.2

 Seizure disorder 19 0 0.0

 Congenital diaphragmatic
  hernia

11 0 0.0

 Skeletal 13 0 0.0

 Family history of chromosomal
  abnormality or DFs

5 0 0.0

a
Patients who had ≥2 clinical indications were included in ≥2 groups in this table.

b
Broad spectrum of birth defects.
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TABLE 2
CNVs Detected by CMA in 638 Neonates With Birth Defects

Parameter March 2006
BAC V5

November
2006 BAC

V6a

March
2007 V6

Oligo

Coverage of BACs/Oligos, n 853 1475 1475; 44 K

Genomic disorders, n >75 >150 >150

Subtelomeric coverage, Mb 10 10 10

Pericentric coverage Yes Yes Yes

Backbone coverage Yes Expanded Expanded

Neonates studied, n 197 175 266

Clinically significant CNVs, n 27 29 53

Clinically significant CMA detection
 rate, %

13.7 16.6 19.9

Benign or unknown CNVs, n 18 20 24

Benign or unknown CNVs
 detection rate, %

9.1 11.4 9.0

a
V6 has coverage of 1 clone per band at the 650-band level.
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