
Background
Fetal genetic disorders are abnormalities in structure or 
function caused by differences in the genome that are  
distinct from those primarily caused by environmental 

or other disruptive factors. Increasingly, it is recognized 
that these distinctions are not always clear. A genetic 
predisposition may increase a person’s susceptibility to 
environmental influences, and some genetic abnormalities 
may be symptomatic or apparent only under specific  
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environmental conditions or circumstances. Some dis-
orders have an epigenetic basis; that is, genes can be 
activated or silenced by modifications that may depend on 
the parent of origin or other influences. It is increasingly 
appreciated that inheritance and genetics are complex 
and that the current understanding of them is imperfect. 
Therefore, prenatal diagnosis can be complex, and it is 
not always possible to predict clinical outcome based on 
a prenatal genetic test. Additionally, prenatal diagnostic 
testing is available for some, but not all, genetic disorders. 

In general, chromosomal abnormalities and single-
gene disorders can be identified by analysis of fetal 
tissue. These conditions are most often the target of 
prenatal diagnostic testing. Chromosomal abnormalities 
in pregnancy are relatively common. Approximately  
1 in 150 live births involves some type of chromosomal 
abnormality that results in an abnormal fetal or neona-
tal phenotype (1). Chromosomal aberrations are more 
common early in pregnancy; about two thirds of occult 
spontaneous abortions (ie, early embryonic death in an 
unrecognized pregnancy), one half of recognized miscar-
riages in the first trimester, and 5% of stillbirths are the 
result of a cytogenetic abnormality (2). An estimated 
5–7% of infant and childhood deaths are the result of 
chromosomal abnormalities (3). Chromosomal abnor-
malities are also more common in the setting of multiple 
miscarriages and structural fetal abnormalities (4).

Chromosomal abnormalities include aberrations in 
chromosome number or structure. The most common 
abnormality of chromosome number is aneuploidy, 
in which there is an extra or missing chromosome or 
chromosomes. It is also possible to have one or more 
extra sets of chromosomes (eg, triploidy or tetraploidy). 
Abnormalities in chromosome number can be mosaic, 
which means that the abnormal number of chromosomes 
is not present in all cell lines. 

In addition to abnormalities of chromosome number, 
aberrations in chromosome structure, such as deletions, 
duplications, translocations, and other rearrangements, 
also can occur. Although not all deletions and duplica-
tions are pathologic, some can be quite large and are 
easily identified with karyotype analysis; others are 
small microdeletions or duplications that are detectable 
only via chromosomal microarray, fluorescence in situ 
hybridization (FISH), or other specialized methods. In 
some cases, chromosomal translocations are present but 
balanced, meaning that the normal genomic content is 
preserved but rearranged. In other cases, translocations 
or other rearrangements can result in pieces of chromo-
somes being duplicated or missing entirely. Balanced 
chromosomal translocations most often are associated 
with a normal phenotype, especially if they are inherited, 

although they can lead to recurrent miscarriage or an 
increased risk of a genetic abnormality in offspring. 
Some translocations, though, may be missing genetic 
material that can be clinically significant. This is espe-
cially true for translocations that are new mutations 
rather than those that are inherited from a parent. 

In contrast with larger rearrangements, some genetic 
disorders are caused by mutations in single genes. Diseases 
caused solely by abnormalities in a single gene are rela-
tively rare. The phenotype of many single-gene disorders 
is influenced by modifying genes or by the independent 
actions of a combination of additional genes, often with 
environmental influences. Examples of single-gene dis-
orders include sickle cell anemia, cystic fibrosis, hemo-
philia, and Tay–Sachs disease. Single-gene disorders can 
be detected by targeted genetic testing of fetal cells if the 
disorder has been diagnosed with certainty and the par-
ticular mutation in the affected family has been identified.

Even more common than chromosomal abnor-
malities are isolated structural birth defects such as 
congenital heart defects, neural tube defects, and facial 
clefts. These traits generally are determined by multiple 
genes along with environmental factors and usually are 
isolated (not associated with a genetic syndrome or diag-
nosis). Because a genetic component can exist, however, 
congenital anomalies occur more commonly within an 
affected family than in the general population. Isolated 
structural birth defects are caused by a complex inter-
play of genetic and environmental factors, so prenatal 
diagnostic genetic testing is usually not available using 
specific DNA methods; rather, diagnosis usually is made 
by ultrasonography or other imaging techniques.

Although most genes are encoded in the nuclear 
genome, the mitochondria contain their own distinct 
genome. Mitochondria are all maternally inherited from 
the cytoplasm of the oocyte. Mutations can occur in 
mitochondrial DNA and also cause disease. Because 
mitochondria are essential for aerobic metabolism, mito-
chondrial diseases commonly affect tissues with high 
energy requirements, such as the central nervous system, 
heart, and muscle. Prenatal diagnosis for mitochondrial 
diseases can be complex, and clinical outcomes are dif-
ficult to predict because of variation in the number of 
abnormal mitochondria as well as variability in associa-
tion with a predicted phenotype. 

Prenatal Diagnostic Laboratory 
Techniques
Several laboratory techniques can be used to test fetal 
samples for prenatal diagnosis. Each test provides dif-
ferent information, and the choice of test depends on the 
relevant abnormality and the preferences of the patient. 
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variants” (10). Chromosomal microarray analysis can 
identify nearly all abnormalities that are detectable with 
karyotype (except for balanced translocations and trip-
loidy), but as with karyotype analysis, some cases of 
low-level mosaicism may not be identified. Like FISH, 
chromosomal microarray analysis can be performed either 
directly on uncultured tissue or on cultured cells. An 
advantage of direct chromosomal microarray analysis of 
uncultured cells is the fast turnaround time (approximately 
3–7 days). Also, this technique can yield results from 
nonviable cells that would not grow in culture or provide 
a conventional karyotype. Thus, microarray is preferred 
over karyotype for cases of fetal death or stillbirth (10).

Chromosomal aberrations that are smaller than the 
resolution of conventional karyotype also can result in 
phenotypic anomalies; these copy number variants can 
be detected in the fetus using chromosomal microarray 
analysis. When structural abnormalities are detected by 
prenatal ultrasound examination, chromosomal micro-
array will identify clinically significant chromosomal 
abnormalities in approximately 6% of the fetuses that 
have a normal karyotype (11, 12). For this reason, chro-
mosomal microarray analysis should be recommended as 
the primary test (replacing conventional karyotype) for  
patients undergoing prenatal diagnosis for the indication 
of a fetal structural abnormality detected by ultrasound 
examination (10). If a structural abnormality is strongly 
suggestive of a particular aneuploidy in the fetus (eg, 
duodenal atresia or an atrioventricular heart defect, 
which are characteristic of trisomy 21), karyotype with 
or without FISH may be offered before chromosomal 
microarray analysis. 

Chromosomal microarray analysis has been found to 
detect a pathogenic (or likely pathogenic) copy number 
variant in approximately 1.7% of patients with a normal 
ultrasound examination and a normal karyotype (11), and 
it is recommended that chromosomal microarray analysis 
be made available to any patient choosing to undergo 
invasive diagnostic testing. 

Other tests that can be performed include measure-
ment of enzyme activity or other biomarkers, when 
indicated, to determine the presence of biochemical and 
other disorders, such as Tay–Sachs disease and Canavan 
disease. However, as DNA testing for specific mutations 
has become increasingly available and high-resolution 
ultrasonography has improved diagnostic accuracy, such 
testing is used less often (13). 

Invasive Prenatal Diagnostic Testing 
Techniques
A variety of techniques are available to obtain fetal cells 
for diagnosis, including analysis of preimplantation 

The leading indication for prenatal diagnostic test-
ing is for diagnosis of fetal chromosomal abnormalities. 
Testing is most commonly done with cells obtained 
by amniocentesis or CVS using traditional karyotype 
analysis. This method is adequate for identification of 
all aneuploidies, including the trisomies, 45,X (Turner 
syndrome), other sex chromosome aneuploidies such as 
47,XXY (Klinefelter syndrome), and large rearrange-
ments. Mosaicism in the fetus may not be detected 
by karyotype analysis if the mosaicism is not present 
in the specific line of fetal cells obtained for testing. 
Because karyotype analysis relies on metaphase analysis 
of cultured cells, results usually are not available until  
7–14 days after sampling. Culture failure is rare when 
testing cells obtained by CVS or amniocentesis, but it is 
more common when testing cells from a fetal death or 
stillbirth. The diagnostic accuracy of karyotype analysis 
is greater than 99% for aneuploidy and chromosomal 
abnormalities larger than 5–10 megabases (5).

Fluorescence in situ hybridization analysis uses  
fluorescent-labeled probes for specific chromosomes or 
chromosomal regions to identify the number of those 
chromosome regions that are present in a specimen. 
Fluorescence in situ hybridization can be performed 
on uncultured cells collected by amniocentesis or CVS 
to provide an assessment of the common aneuploidies. 
Results obtained by FISH analysis are available more 
rapidly than results obtained by conventional karyotype, 
usually within 2 days. The most common FISH panel is 
a screening test for chromosomes 13, 18, 21, X, and Y. 
Probes for other abnormalities such as 22q11.2 deletion 
syndrome are available but must be requested specifically. 
Fluorescence in situ hybridization also can be performed 
on metaphase cells after cell culture to assess for specific 
microdeletions or duplications when requested. Although 
FISH analysis has been shown to be accurate for the chro-
mosomes in the panel, it should be considered a screening 
test. False-positive and false-negative results have been 
reported with FISH (6–8), and an abnormal FISH result 
should not be considered diagnostic. Therefore, clinical 
decision making based on information from FISH should 
include at least one of the following additional results: 
confirmatory traditional metaphase chromosome analysis 
or chromosomal microarray, or consistent clinical infor-
mation (such as abnormal ultrasonographic findings or 
a positive screening test result for Down syndrome or 
trisomy 18) (9). 

Chromosomal microarray analysis is a technique that 
can identify major chromosomal aneuploidy as well as 
submicroscopic changes that are too small to be detected 
by conventional karyotyping. Duplicated or deleted  
sections of DNA often are referred to as “copy number 
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had CVS and 37,388 who had no procedure, calculated a 
procedure-related loss rate of 0.22% (1 in 455) (18). 

Although there have been reports of an association 
between CVS and limb-reduction defects, the risk of 
these anomalies appears to be very low, and the anoma-
lies are more significant with procedures performed 
earlier than 10 weeks of gestation (19). In an analysis 
by the World Health Organization, an incidence of limb-
reduction defects after CVS of 6 per 10,000 was reported, 
which is not significantly greater than the incidence in 
the general population (20). Women who are considering 
CVS and are concerned about the possible association of 
CVS with limb defects can be reassured that when the 
procedure is performed at or after 10 weeks of gestation, 
the risk is low and appears to be no greater than the risk 
among the general population (21). Another complica-
tion of CVS is vaginal spotting or bleeding, which may 
occur in up to 32% of patients after transcervical CVS 
(22); the incidence after transabdominal CVS is lower. 
The incidence of culture failure, amniotic fluid leakage, 
or infection after CVS is less than 0.5% (16, 22, 23).

Amniocentesis
Amniocentesis for the purpose of genetic diagnosis usu-
ally is performed between 15 weeks and 20 weeks of 
gestation, but it can be performed at any later gestational 
age. Many large, multicenter studies have confirmed the 
safety of genetic amniocentesis as well as its cytogenetic 
diagnostic accuracy (5). Typically, amniocentesis is 
performed using a sterile technique, a 22-gauge spinal 
needle, and continuous ultrasonographic guidance. An 
amniotic fluid sample of 20–30 mL is obtained from 
a pocket free of fetal parts and umbilical cord. If tech-
nically feasible, transplacental passage of the needle 
usually is avoided, especially in cases involving allo- 
immunization, although the data suggest that the  
procedure-related loss rate is not different with transpla-
cental and nontransplacental approaches (24, 25). The 
procedure often is postponed if the amnion and chorion 
have not fused because there is a higher likelihood of 
failing to obtain amniotic fluid or requiring a second 
puncture.

The most significant risk of amniocentesis is preg-
nancy loss. As with CVS, the procedure-related loss rate 
of midtrimester amniocentesis has decreased over time, 
likely because of increasing experience and improve-
ments in technique and imaging. Accurate data on 
miscarriage after amniocentesis are difficult to obtain 
because of the rarity of the outcome and the diffi-
culty in comparing women who experience miscarriage 
after amniocentesis with an appropriate control group. 
Contemporary single-center procedure-associated loss 

embryonic cells, CVS, and amniocentesis. Fetal blood 
and tissue are rarely required for prenatal diagnosis, and 
umbilical cord blood sampling and fetal biopsy are rarely 
performed for this indication. Analysis of cell-free DNA 
from maternal plasma has been used for prenatal testing 
for a number of DNA abnormalities or traits, such as  
Rh type, but cell-free DNA testing still is considered to 
be a screening method and is not sufficiently accurate to 
be considered diagnostic for any indication (14, 15). 

Preimplantation Genetic Diagnosis 
Preimplantation genetic diagnosis refers to the testing of 
an embryo for a specific genetic disorder before implan-
tation. Preimplantation genetic testing is performed 
on polar bodies from the oocyte and zygote, a single 
blastomere from a cleavage-stage embryo, or a group 
of cells from the trophectoderm at the blastocyst stage. 
Preimplantation genetic diagnosis can be performed 
using either cytogenetic or molecular techniques on early 
embryos created by in vitro fertilization and can be used 
to test for most genetic conditions in which a mutation 
has been identified in the family. Because preimplanta-
tion genetic diagnosis uses only one or a few cells from 
the early embryo and errors are possible, confirma-
tion of results with CVS or amniocentesis is usually  
recommended. 

Chorionic Villus Sampling
Chorionic villus sampling for prenatal genetic diagnosis 
generally is performed between 10 weeks and 13 weeks 
of gestation. Placental villi may be obtained through 
transcervical or transabdominal access to the placenta. 
Using continuous ultrasonographic guidance, the tip of 
a needle or specialized catheter is placed in the placenta 
without entering the amniotic sac. Negative pressure with 
a syringe is used to aspirate a small amount of placental 
villi. Although data comparing the risks of transcervical 
and transabdominal CVS are limited, there appears to 
be no significant difference between the two approaches 
(5, 16). 

The primary advantage of CVS over amniocentesis 
is that the procedure can be performed earlier in preg-
nancy and the viable cells obtained by CVS for analysis 
allow for shorter specimen processing time (5–7 days 
versus 7–14 days), so the results are available earlier in 
pregnancy. After an abnormal first-trimester ultrasound 
examination or screening test, the earlier CVS results 
allow for more management options, although amniocen-
tesis also is an option for diagnosis. 

The pregnancy loss rate from CVS has decreased 
over time (17). The most recent meta-analysis of studies 
that included a control group, including 8,899 women who 
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use of small-gauge needles, and ultrasonographic guid-
ance (32–34). There also is a significant learning curve 
associated with the safe performance of CVS (35, 36), 
and most published data were collected in experienced, 
high-volume centers. Procedure-related loss rates may be 
different among health care providers with less cumula-
tive experience. 

Clinical Considerations 
and Recommendations

 When should prenatal diagnostic testing be 
offered? 

All pregnant women should be offered prenatal assess-
ment for aneuploidy by screening or diagnostic testing 
regardless of maternal age or other risk factors. Genetic 
testing should be discussed as early as possible in preg-
nancy, ideally at the first obstetric visit, so that first- 
trimester options are available. Pretest counseling should 
be a process of shared decision making and should 
include a discussion of the patient’s risk of aneuploidy 
and other genetic diseases. The differences between 
screening and diagnostic testing also should be discussed. 

 Which patients are at increased risk of a fetal 
genetic disorder?

Patients with an increased risk of a fetal genetic disorder 
include those in the following categories:

•  Older maternal age—Although the risk of aneu- 
ploidy increases with increasing maternal age, age 
alone is not an effective screen for aneuploidy. 
In contrast, structural chromosomal abnormalities, 
including microdeletions and duplications, do not 
increase in frequency with maternal age (37). 

•  Older paternal age—Advanced paternal age is asso-
ciated with an increased risk of having a child with 
a single-gene disorder such as achondroplasia, Apert 
syndrome, and Crouzon syndrome. Although there 
is no consensus, most studies have suggested age 
40–50 years as a definition of advanced paternal age. 
The genetic risk is related mostly to an increased 
incidence of gene mutations that occur during sper-
matogenesis. Currently, there are no recommended 
screening or diagnostic panels that target the disor-
ders that may be increased with advanced paternal 
age; pregnancies are managed with standard screen-
ing and diagnosis, including an ultrasound examina-
tion to evaluate fetal anatomy (38).

•  Parental carrier of chromosome rearrangement—
Women or men who carry balanced chromosome 

rates of 0.13% (1 in 769) to 0.27% (1 in 370) have been 
reported (17, 26). A recent meta-analysis of miscarriage 
risk after amniocentesis, including more than 42,000 
women who underwent a procedure and 138,000 women 
who did not, estimated the loss rate due to the procedure 
to be approximately 0.11% (1 in 900) (18). The rate of 
procedure-related pregnancy loss that is attributable to 
a prenatal diagnostic procedure currently is estimated 
to be approximately 0.1–0.3% in procedures performed 
by experienced health care providers. The loss rates for 
amniocentesis and CVS are both very low. These data 
are calculated from reports from high-volume, expe-
rienced centers and may not apply to other situations. 
Also, when counseling patients about the possibility of 
miscarriage after amniocentesis, it is important to place 
the procedure-related risk in the context of the patient’s 
background risk. 

Minor complications from amniocentesis occur 
infrequently and include transient vaginal spotting or 
amniotic fluid leakage in approximately 1–2% of all 
cases (27). The perinatal outcomes of preterm premature 
amniotic membrane rupture are significantly better after  
amniocentesis than after spontaneous rupture of mem-
branes at a similar gestational age; the perinatal survival 
rate in cases of amniotic fluid leakage after midtrimester 
amniocentesis is greater than 90% (28). Needle injuries 
to the fetus have been reported but are rare when amnio-
centesis is performed under continuous ultrasonographic 
guidance. Amniotic fluid cell culture failure occurs in 
0.1% of samples (29, 30). 

In the past, early amniocentesis has been performed 
between 10 weeks and 13 weeks of gestation using a 
technique similar to midtrimester amniocentesis (31). 
However, early amniocentesis has significantly higher 
rates of pregnancy loss and other complications than 
midtrimester amniocentesis. In a multicenter random-
ized trial, the spontaneous pregnancy loss rate after 
early amniocentesis was 2.5%, compared with 0.7% 
for traditional amniocentesis (27). Membrane rupture 
was more likely after early amniocentesis, and the inci-
dence of clubfoot was 1.3%, compared with 0.1% after 
midtrimester amniocentesis. Significantly more amniotic 
fluid culture failures occurred after the early procedure, 
necessitating an additional invasive procedure for diag-
nosis (27). For these reasons, early amniocentesis (before  
14 weeks of gestation) is not recommended. 

Experience With Diagnostic Procedures
In early studies, it was shown that the incidence of preg-
nancy loss, blood-contaminated specimens, leaking of 
amniotic fluid, and the need for more than one needle 
puncture are related to the experience of the operator, the 
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tosis have a 50% risk of transmission. Some auto-
somal dominant disorders seen in a previous child 
but with no other family history may have arisen as 
a new mutation. In such cases, there may be a small 
increased risk of recurrence, depending on the dis-
order (45). To ensure that any testing for recurrence 
is informative, a diagnosis established by molecular 
testing of the affected child usually is necessary. 
Such confirmation also will ensure that the risk for a 
future pregnancy has been assessed accurately.

•  Previous fetus or child with autosomal trisomy or 
sex chromosome aneuploidy—The recurrence risk 
after one affected pregnancy is 1.6–8.2 times the 
maternal age risk of autosomal trisomies, depending 
on the type of trisomy, whether the index pregnancy 
was a spontaneous abortion, the maternal age at ini-
tial occurrence, and the maternal age at subsequent 
prenatal diagnosis (46, 47). The risk of a second 
autosomal trisomy appears to pertain to any chro-
mosome, not just the trisomy occurring in the index 
pregnancy. The recurrence risk is less certain but 
also is elevated for 47,XXX and 47,XXY. The recur-
rence risk does not appear to be increased for 45,X 
or 47,XYY (46, 48). 

•  Structural anomalies identified by ultrasonogra-
phy—The presence of a fetal structural abnormality 
increases the likelihood of aneuploidy, copy number 
variants such as microdeletions, and other genetic 
syndromes (11, 12, 49, 50). The risks are highly 
dependent on the number and nature of the structural 
abnormalities present in the fetus, and some anoma-
lies (or combination of anomalies) are strongly 
associated with specific genetic abnormalities. For 
some structural abnormalities, the risk of genetic 
abnormality surpasses 50%, whereas other isolated 
malformations are only rarely associated with aneu-
ploidy or other genetic conditions. The association 
of aneuploidy with ultrasonographic soft markers 
varies with different findings but generally is low in 
the presence of most of the minor markers (51, 52).

 What laboratory tests are used to diagnose 
fetal genetic abnormalities?

The laboratory testing performed to diagnose fetal 
genetic disorders depends upon the indication for the test, 
the gestational age at testing, and patient preferences. 
Patients at risk of aneuploidy should be offered CVS 
or amniocentesis for chromosomal analysis with karyo-
type. A patient at increased risk of having a pregnancy 
affected by a genetic disorder should be offered CVS or  
amniocentesis with DNA testing for the specific  

rearrangements, such as translocations or inversions, 
typically have a normal phenotype themselves but 
are at risk of producing gametes with unbalanced 
chromosomes that result in genetic abnormalities 
in offspring. This may occur because of the loss or 
duplication of a small amount of genetic material, 
disruption of a gene, or alteration of gene function. 
For most rearrangements, the observed risk of an 
abnormal live-born child is less than the theoretic 
risk because some of these gametes result in nonvia-
ble conceptions and miscarriage. In general, carriers 
of chromosome rearrangements that are identified 
after the birth of a child with an abnormality have 
a 5–30% risk of having offspring with unbalanced 
chromosomes in the future, whereas those identified 
for other reasons (eg, during an infertility workup) 
have a 0–5% risk (2). Exceptions are some pericen-
tric inversions, such as the one involving chromo-
some 9, which are seen as common variants in the 
general population and generally are considered to 
be of no clinical consequence (2). 

•  Parental aneuploidy or aneuploidy mosaicism—
Women with trisomy 21, although subfertile, have 
an increased risk of having offspring with a trisomy 
(39). Women with 47,XXX and men with 47,XYY 
usually are fertile, and although limited data are 
available, they are not known to have a discern-
ible increased risk of having offspring with a tri-
somy (40). The limited available data on men with 
Klinefelter syndrome (47,XXY) whose partners 
conceive by in vitro fertilization with intracytoplas-
mic sperm injection do not indicate an increased 
risk of aneuploidy in the offspring (41).

•  Prior child with structural birth defect—Most birth 
defects, such as neural tube defects and congenital 
heart defects, are isolated and occur because of an 
interaction of multiple genes with environmental 
factors. Because there is a genetic component to 
such conditions, they have a tendency to recur in 
families. Although the recurrence risk of isolated 
structural abnormalities that are not associated with 
a recognized genetic syndrome varies by the anom-
aly and often by the sex of the affected child, it gen-
erally is in the range of 2–3%, but it may be higher 
depending on the number of affected individuals 
(42–44). 

•  Parental carrier of a genetic disorder—Parents who 
are affected by or are carriers of genetic disorders 
such as sickle cell disease, Tay–Sachs disease, and 
cystic fibrosis are at increased risk of having an 
affected child. Individuals who are affected by an 
autosomal dominant disorder such as neurofibroma-
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diagnostic testing for any indication. Because chromo-
somal microarray analysis does not require dividing 
cells, it is the best test for the assessment of fetal death 
or stillbirth (10).

Some structural malformations or patterns of malfor-
mations are characteristic of specific genetic disorders. 
Increasingly, molecular DNA testing for single condi-
tions is available and may be appropriate. For other find-
ings, such as a skeletal dysplasia, a panel of genes for 
common and similar conditions may be available. 

 What information should be provided to the 
patient before and after the diagnosis of a 
fetal genetic abnormality and how should this 
information be provided? 

Patients should be provided with general information 
about the disorders that are potentially detectable with 
genetic testing before making a decision to undergo 
the specific tests being offered. Although much of this 
counseling can be provided by the patient’s obstetrician–
gynecologist or other obstetric care provider, referral 
to a genetic counselor or other specialist with genetic 
training and expertise can be helpful in providing an  

mutation that causes the disease. Karyotype or microar-
ray analysis should be offered in every case, although 
performing karyotype or microarray may not be neces-
sary in a low-risk patient. Also, routine measurement of 
amniotic fluid alpha fetoprotein to screen for neural tube 
defects may not be necessary in all cases when amnio-
centesis is performed for other indications and the ultra-
sound examination is normal with good visualization of 
the fetal spine and head (Table 1).

In patients with a major fetal structural abnormality 
found on ultrasound examination, CVS or amniocentesis 
with chromosomal microarray should be offered (10). 
If a structural abnormality is strongly suggestive of a 
particular aneuploidy in the fetus (eg, duodenal atresia or 
an atrioventricular heart defect, which are characteristic 
of trisomy 21), karyotype analysis with or without FISH 
may be offered before chromosomal microarray analysis. 

If a patient is at increased risk of having offspring 
with trisomy 13, 18, or 21 based on abnormal serum 
screening or cell-free DNA testing, amniocentesis with 
FISH plus karyotype or with karyotype alone should be 
offered. Additionally, chromosomal microarray analy-
sis should be available to women undergoing invasive 

Table 1. Tests Available for Prenatal Genetic Diagnosis

Test Turnaround Time Conditions Detected Comments

Conventional
karyotype

7–14 days Chromosomal  
abnormalities > 5–10 Mb

Traditional method for diagnosis of 
chromosomal abnormalities

FISH –— Direct  
preparation  
(interphase)

24–48 hours Rapid assessment of  
major aneuploidies  
(chromosomes 13, 18, 21,  
X, and Y)

FISH with direct testing of cells 
from CVS is less accurate than 
with cultured cells from CVS or 
amniocentesis. Results should be 
confirmed on cultured cells or have 
additional clinical features before 
acting on results.

FISH —
Cultured cells 
(metaphase)

7–14 days Microdeletions and duplications Can be used to test for specific 
abnormalities when clinically 
suspected

Chromosomal microarray 3–5 days (direct testing);

10–14 days (cultured cells)

Copy number variants   
>50–200 kb

Whole genome screen for copy 
number variants. Detects major 
chromosomal abnormalities except 
balanced rearrangements and some 
triploidies. Detection varies with 
different microarray platforms.

Preimplantation genetic diagnosis 1–2 days Genetic disorder in which familial 
mutation has been identified

Due to possibility of error, 
confirmation with CVS or 
amniocentesis is recommended

Molecular DNA testing 3–14 days (faster  
with direct testing  
than when cultured  
cells are required)

Genetic mutations previously 
demonstrated to be present in 
a family or suspected based on 
ultrasound or other findings in a 
fetus

Usually a targeted test focusing on 
a specific disorder (or category of 
disorders) suspected to be present in 
a fetus based on ultrasound findings 
or family history

Abbreviations: CVS, chorionic villus sampling; FISH, fluorescence in situ hybridization; IVF, in vitro fertilization.
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If a conventional karyotype is the only test available 
to the patient and the timing of the fetal death is recent, 
amniotic fluid should be obtained by amniocentesis (53, 
54). Amniocytes obtained in sterile fashion provide a 
greater likelihood of cell growth and an eventual result 
compared with tissue obtained after delivery.

 How should women who have blood-borne 
infections, such as hepatitis B virus, hepatitis 
C virus, or human immunodeficiency virus, 
be counseled about prenatal diagnostic test-
ing for fetal genetic disorders?

Although somewhat limited, current data indicate that 
amniocentesis increases the risk of neonatal infection 
in women who are chronically infected with hepatitis B 
virus, and the rate of vertical transmission is dependent 
on viral load. The vertical transmission rate was not 
increased with amniocentesis in a group of women who 
had a low viral load, whereas women with a high viral 
load had a 21-fold higher rate of newborn infection (55). 
Also, it appears that women who are positive for hepati-
tis B e antigen have a higher risk of vertical transmission 
after amniocentesis (56). 

The data regarding amniocentesis in women with 
hepatitis C are even more limited, but the risk of trans-
mission appears to be low. A series of 22 pregnant 
women who were positive for hepatitis C virus and 
who underwent second-trimester amniocentesis included  
16 women who had detectable hepatitis C RNA by 
polymerase chain reaction testing; only one of these  
16 women had hepatitis C virus detected in the amni-
otic fluid. None of the resulting 10 newborns who were 
tested were positive for hepatitis C RNA, including the 
one with virus in the amniotic fluid (57).

Before the advent of multidrug therapy for human 
immunodeficiency virus (HIV) infection, amniocentesis 
in HIV-positive women was associated with an increased 
risk of vertical transmission (58). However, more recent 
small series of women taking combination antiretroviral 
therapy (CART) have suggested that the risk of newborn 
infection is not increased after amniocentesis, espe-
cially when maternal viral load is low or undetectable 
(59). Data from the French Perinatal Cohort included  
81 HIV-positive patients who underwent amniocentesis 
and who were treated with CART using three or more 
drugs during their pregnancy; 94% of the patients initi-
ated CART before their procedure (60). There was no 
difference in the rate of maternal-to-child transmission 
in this group compared with a CART-treated control 
group who did not have amniocentesis (0.0% [0 of 81] 
versus 1.2% [30 of 2,528]; P=1.0). Although data on 
maternal viral load were not reported in this study, it 

individualized determination of risk, especially in com-
plex situations. In all cases where a fetal genetic abnor-
mality is suspected, referral to a health care provider 
with genetics expertise can help with counseling, choos-
ing the right test, and interpreting the test results.

Although prenatal testing historically has focused 
largely on Down syndrome, the range of clinically sig-
nificant disorders that can be detected has expanded far 
beyond this one condition. Patients should be offered 
screening for structural defects with ultrasonography 
and maternal serum screening, carrier screening for 
single-gene disorders such as cystic fibrosis, and testing 
for chromosomal aneuploidy. When the diagnosis of a 
chromosomal abnormality or another genetic disorder 
in the fetus is made, the patient should receive detailed 
information, to the extent that information is available, 
about the natural history of the specific condition. With 
most fetal genetic or structural abnormalities, referral to 
specialists with expertise in the specific disorder is indi-
cated because patient decision making requires accurate 
and detailed counseling. For many copy number variants 
identified by chromosomal microarray, interpretation 
requires consultation with a genetic counselor or special-
ist in prenatal genetic diagnosis. The option of pregnancy 
termination should be discussed when a genetic disorder 
or major structural abnormality is detected prenatally. 
Patients may benefit from additional testing, including 
ultrasonography or fetal echocardiography, and refer-
ral to appropriate obstetric and pediatric specialists or 
neonatologists to discuss pregnancy and neonatal man-
agement issues. Referral to parent support groups, coun-
selors, social workers, or clergy may provide additional 
information and support for some patients.

 What is the best test and what is the best  
tissue for genetic diagnosis in cases of fetal 
death or stillbirth?

Genetic testing often is recommended in the evaluation 
of unexplained fetal death and stillbirth. The commonly 
available tests are conventional karyotype and chromo-
somal microarray analysis. Because a karyotype analysis 
can only be obtained with living tissue, it has a higher 
failure rate when used to test tissue from a stillbirth or 
fetal death. In contrast, chromosomal microarray analysis 
does not require viable cells and, therefore, is the pre-
ferred test for genetic analysis after fetal death or stillbirth. 
Also, the additional information that chromosomal micro- 
array analysis provides can be beneficial in ascertaining a 
genetic cause for the fetal death (10). 

Any type of fetal or placental tissue or amniotic 
fluid can be submitted for genetic testing by chromo-
somal microarray analysis. Care should be taken to 
avoid contamination with maternal tissue or blood.
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mately 2% (65, 66). There are no data concerning loss 
rates after amniocentesis is performed in women with 
high-order multiple gestations. 

Similar information for twin gestations from small, 
nonrandomized series exists for CVS (67, 68). In one 
recent systematic review, the procedure-related loss rate 
for CVS and amniocentesis in twin pregnancies was esti-
mated at 1%. With CVS, there is the additional potential 
for cross-contamination, or inadvertent sampling of both 
fetuses that gives rise to misleading results; this risk has 
been estimated at approximately 1% (69).

Chorionicity is important in assessing risk in mul-
tiple gestations. A complex counseling issue arises with 
a monochorionic twin gestation, in which the likelihood 
of discordance in the karyotype is low, and patients 
may opt for having a karyotype analysis performed on 
a single fetus. In this situation, it is important to discuss 
the accuracy of determining chorionicity by ultrasono- 
graphy. In rare circumstances, monochorionic twins can 
be discordant for chromosomal abnormalities; the rate of 
such discordance is unknown. 

 How should variants of uncertain signifi-
cance be discussed with women after karyo-
type analysis or chromosomal microarray?

Prenatal tests of all types, including ultrasonography, 
screening tests, and diagnostic tests, can provide results 
of uncertain significance. When so-called genetic “vari-
ants of uncertain significance” are detected with karyo-
type or chromosomal microarray analysis, the results 
should be discussed with the patient by a knowledgeable 
health care provider who has a good understanding of 
what is and is not known about the specific finding. 
Understanding of variants of uncertain significance is 
rapidly evolving, and referral to a genetics expert for 
consultation and counseling can assist the patient with 
informed decision making.

 How often does chromosomal mosaicism 
occur in amniocentesis or chorionic villus 
sampling results and what does it mean?

Chromosomal mosaicism, the presence of more than one 
cell line identified during cytogenetic analysis, occurs in 
approximately 0.25% of amniocentesis specimens and 
1% of chorionic villus specimens (70–72). Mosaicism 
can be suggested when the fetal specimen contains 
maternal cell contamination, causing a false-positive 
mosaic result. These false-positive results can be mini-
mized by discarding the first 1–2 mL of the amniocen-
tesis specimen and by careful dissection of chorionic 
villi from maternal decidua. Mosaicism is higher in 
CVS samples that are tested directly, whereas the rate 

is assumed that the low vertical transmission rate was 
related to low or undetectable viral loads in the CART-
treated women and to the presence of antiretroviral 
medication in the amniotic fluid.

There are insufficient data to assess the risk of CVS 
in women with chronic viral infections. Also, there are 
no adequate data to define the degree of risk, but it is 
likely that transmission risk is higher in patients with 
multiple infections, such as simultaneous infection with 
HIV and hepatitis C virus.

Overall, pregnant women who are considering pre-
natal diagnostic testing and who have hepatitis B virus, 
hepatitis C virus, or HIV should be counseled about the 
possibility of an increased risk of transmission to the 
newborn that may come with CVS or amniocentesis. 
The potential risks of the procedure should be discussed 
in the context of the likelihood of detecting a fetal abnor-
mality and the value that the test result might provide. In 
women with HIV infection, CART should be initiated 
and any procedure postponed until the viral load is unde-
tectable (61). Transmission of HIV with amniocentesis 
does not appear to be increased in women treated with 
CART when the viral load is undetectable. Counseling 
is complex in these situations, and the advantages and 
disadvantages of invasive and noninvasive testing and 
screening options should be discussed.

 How does prenatal diagnostic testing differ 
for women with multiple gestations?

Counseling patients regarding the risk of aneuploidy and 
the risks of diagnostic testing in multiple gestations is 
more complex than for singleton pregnancies because of 
the presence of more than one fetus and because the data 
on multiple gestations are limited. In women who are 
pregnant with twins, formulas and tables have been used 
to estimate the risk of aneuploidy based on maternal age 
and ultrasonographic determination of zygosity (62, 63). 
Recent data, however, suggest that such models may 
overestimate the risk of aneuploidy in twins. Data from 
a large European population registry indicated that the 
adjusted relative risk of Down syndrome per fetus from 
multiple gestations is only approximately one half of that 
of singletons (64). 

Counseling for multiple gestations should include a 
discussion of options for pregnancy management if only 
one fetus has aneuploidy. Such options include continu-
ing the pregnancy, terminating the entire pregnancy, and 
selective second-trimester termination of the affected fetus. 

There are limited data concerning the risk of fetal 
loss in twin gestations when amniocentesis or CVS is 
performed. Recent studies have estimated that the attrib-
utable loss rate of amniocentesis in twins is approxi-
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management recommendations, including fetal surveil-
lance, intrapartum monitoring, and mode of delivery; 
referral to pediatric specialists and a tertiary care center for 
delivery, if appropriate; availability of adoption or preg-
nancy termination; and perinatal palliative care services 
and comfort care for delivery of a child with a diagnosis 
or fetal presentation that is incompatible with long-term 
survival (74).

Summary of 
Recommendations and 
Conclusions
The following recommendations and conclusions 
are based on good and consistent scientific 
evidence (Level A):

  Chromosomal microarray analysis has been found to 
detect a pathogenic (or likely pathogenic) copy number 
variant in approximately 1.7% of patients with a nor-
mal ultrasound examination result and a normal karyo-
type, and it is recommended that chromosomal 
microarray analysis be made available to any patient 
choosing to undergo invasive diagnostic testing. 

 Early amniocentesis (before 14 weeks of gestation) is 
not recommended.

 When structural abnormalities are detected by prenatal 
ultrasound examination, chromosomal microarray will 
identify clinically significant chromosomal abnormali-
ties in approximately 6% of the fetuses that have a 
normal karyotype. For this reason, chromosomal 
microarray analysis should be recommended as the 
primary test (replacing conventional karyotype) for 
patients undergoing prenatal diagnosis for the indica-
tion of a fetal structural abnormality detected by ultra-
sound examination. If a structural abnormality is 
strongly suggestive of a particular aneuploidy in the 
fetus (eg, duodenal atresia or an atrioventricular heart 
defect, which are characteristic of trisomy 21), karyo-
type with or without FISH may be offered before chro-
mosomal microarray analysis.

The following recommendations and conclusions 
are based on limited or inconsistent scientific evi-
dence (Level B):

  An abnormal FISH result should not be considered 
diagnostic. Therefore, clinical decision making based 
on information from FISH should include at least one 
of the following additional results: confirmatory tradi-
tional metaphase chromosome analysis or chromo-
somal microarray, or consistent clinical information 

of mosaicism is much lower in CVS testing of cultured 
trophoblasts. 

When mosaicism is found by CVS, amniocente-
sis typically is offered to assess whether mosaicism is 
present in amniocytes. In approximately 90% of cases, 
the amniocentesis result is normal, and the mosaicism 
is assumed to be confined to the trophoblast, a condi-
tion called confined placental mosaicism (70). Although 
confined placental mosaicism is unlikely to cause defects 
in the fetus, it carries an increased risk of third-trimester 
growth restriction (73). Confined placental mosaicism 
also can be associated with so-called “trisomy rescue” of 
an originally trisomic conception. When this occurs, the 
fetus may be disomic but have uniparental disomy, a con-
dition in which both chromosomes were inherited from 
the same parent. Trisomy rescue and uniparental disomy 
can involve potentially any chromosome, but if imprinted 
genes are present on the particular chromosome involved, 
this may have consequences for the fetus. Therefore, 
testing for uniparental disomy is indicated as a follow-up 
to confined placental mosaicism detected by CVS when 
a chromosome containing known imprinted genes is 
involved, such as those related to Prader–Willi syndrome 
or Angelman syndrome. If the chromosome involved in 
the original trisomy does not contain imprinted genes, the 
phenotype usually is normal.

After a mosaic CVS result with a normal karyotype 
on cultured amniocytes, there still is a possibility of the 
fetus having mosaicism in other cell lines. With true 
somatic mosaicism, clinical manifestations depend on the 
specific mosaic cell lines and may range from completely 
normal to findings consistent with the abnormal chromo-
some result. The counseling of patients with the finding 
of chromosomal mosaicism is complex, and referral for 
genetic counseling may be especially useful in these 
cases. In the past, cordocentesis often was performed to 
further evaluate chromosomal mosaicism discovered after 
CVS or amniocentesis; more recently, it has been recog-
nized that this adds little to the prediction of outcome for 
the same reason that amniocentesis can be misleading. 

 What are the advantages, risks, and consid-
erations for prenatal diagnostic testing for 
fetal genetic disorders for the patient who 
states that she would not pursue pregnancy 
termination for an abnormality?

Prenatal diagnosis is not performed solely for assistance 
with the decision of pregnancy termination. Such testing 
provides other useful information for the physician and 
the patient. Counseling should be nondirective, informa-
tive, and respectful of any decision made by the patient. If 
a diagnosis of a genetic abnormality is made, counseling 
should include family education and preparation; obstetric 
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(PA): Lippincott Williams & Wilkins; 2003. p. 861–906. 
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Sampling and Amniocentesis Study Group. N Engl J Med 
1992;327:594–8. (Level I)

 6.  Toutain J, Epiney M, Begorre M, Dessuant H, 
Vandenbossche F, Horovitz J, et al. First-trimester pre-
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ultrasound abnormalities: the reliability of interphase 
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retrospective study and review of the literature. Prenat 
Diagn 2001;21:293–301. (Level II-3)

 8.  Bryndorf T, Lundsteen C, Lamb A, Christensen B, Philip 
J. Rapid prenatal diagnosis of chromosome aneuploi-
dies by interphase fluorescence in situ hybridization: a 
one-year clinical experience with high-risk and urgent 
fetal and postnatal samples. Acta Obstet Gynecol Scand 
2000;79:8–14. (Level III)

 9.  Technical and clinical assessment of fluorescence in situ 
hybridization: an ACMG/ASHG position statement. I. 
Technical considerations. Test and Technology Transfer 
Committee, American College of Medical Genetics. 
Genet Med 2000;2:356–61. (Level III) 

10.  The use of chromosomal microarray analysis in prena-
tal diagnosis. Committee Opinion No. 581. American 
College of Obstetricians and Gynecologists. Obstet 
Gynecol 2013;122:1374–7.

11. Wapner RJ, Martin CL, Levy B, Ballif BC, Eng CM, 
Zachary JM, et al. Chromosomal microarray versus 
karyotyping for prenatal diagnosis. N Engl J Med 
2012;367:2175–84. (Level II-3)

12.  de Wit MC, Srebniak MI, Govaerts LC, Van Opstal 
D, Galjaard RJ, Go AT. Additional value of pre-
natal genomic array testing in fetuses with isolated  
structural ultrasound abnormalities and a normal karyo-
type: a systematic review of the literature. Ultrasound 
Obstet Gynecol 2014;43:139–46. (Level III)

13.  Flick A, Krakow D, Martirosian A, Silverman N, Platt LD. 
Routine measurement of amniotic fluid alpha-fetoprotein 
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J Obstet Gynecol 2014;211:139.e1–6. (Level II-3)

14.  Bianchi DW, Parker RL, Wentworth J, Madankumar R, 
Saffer C, Das AF, et al. DNA sequencing versus standard 

(such as abnormal ultrasonographic findings or a posi-
tive screening test result for Down syndrome or tri-
somy 18).

 The rate of procedure-related pregnancy loss that is 
attributable to a prenatal diagnostic procedure currently 
is estimated to be approximately 0.1–0.3% in proce-
dures performed by experienced health care providers. 
The loss rates for amniocentesis and CVS are both very 
low. 

 Transmission of HIV with amniocentesis does not 
appear to be increased in women treated with CART 
when the viral load is undetectable.

The following recommendations and conclusions 
are based primarily on consensus and expert opinion 
(Level C):

 All pregnant women should be offered prenatal assess-
ment for aneuploidy by screening or diagnostic testing 
regardless of maternal age or other risk factors.

 Prenatal genetic testing cannot identify all abnormali-
ties or problems in a fetus, and any testing should be 
focused on the individual patient’s risks, reproductive 
goals, and preferences. 

 Genetic testing should be discussed as early as possible 
in pregnancy, ideally at the first obstetric visit, so that 
first-trimester options are available.

For More Information
The American College of Obstetricians and Gyne- 
cologists has identified additional resources on topics 
related to this document that may be helpful for ob-
gyns, other health care providers, and patients. You may 
view these resources at http://www.acog.org/more-info/
PrenatalGeneticTesting.

These resources are for information only and are not 
meant to be comprehensive. Referral to these resources 
does not imply the American College of Obstetricians 
and Gynecologists’ endorsement of the organization, the 
organization’s web site, or the content of the resource. 
The resources may change without notice. 
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sia and sci en tif ic con fer enc es were not con sid ered adequate 
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located by re view ing bib liographies of identified articles. 
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than one center or research group.

II-3 Evidence obtained from multiple time series with or 
with out the intervention. Dra mat ic re sults in un con-
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III Opinions of respected authorities, based on clin i cal 
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Based on the highest level of evidence found in the data, 
recommendations are provided and grad ed ac cord ing to the 
following categories:

Level A—Recommendations are based on good and con-
sis tent sci en tif ic evidence.

Level B—Recommendations are based on limited or in con-
sis tent scientific evidence.

Level C—Recommendations are based primarily on con-
sen sus and expert opinion.
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