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A b s t r ac t
Invasive prenatal diagnosis is a series of procedures necessary to obtain fetal or embryo-fetal tissues useful for diagnosing
pathologies of chromosomal and/or genetic origin. It can also be used for detecting infectious agents, metabolism errors,
and/or for studying the composition of fetal fluids such as blood and urine. Most common prenatal techniques are chorionic
villus sampling, amniocentesis, and cordocentesis. They are options to choose from according to the gestational age and the
type of fetal pathology to investigate.
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Introduction
By the term “invasive prenatal diagnosis,” we mean a series
of procedures necessary to obtain fetal or embryo-fetal
tissues useful for diagnosing pathologies of chromosomal
and/or genetic origin. It can also be used for detecting
infectious agents, metabolism errors, and/or for studying the
composition of fetal fluids such as blood and urine.1
Chorionic villus sampling (CVS), amniocentesis, and
cordocentesis are the prenatal techniques most commonly
employed.2 They are alternatives to choose from according
to the gestational age and the type of fetal pathology to
investigate (Fig. 1).
Before sampling, it is mandatory to perform preexamination genetic counseling. Such counseling must be
informative and not directive, addressed to the couple and not
to the single woman, whenever possible. It has to be structured
in order to inform the couple about the disease and the existing
chromosomal and/or genetic screening tests, to explain the
risk of transmitting a genetic and/or chromosomal pathology if
the parents are carriers, and to describe the prenatal diagnosis
techniques, the complications related to them as well as the
possible medical /surgical treatments. It is useful to obtain
written informed consent. The counseling must be performed
by an expert in genetics and fetal medicine.3

I n d i c at i o n s
Fetal karyotype determination is the most frequent indication
for performing invasive prenatal diagnosis.4 The increased
risk of chromosomal diseases after combined screening
tests (enlarged fetal nuchal translucency, free-beta hCG,
and pregnancy-associated plasma protein A (PAPP-A)5,6 or
positive noninvasive prenatal screening (NIPS)7 using cell-free
DNA, are the most frequent indications but these can
vary worldwide according to the national health policy.
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Maternal age over 35 years, the “magic number,” is already
an indication in some countries.8
Genetic diseases and especially Mendelian transmission
genetic diseases are the second most frequent indication9 for
performing invasive prenatal diagnosis, in some countries at
greatest risk for genetic diseases of ethnic origin in particular,
where there are a high number of healthy carriers of a pathology.
Parent carriers of structural chromosomal rearrangements,
a previous son with a chromosomal anomaly and
malformations detected by an ultrasound examination are
other indications for studying the fetal karyotype.10
The choice of technique to be used depends on the
indication, on the period of pregnancy when the sampling
is obtained, on the specific experience of the operator and
the laboratory.11 The preference of the woman, informed
beforehand of the advantages and risks of each technique,
must be considered.
The earliest and safest technique should always be
preferred although the operator’s preference and the
laboratory experience both have a fundamental role in
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Fig. 1: Invasive prenatal procedures

reducing the occurrence of complications and ensuring the
accuracy of the result.12
If an early diagnosis is required, CVS, performed
transabdominally, is the method of choice.13 If the
transabdominal route is not available for the operator, the
transcervical route or early amniocentesis is to be preferred.14

I n va s i v e P r e n ata l T e c h n i q u e s
Most common prenatal techniques are chorionic villus
sampling, amniocentesis, and cordocentesis.

Chorionic Villus Sampling
Before performing the CVS procedure, an ultrasound
examination must be meticulously carried out and aimed at
evaluating the number of fetuses, vitality, fetal biometry, and
at exploring as best as possible the fetal anatomy accessible
in that gestational age. The evaluation of the chorion
frondosum position is necessary when choosing the best spot
to insert the needle; the presence of a possible decidua-corial
detachment must also be highlighted.

Indications
Determination of fetal kar yotype by traditional
cytogenetics or by CGH-Array
• Fetal DNA examination
• Enzymatic tests.
•

Timing
Chorionic villous sampling can be performed transabdominally
from 10th week to term15,16 and transcervically (TC-CVS) from
10–13 weeks.17,18
Samples obtained before the 10th week seem to be
associated with a higher risk of abortion, transverse limb
defects, and oromandibular hypoplasia.19,20

Technique
When carrying out the chorionic villous sampling procedure,
transabdominally or TC-CVS, continuous real-time ultrasound
84

monitoring with a transabdominal probe of at least 3.5 Mh
is necessary.
Careful disinfection of the abdomen or vagina must be
performed before proceeding with the collection. The use
of a sterile wrapping for the ultrasound probe and a sterile
gel is recommended for the transabdominal sampling and
all procedures should usually be performed at an empty
bladder of the patient.16
The transabdominal technique can be performed using
a 20-gauge spinal needle17 or a double-needle (20-gauge
inserted into an 18-gauge “guide” needle).21 The use of a
larger-caliber needle allows a greater quantity of tissue to
be sampled but it appears to be associated with a greater
risk of complications. In the second and third trimester of
pregnancy, the CVS can be performed only transabdominally;
in these cases, an 18 or 19-gauge needle can be employed.20
The sampling must be performed under continuous
ultrasound guidance, useful both for reaching the optimal
spot to introduce the needle and for monitoring the
procedure.
The transabdominal technique can be performed either
free-hand or with the needle guiding (ultrasound probe
support) and by continuous aspiration with a 2 mL syringe
or with a pistol.17
The TA free-hand technique can be performed by
inserting the needle tangentially22 or obliquely17 with
respect to the probe. The tangential insertion has a short
needle course, the trajectory can be easily corrected, and
is less painful; the oblique insertion has the advantage of
allowing the needle to be displayed along its entire path
but is considered more painful. In retroversed uterus or
posterior placenta cases, transvaginal manipulation of the
uterus by the assistant may be required. Once the sampling
spot is accessed, it is necessary to move the needle up and
down, aspirating continuously, in order to cut and obtain
the chorionic villi23
Transcervical procedures can be performed by a
polyethylene catheter with an aluminum mandrel24 or by rigid
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or curved biopsy forceps.25,26 When necessary, a tenaculum
is useful for neck traction and for horizontalizing the uterus,
and then proceed with the sampling of chorionic villi.
All techniques must be performed under continuous
ultrasound guidance. which is useful for reaching the optimal
spot, for introducing the needle, and for following the sample.
The choice of technique- transabdominal or transcervical,
depends on the doctor’s experience, the placenta location,
and the patient’s choice.27
The TA-CVS is to be preferred for the lower risk of fetal
loss. and the lower incidence of vaginal bleeding compared
to the TV-CVS technique. The risk of infections is also lower
with the transabdominal route.28
The sampling needle may happen to be inserted in the
amniotic sac during the procedure. This occurs rarely, 0–5%
of cases are reported in the literature.
If repeating the sampling is necessary due to failure or
insufficient sampled material, it is recommended to use a
new sterile spinal needle or catheter forceps.
Then it is possible to perform a second attempt but not
more than two as the fetal loss rate can increase significantly.
Local anesthesia is not required. There is no evidence
on the usefulness of hospitalization, tocolysis, or the need
to perform antibiotic prophylaxis if not in selected cases.4

Chorionic Villus Sampling in Multiple Gestations
Chorionic villus sampling in multiple pregnancies is burdened
by additional problems. 29 The difficulties depend on the
number of fetuses to test, the position of placentas and the
chorionicity, and the additional risk of contamination. In
order to avoid these problems, it is essential to perform a
careful ultrasound check. The position of the placenta and
the respective fetuses (labeling) and the distinguishing of
the placental margins from each other are fundamental
for reducing the risk of erroneous attribution of the
results and the risk of contamination between the fetuses.
Sampling errors and fetus-to-fetus contamination have
been documented in 2–4% and up to 11.5 % of samples,
respectively and 1% is the fetal loss rate following CVS in
twins, although no idoneous studies are present in literature
to confirm it.30
The number of samples to be obtained depends on the
chorion. In the case of bichorionic pregnancies, where the
fetuses have a different chromosomal profile, it is necessary
to take two samples if the examination is aimed at both twins.
In monochorionic twins, it is sufficient to perform a single
sampling for monogenic Mendelian transmission diseases.
One sample is enough for studying the fetal karyotype
although further evaluation must be considered. In case of
CRL discrepancy >10%, discordant nuchal translucency values
of both fetuses or the presence of discrepant anatomical
anomalies, the risk of heterokaryotyping must be considered.
In all these cases both fetuses must be sampled, and
second-trimester amniocentesis could be an option. It should
also be taken into consideration that selective reduction in

monochorionic twins can be performed only after 16 weeks
of gestation.31

Complications
Fetal loss is the most feared complication of invasive
procedures. According to a recent meta-analysis the fetal loss
risk has been reported to be very low, varying between 0.2%
and 2%. The risk changes according to the operator’s
experience ranging between 1/150–1/500.4,32
The fetal loss rate also appears to be higher after applying
the transcervical technique although it has not been quantified.
The transabdominal route is preferable due to the
reduced incidence of complications such as vaginal bleeding,
which occurs in 30% of women after transcervical treatment.
The risk of fetal loss is inversely proportional to the period of
pregnancy but it is mainly linked to the operator’s experience.
Suggesting bed rest after the procedure is not necessary
although it is advisable to keep the woman under observation
for a few hours. Normal daily activities are advisable even if
performing a physical activity for several days after is not
indicated.

Contraindications
There are no absolute contraindications. However, in cases of
vaginal bleeding, it is mandatory to reschedule the procedure
for TC-CVS, meanwhile, this is preferable but not mandatory
for chorionic villous sampling performed transabdominally
(TA CVS).
Evident chorio-decidual detachments have to be avoided
during sampling and when a contractile zone is identified,
a 20-minute delay should be indicated.
No evidence of viral maternal-fetal transmission
is described for hepatitis B although it cannot be
excluded.33 Current risk of AIDS vertical transmission is lower,
provided that retroviral therapy is being used.34
Sometimes the intestinal loops can be placed between
the anterior abdominal wall and the uterus; in such cases, it
is useful to exert some mild pressure with the probe to move
them before proceeding with the TA sample.
It is always possible to postpone the withdrawal or
schedule an amniocentesis if unsurmountable difficulties
are encountered.

Laboratory Analysis
In about 0.5–1% of cases, cytogenetic analysis failure can
occur, often due to the scarcity of the tissue; results cannot
be obtained in such cases, and repeating the sample is
necessary. However, checking the sample quantity and
quality just after the procedure lowers this proportion
allowing another instrument insertion.
About 15–20 mg of chorion tissue is necessary for
performing fetal karyotype examination and about 5 mg
are sufficient to perform the DNA test for the detection
of monogenic diseases. By the transabdominal route, the
success of the sampling can be obtained in 98% of cases at
the first attempt and in 99% after two attempts. In most cases,
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a sufficient amount of chorionic villi (>10 mg) is obtained. If
the first sample is not sufficient, a second can be repeated. A
larger caliber needle may be indicated (18-gauge) when the
fetal sample must be studied for several indications.
About 1% is the number of false positives described
on the cytogenetic examination, 35 almost always due to
the presence of placental mosaicism (90%) and rarely due
to non-mosaic aneuploidy. If it is necessary to highlight
the presence of mosaicism, it is recommended to perform
a sample by amniocentesis or cordocentesis, to exclude
placental origin.36
Around 1% of the direct results can be ambiguous of
“short cytotrophoblastic culture analysis” and “long culture”
cytogenetic investigation can be performed on the collected
material. One percent of discrepancy may arise between
cultured mesenchymal and prepared cytotrophoblastic cells.
With the use of two consecutive (direct and cultural) analyses,
the incidence of false-positive results can be drastically
reduced (1/20,000) and false negatives become almost
nonexistent. Using only the direct technique, false-negative
results are to be considered extremely rare (1 in 3,000).23
Performing quantitative fluorescent polymerase chain
reaction plus long culture could be indicated for patients at
very high risk, instead of direct examination.
Several studies are highlighting the usefulness of
performing a CGH-Array analysis instead of a traditional
karyotype one. 37 This molecular investigation has the
advantage of being able to identify several microduplications
and microdeletions of DNA. On the other hand, its use in
the prenatal stage must still be investigated. The prenatal
diagnostic use of CGH-array can in fact be critical, especially
in cases in which Copy Number Variations are identified with
undefined clinical and functional effects.
The criticalities inherent to the prenatal use of genomic
microarray, both from the technical point of view and the
psychological impact of the results on the emotionality and
decision-making capacity of the couple, have been widely
discussed at the international level. Finding variants of
uncertain significance makes counseling difficult. Common
expert opinion is to offer labeled CGH-array in order to reduce
accidental variants of uncertain significance.38
The karyotype analysis may show the presence of several
cell lines with different chromosome kits. This condition is
defined by mosaicism. There may be two types of mosaicism,
true chromosome mosaicism and “confined placental
mosaicism.” The first describes a condition in which both
the fetus and the placenta have two chromosomal kits and
the second one where the two cell lines are found only
at placental but not at fetal level. In order to discriminate
between the two forms, amniocentesis and/or fetal blood
sampling (FBS) is required to define management.39
The rhesus (Rh) status has to be checked before the
procedure. In Rh-negative women with the negative Coombs
test, CVS can cause the onset of Rh alloimmunization.
Performing prophylaxis using anti-D immunoglobulins is
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therefore mandatory. In women already immunized, the
sampling is contraindicated.10

Audit and Tutoring
Prenatal department units are advised to create a database to
monitor annually the outcome of the procedures. A number
of failures, repetitions, and complications after sampling have
to be recorded. Birth data collection, number of premature
births, and birth defects must be listed.
When the sampling failures or fetal loss are over 5/50,
revision of the technique is required.40
Nowadays, with the introduction of NIPS, the number
of invasive procedures has dramatically been reduced. This
leads to a reduction in invasive diagnoses each year in all
prenatal diagnosis centers. The competence of the operators
will inevitably decrease each year.41 This should lead to the
centralization of sampling procedures in order to guarantee
high operator experience.42
Such centralization will bring greater efficiency and
competence to department operators.
Fifty is the number of samplings per operator per year
that is necessary to maintain manual skills and ensure
competence.43

Amniocentesis
Indications
The indications for the sampling of amniotic fluid are the
same as those for the sampling of chorionic villi. In addition,
it is indicated for the analysis of:
•
•

Infectious, viral, protozoan agents
Determination of the concentration of fetal metabolites
p res e nt in th e amni otic f lui d (α - f e to p rote in,
β-2 microglobulin).

Before the procedure, a meticulous ultrasound evaluation
is indicated to evaluate a number of fetuses, fetus viability,
presence of important fetus abnormalities, biometry,
placenta location and attachment, amniotic fluid quantity,
and the optimal sampling spot.

Timing
Nondirective genetic counseling is also indicated.3
Amniocentesis can be performed from the 15th week
of gestation. Its execution at an earlier stage is related to an
increased risk of fetal complications.44

Technique
In order to perform amniocentesis, it is necessary to have a
real-time ultrasound device equipped with at least a 3.5 MHz
probe. A 22-gauge needle is required. Needles with the
sonolucent tip are also available.
It is advisable to take the sample when the patient has
emptied the bladder. The sampling must be performed
after careful disinfection of the abdomen and using sterile
wrapping for the ultrasound probe.
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Amniocentesis can be performed free-hand or with
needle guiding. The free-hand technique can be performed
obliquely or tangentially to the long side ultrasound probe.
Tangential insertion is preferable due to the shorter route and
less pain. The oblique insertion has the advantage of allowing
visualization of the needle tip from the time of insertion on.32
In order to reduce the risk of complications, it is
recommended to avoid the placenta insertion and the
umbilical cord. If the placenta is anterior, crossing it at its
thinner part is indicated.45 Once the amniotic cavity has
been reached, the aspiration of amniotic liquid can be carried
out with a 20 mL syringe by the operator or by means of an
aspirator and with the aid of an assistant. The amount of mL
to be taken follow generally is 1 mL per week of gestation.
To reduce the risk of maternal contamination, the first
1–2 mL must be eliminated.
About 0.1% is the risk of sample failure reported. The
execution of more than two samples in the same session is
usually not recommended. A 24-hour delay is indicated in
case of repetition.4

Amniocentesis in Multiple Gestations
Before performing an amniocentesis in a twin pregnancy
a careful ultrasound evaluation is necessary to define the
number of fetuses, vitality, position and respective placentas,
fetal biometry, and the anatomy. Chorionicity is better to be
evaluated in the first trimester due to greater sensitivity.46
On the basis of the ultrasound data, it is possible to decide
whether to sample both sacs or if it is sufficient to perform
a single sample.32
In bichorionic twins, both sacs must be sampled. In the
case of monochorionic twins, only one sac can be sampled,
provided that no discrepant anatomical anomalies are found
at second or first-trimester ultrasound check-ups.
In order to sample both sacs, it is possible to perform
with two or a single needle. The technique involving two
insertions needs employing indigo carmine to reduce the
risk of sampling the same sac47 and to map the fetuses in
case of selective feticide. The one-puncture technique
consists of a transmembrane passage for reaching and
sampling the second sac. Changing the syringe and tacking
out 1 mL of amniotic liquid before sampling the second
sac is indicated in order to avoid the risk of contamination.
This second technique involves a greater risk of sampling
failure and cannot be performed in monochorionic
pregnancies due to the risk of determining an iatrogenic
monoamnioticity.40

Complications
Fetal loss and membrane rupture are the most feared
complications of amniocentesis.40,48Fetal loss, according to
a recent meta-analysis, is around 0.1%.49 There are additional
risk factors such as the presence of fetal malformations or
intra-amniotic bleeding. The risk increases significantly with
a positive history of poliabortivity (5–7%), in case of blood
loss during pregnancy (6%) and a combination with high

α-fetoprotein values have also been described.4 Operator’s
experience is strictly correlated.32
Using a larger gauge needle (20-gauge) appears to
increase the risk of complications.32
Performing more than two sampling attempts in the
same session increases the risk of fetal loss. The risk of
membrane rupture, with even slight leakage of amniotic
fluid, is reported to be about 1–2%.
The fetal damage risk which has been described in
the past is nowadays, with the introduction of continuous
ultrasound monitoring, almost absent although it cannot be
excluded completely.40
Maternal complications associated with amniocentesis
such as infections and chorioamnionitis are rare.50
The pain caused by the amniocentesis is comparable
to that inflicted by a blood sample. The high degree of
anxiety determines the more intense perception of pain.
It has been shown that using a local anesthetic does not
improve the condition.
There is no data in favor of the use of antibiotics or
tocolytic prophylaxis before sampling.
Amniocentesis can be performed as an outpatient
procedure.4 It is only indicated to avoid physical stress for
several days after the sampling.
There is no data available in the literature that suggests
a real risk of vertical transmission of hepatitis B, especially in
cases of low viral load. The risk of AIDS transmission is low
due to antiviral therapy.51

Laboratory Analysis
The amniotic liquid has a yellow straw color. Sometimes blood
(0.4%) or brown pigments ( <2%) may be present. The risk of
culture failure increases with the gestational age as well as
the presence of blood in the amniotic fluid. The use of a larger
gauge needle (20-gauge) increases the risk of contamination
of the liquid with maternal cells.52
The finding of mosaicism, with two cell lines, may suggest
maternal cell contamination but could also be real mosaicism
and in such cases, FBS by cordocentesis is required.
In 0.2% of cases, cytogenetic failure may occur and
diagnostic results can only be obtained by repeating the sample.
In selected cases, sampling other tissues may be considered.4
Although very rare, in a variable percentage and
depending on the laboratory experience, diagnostic errors
can occur (false positive 1/5,000).4 An ultrasound check
must be done after the procedure to evaluate the viability
of the fetus and the placenta and to give the patient a report
of the procedure, including any immediate limits and/or
complications, and advice for any further check-up.
The risk of isoimmunization after the invasive procedure
in women at risk is not significant, however anti-D prophylaxis
is recommended.

Audit and Tutoring
It is desirable to perform an annual audit in the centers where
the prenatal diagnosis is performed by recording the number
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of injuries, repetitions, failures, and blood contamination
per operator.53 More than four procedure repetitions out of
50 procedures is considered the cut-off when the revision of
the technique by a senior tutor is to be requested.40

Cordocentesis
Fetal blood sampling (FBS) by cordocentesis is still a technique
that must be practiced in prenatal diagnosis centers, even if
the use is very low due to the indications. Cordocentesis is a
technique that allows sampling a quantity of fetal blood in
order to perform diagnostic tests. Karyotype analysis, genetic
diseases, errors of metabolism, infections, and hemoglobin
levels check-up are the most common indications.54
The sampling is performed transabdominally, using
a 20 or 22 gauge needle, always greater than 20 gauge
when performed for suspected severe fetal anemia or
thrombocytopenia so that a transfusion can be performed
simultaneously.55
It can be performed free-hand or by needle guidance.
A real-time ultrasound monitoring device is necessary,
equipped with a transabdominal probe of at least 3.5 MHz.
It is suggested to perform the sampling by having a coulter
channelizer to analyze the blood and confirm the fetal
blood origin.
Complete counseling must be made and an informed
consent form must be signed by the patient before the
procedure.
Cordocentesis can be performed from 18 weeks of
pregnancy. A careful ultrasound examination must be
performed before proceeding with the invasive procedure.
The position of the fetus, the biometry, the fetal anatomy,
and the location of the placenta must be evaluated in order
to identify the most suitable spot for inserting the needle.
The site of insertion of the umbilical vein at the level of the
placental plate is the most suitable place to perform the FBS. If
the insertion site is not reachable in the posterior placenta it is
possible to perform the sampling at the level of a free cord loop
or at abdominal fetal insertion.56 The FBS from the intrahepatic
vein can be considered an option in selected cases.57
This procedure does not require hospitalization, an
ultrasound check-up must be performed after the sampling
to verify the viability of the fetus and the possible onset of
fetal bradycardia.
Immunoprophylaxis in seronegative women is indicated
considering the non-negligible risk of maternal fetus
bleeding.

Complications
Like all invasive procedures, cordocentesis also involves the
risk of fetal loss, which is around 2%.56 Given the percentage
of fetal loss risk, it is recommended to perform cordocentesis
only in cases where other invasive procedures are not feasible.
The presence of fetal abnormalities is the major risk factor
for fetal loss. The percentage of fetal loss is closely related to
the operator’s experience.
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Bleeding is a possible complication and the greatest risk
factor for fetal loss. Fetal bradycardia can occur during or after
blood sampling, especially in IUGR fetuses. In these cases, it
represents the greatest risk factor for fetal loss.4
Sampling success is around 97%, always if performed by
an operator with proven experience. The execution near the
placental insertion site reduces the number of attempts to
make the procedure successful. The draw on the free loop of
the cord is associated with a greater number of attempts and a
greater number of failures although it reduces the percentage
of maternal contamination risk of the sample taken.54
A detailed ultrasound report in which data relating to the
fetus, biometry, fetal anatomy, placenta position, amount
of amniotic fluid is essential at the patient’s dismissal. It is
indicated to report the data of procedure: site of the sampling,
the possible appearance of intra-amniotic bleeding, fetal
heart rate, and the possible appearance of bradycardia.

Audit Training
It is desirable to perform an annual audit of the cordocentesis
per operator, where the number of procedures, the
technique, the number of failures, the characteristics of
the samples, the number of failures, abortions, and TOP
after the procedure is reported.
Tutoring cordocentesis to fellows is not easy since the
procedures nowadays are few per year.

References
1. Milunsky A and Milunsky JM. Genetic Disorders and the Fetus.
Diagnosis, Prevention and Treatment. 6th Ed.: Wiley-Blackwell
Publisher 2010.
2. Douglas Wilson R. The role of invasive testing in prenatal
diagnosis of hereditable diseases; Invasive fetal testing and
treatment, edited by Christopher R. Harman 1995, 3–19.
Blackwell Scientific Publications
3. Milunsk y A and Milunsk y JM. Genetic counseling:
Preconception, Prenatal and Perinatal. In: Genetic Disorders
and the Fetus; 1–62; Diagnosis, Prevention and Treatment.
6th Ed.: Wiley–Blackwell Publisher 2010.
4. Ghi T, Sotiriadis A, Calda P, et al. ISUOG practice guidelines:
invasive procedures for prenatal diagnosis. Ultrasound Obstet
Gynecol 2017;49(3):414–415. DOI: 10.1002/uog.15945
5. Cicero S, Bindra R, Rembouskos G, et al. Integrated ultrasound
and biochemical screening for trisomy 21 using fetal nuchal
translucency, absent fetal nasal bone, free beta-hCG and
PAPP-A at 11 to 14 weeks. Prenat Diagn 2003;23(4):306–310.
DOI: 10.1002/pd.588
6. Monni G, Zoppi MA. Improved first-trimester aneuploidy
risk assessment: an evolving challenge of training in
invasive prenatal diagnosis. Ultrasound Obstet Gynecol
2013;41(5):486–488. DOI: 10.1002/uog.12461
7. American College of Obstetricians and Gynecologists
Committee on Genetics Committee Opinion No. 545:
Noninvasive prenatal testing for fetal aneuploidy.
Obstet Gynecol 2012;120(6):1532–1534 DOI: 10.1097/01.
AOG.0000423819.85283.f4
8. Nicolaides KH, Chervenak FA, McCullough LB, et al. Evidencebased obstetric ethics and informed decision-making by

Donald School Journal of Ultrasound in Obstetrics and Gynecology, Volume 16 Issue 1 (January–March 2022)

Guidelines for Invasive Prenatal Procedures

9.
10.

11.

12.

13.

14.
15.

16.

17.

18.

19.
20.
21.
22.

23.

24.

pregnant women about invasive diagnosis after first-trimester
assessment of risk for trisomy 21. Am J Obstet Gynecol
2005;193(2):322–326. DOI: 10.1016/j.ajog.2005.02.134
Cao A, Rosatelli MC, Monni G, et al. Screening for thalassemia:
a model of success. Obstet Gynecol Clin North Am 2002;29(2):
305–328, vi–vii. DOI: 10.1016/s0889-8545(01)00006-7
American College of Obstetricians and Gynecologists. ACOG
practice bulletin No. 88, december 2007. invasive prenatal
testing for aneuploidy. Obstet Gynecol 2007;110(6):1459–1467
DOI: 10.1097/01.AOG.0000291570.63450.44
Monni G, Zoppi MA, Axiana C, et al. Changes in the approach
for invasive prenatal diagnosis in 35,127 cases at a single center
from 1977 to 2004. Fetal Diagn Ther 2006;21(4);348–354.
DOI: 10.1159/000092464
Spencer JW, Cox DN. A comparison of chorionic villi sampling
and amniocentesis: acceptability of procedure and maternal
attachment to pregnancy. Obstet Gynecol 1988;72(5):714–718.
PMID: 3173922.
Chueh JT, Goldberg JD, Wohlferd MM, et al. Comparison of
transcervical and transabdominal chorionic villus sampling
loss rates in nine thousand cases from a single center.
Am J Obstet Gynecol 1995;173(4):1277–1282. DOI: 10.1016/
0002-9378(95)91370-x
Sundberg K, Brigham S. Amniocentesis and chorionic villus
sampling for prenatal diagnosis. Cochrane Database Syst Rev
2003;(3):CD003252. DOI: 10.1002/14651858.cd003252
Nicolaides KH, Rodeck CH, Soothill PW, Warren RC, Gosden
CM. Why confine chorionic villus (placental) biopsy to the
first trimester? Lancet 1986;1:543–544. DOI: https://doi.
org/10.1016/S0140-6736(86)90894-9.
Monni G, Pagani G, Stagnati V, et al. How to perform
transabdominal chorionic villus sampling: a practical
guideline. J Matern Fetal Neonatal Med 2016;29(9):1499–1505.
DOI: 10.3109/14767058.2015.1051959
Brambati B, Oldrini A, Lanzani A. Transabdominal chorionic
villus sampling: a freehand ultrasound guided technique.
Am J Obstet Gynecol 1987;157(1):134–137. DOI: 10.1016/s00029378(87)80363-0
Firth HV, Boyd PA, Chamberlain P, et al. Severe limb
abnormalities after chorion villus sampling at 56–66 days’
gestation. Lancet 1991;337(8744):762–763. DOI: 10.1016/01406736(91)91374-4
Monni G, Ibba RM, Lai R, et al. Limb-reduction defects and
chorion villus sampling. Lancet 1991;337(8749):1091-1092. DOI:
10.1016/0140-6736(91)91735-D
Ibba RM, Monni G, Lai R et al. Total fetal malformations
following chorion villus sampling. Prenat Diagn 1992;
12(suppl):S98.
Smidt-Jensen S, Hahnemann N. Transabdominal fine needle
biopsy from chorionic villi in the first trimester. Prenat
Diagn 1984;4(3):163–169 DOI: 10.1002/pd.1970040302
Monni G, Ibba RM, Lai R et al. Early transabdominal chorionic
villus sampling in couples at high genetic risk. Am J Obstet
Ginecol 1993;168(1 Pt 1):170–173. DOI: 10.1016/s00029378(12)90908-4
Monni G, Zoppi MA, Ibba RM. Prenatal genetic diagnosis
through chorionic villus sampling. In: Milunsky A and Milunsky
JM. Genetic Disorders and the Fetus: Diagnosis, Prevention,
Treatment. 6th Ed.: Wiley–Blackwell Publisher 2010, p. 160–193
Brambati B, Oldrini A, Aladerun SA. Transcervical specimen
of chorionic villi in the 1st trimester of pregnancy.
Pathologica 1983;75(Suppl):179–183. PMID: 6680423.

25. Dumez Y, Goossens M, Poenaru L, et al. Biopsy of chorionic
villi by forceps under ultrasonic control: technic and results.
J Genet Hum 1984;32(5):335–344. PMID: 6527129.
26. Monni G, Ibba RM, Olla G, et al. Chorionic villus sampling
by rigid forceps: experience with 300 cases at risk for
thalassemia major. Am J Obstet Gynecol 1987;156(4):912–914.
DOI: 10.1016/0002-9378(87)90352-8
27. Monni G, Olla G, Cao A. Patient’s choice between transcervical
and transabdominal chorionic villus sampling. Lancet
1988;331(8593):1057.
28. Jackson L, Zachary J, Fowler S et al. A randomised comparison
of transcervical and transabdominal chorionic villus sampling.
The U.S. national institute of child health and human
development chorionic-villus sampling and amniocentesis
study group. New Engl J Med 1992;327(9):594 –598.
DOI: 10.1056/NEJM199208273270903
29. Pergament E, Schulman JD, Copeland K et al. The risk and
efﬁcacy of chorionic villus sampling in multiple gestations.
Prenat Diagn 1992;12(5):377–384. DOI: 10.1002/pd.1970120507
30. Brambati B, Tului L, Guercilena S, et al. Outcome of first-trimester
chorionic villus sampling for genetic investigation in multiple
pregnancy. Ultrasound Obstet Gynecol 2001;17(3):209–216.
DOI: 10.1046/j.1469-0705.2001.00379.x
31. G Monni, M A Zoppi, G Cau, R Lai, M Baldi et al. Importance
of nuchal translucency measurement in multifetal pregnancy
reduction. Ultrasound Obstet Gynecol 1999;13:377–378.
PMID: 10380312.
32. Monni G, Iuculano A. Re: ISUOG practice guidelines: invasive
procedures for prenatal diagnosis. Ultrasound Obstet
Gynecol 2017;49(3):414–415. DOI: 10.1002/uog.17375
33. Gagnon A, Davies G, Wilson RD, et al. Prenatal invasive
procedures in women with hepatitis B, hepatitis C, and/or
human immunodeficiency virus infections. J Obstet Gynaecol
Can 2014;36(7):648–655. DOI: 10.1016/S1701-2163(15)30546-6
34. Somigliana F, Bucceri AM, Tibaldi C et al. Early invasive
diagnostic technique in pregnant women who are infected
with the HIV: a multicenter case series. Am J Obstet Gynecol
2005;193 (2):437–442. DOI: 10.1016/j.ajog.2004.12.087
35. Rhoads GG, Jackson LG, Schlesselman SE et al. The safety
and efficacy of chorionic villus sampling for early prenatal
diagnosis of cytogenetic abnormalities. N Engl J Med
1989;320(10):609–617. DOI: 10.1056/NEJM198903093201001
36. Ledbetter DH, Zachary JM, Simpson JL et al. Cytogenetic
results from the U.S. collaborative study on CVS. Prenat
Diagn 1992;12(5):317–345. DOI: 10.1002/pd.1970120503
37. Wapner R J, Mar tin CL, Lev y B, et al. Chromosomal
microarray versus karyotyping for prenatal diagnosis. N Engl
J Med 2012;367(23):2175–2184 DOI: 10.1056/NEJMoa1203382
38. Grati FR, Molina Gomes D, Ferreira JC et al. Prevalence of
recurrent pathogenic microdeletions and microduplications
in over 9500 pregnancies. Prenat Diagn 2015;35(8):801–809.
DOI: 10.1002/pd.4613
39. Malvestiti F, Agrati C, Grimi B et al.. Interpreting mosaicism in
chorionic villi: results of a monocentric series of 1001 mosaics
in chorionic villi with follow-up amniocentesis. Prenat Diagn
2015; 35(11):1117–1127. DOI: 10.1002/pd.4656
40. Tabor A, Alfirevic Z. Update on procedure-related risks for
prenatal diagnosis techniques. Fetal Diagn Ther 2010;27(1):1–7.
DOI: 10.1159/000271995
41. Norton ME, Wapner RJ. Cell-free DNA analysis for noninvasive
examination of trisomy. N Engl J Med 2015;373(26):2582.
DOI: 10.1056/NEJMc1509344

Donald School Journal of Ultrasound in Obstetrics and Gynecology, Volume 16 Issue 1 (January–March 2022)

89

Guidelines for Invasive Prenatal Procedures

42. Monni G, Pagani G, Illescas T et al. Training for transabdominal
villous sampling is feasible and safe. Am J Obstet Gynecol
2015;213(2):248–250. DOI: 10.1016/j.ajog.2015.04.019
43. Wulff CB, Gerds TA, Rode L et al. Risk of fetal loss associated
with invasive testing following combined first-trimester
screening for down syndrome: a national cohort of
147,987 singleton pregnancies. Ultrasound Obstet Gynecol
2016;47(1):38–44. DOI: 10.1002/uog.15820
44. The Canadian Early and Mid-trimester Amniocentesis Trial
(CEMAT) Group. Randomised trial to assess safety and fetal
outcome of early and midtrimester amniocentesis. Lancet
1998;351(9098):242–247.
45. Royal College of Obstetricians and Gynecologists.
Amniocentesis and chorionic villus sampling. Guidelines No.
8. London RCOG Press; 2005.
46. Sepulveda W, Sebire NJ, Hughes K, et al. The lambda sign at
10-14 weeks of gestation as a predictor of chorionicity in twin
pregnancies. Ultrasound Obstet Gynecol 1996;7(6):421–423.
DOI: 10.1046/j.1469-0705.1996.07060421.x
47. Nicolini U, Monni G. Intestinal obstruction in babies exposed
in utero to methylene blue. Lancet 1990;336(8725):1258–1259.
DOI: 10.1016/0140-6736(90)92879-M
48. To n gs o n g T, Wanap ir ak C , Sir i v at anap a P, e t al .
Amniocentesis-related fetal loss: a cohort study. Obstet
Gynecol 1998;92(1):64–67. DOI: 10.1016/s0029-7844(98)00125-2
49. Akolekar R, Beta J, Picciarelli G, et al. Procedure-related risk
of miscarriage following amniocentesis and chorionic villus
sampling: a systematic review and meta-analysis. Ultrasound
Obstet Gynecol 2015;45(1):16–26. DOI: 10.1002/uog.14636
50. Cederholm M, Haglund B, Axelsson O. Maternal complications
following amniocentesis and chorionic villus sampling

90

51.

52.

53.

54.
55.

56.
57.

for prenatal karyotyping. BJOG 2003;110 (4), 392–399.
DOI: 10.1046/j.1471-0528.2003.02091.x
Davies G, Wilson RD, Désilets V, et al. Society of obstetricians
and gynaecologists of Canada. amniocentesis and women
with hepatitis B, hepatitis C, or human immunodeficiency
virus. J Obstet Gynaecol Can 2003;25(2):145–148, 149–152.
DOI: 10.1016/s1701-2163(16)30211-0
Welch RA, Salem-Elgharib S, Wiktor AE, et al. Operator
experience and sample quality in genetic amniocentesis.
Am J Obstet Gynecol 2006;194(1):189–191. DOI: 10.1016/j.
ajog.2005.05.033
Nizard J, Duyme M, Ville Y. Teaching ultrasound-guided
invasive procedures in fetal medicine: learning curves with
and without an electronic guidance system. Ultrasound
Obstet Gynecol 2002;19(3):274–277. DOI: 10.1046/j.14690705.2002.00647.x
Ludomirsky A. Intrauterine fetal blood sampling a multicentric
registry:evaluation of 7462 procedures between 1987 and
1991. Am J Obstet Gynecol 1993;168:31
Daffos F, Capella-Pavlovsky M, Forestier F. Fetal blood
sampling during pregnancy with use of a needle guided
by ultrasound: a study of 606 consecutive cases. Am J
Obstet Gynecol 1985;153(6):655–660. DOI: 10.1016/s00029378(85)80254-4
Berry SM, Stone J, Norton ME, et al. Fetal blood sampling.
Am J Obstet Gynecol 2013;(3):170–180. DOI: 10.1016/j.
ajog.2013.07.014
Nicolaidis P, Nicolini U, Fisk NM, et al. Fetal blood sampling
from the intrahepatic vein for rapid karyotyping in the
second and third trimesters. Br J Radiol 1991;64(762):505–509.
DOI: 10.1259/0007-1285-64-762-505

Donald School Journal of Ultrasound in Obstetrics and Gynecology, Volume 16 Issue 1 (January–March 2022)

