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diagnosis

Clinical Standards Committee

The International Society of Ultrasound in Obstetrics
and Gynecology (ISUOG) is a scientific organization that
encourages sound clinical practice, and high-quality teach-
ing and research related to diagnostic imaging in women’s
healthcare. The ISUOG Clinical Standards Committee
(CSC) has a remit to develop Practice Guidelines and
Consensus Statements that provide healthcare practition-
ers with a consensus-based approach. They are intended to
reflect what is considered by ISUOG to be the best practice
at the time at which they are issued. Although ISUOG has
made every effort to ensure that Guidelines are accurate
when issued, neither the Society nor any of its employees
or members accepts any liability for the consequences of
any inaccurate or misleading data, opinions or statements
issued by the CSC. The ISUOG CSC documents are not
intended to establish a legal standard of care because
interpretation of the evidence that underpins the Guide-
lines may be influenced by individual circumstances, local
protocol and available resources. Approved Guidelines
can be distributed freely with the permission of ISUOG
(info@isuog.org).

INTRODUCTION

The aim of this document is to describe the main aspects
of invasive fetal procedures for prenatal diagnosis. Tech-
nical issues, clinical indications, diagnostic capabilities
and possible complications are considered in light of the
available literature. In this new era dominated by cell-free
fetal DNA (cffDNA) testing, the number of invasive pro-
cedures for fetal testing is decreasing dramatically and
this is having a considerable impact on clinical practice.
This Guideline summarizes current information regarding
when, how and why practitioners perform invasive pro-
cedures for prenatal diagnosis. Details of the grades of
recommendations and levels of evidence used are given in
Appendix 1.

1. AMNIOCENTESIS

• Amniocentesis should be performed at or beyond
15 + 0 completed weeks of gestation (GRADE OF
RECOMMENDATION: A).

• A 20–22-G needle should be inserted transabdomi-
nally under continuous ultrasound guidance (GRADE
OF RECOMMENDATION: B).

• Needle entry through the placental cord insertion
site must be avoided and, if technically feasible,
avoidance of the placenta is preferable, especially in
Rhesus-negative women (GRADE OF RECOMMEN-
DATION: C).

• The frequency of maternal cell contamination increases
with the presence of blood-stained amniotic fluid and
when the operator is less experienced. To minimize
contamination with maternal cells, the first 2 mL of
fluid should be discarded (GRADE OF RECOMMEN-
DATION: C).

Amniocentesis refers to transabdominal aspiration of
amniotic fluid from the uterine cavity. This procedure has
been performed since 19701.

Technique

A 20–22-G needle should be inserted transabdominally
under continuous ultrasound guidance2–5. Firm entry is
suggested to prevent tenting of the amniotic membrane3

(EVIDENCE LEVEL: 1–). A small (n = 200) randomized
controlled trial (RCT) comparing 20-G and 22-G nee-
dles for amniocentesis showed that intrauterine bleeding
rates were similar (4/100 vs 8/100), but the larger-caliber
needle (20-G) was associated with faster fluid retrieval6

(EVIDENCE LEVEL: 2+). A retrospective study (n = 793)
reported similar fetal loss rates with 20-G (1.57%), 21-G
(1.47%) and 22-G (1.61%) needles7.

The impact of transplacental needle passage has been
studied in retrospective cohorts. The rates of fetal loss
were similar when using a transplacental and a trans-
membrane approach, but transplacental passage was
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associated with increased rates of bloody tap8–11. Nev-
ertheless, it is currently recommended that needle entry
through the placental cord insertion site be avoided and, if
technically feasible, avoidance of the placenta is preferable
(especially in Rhesus-negative women)2–7,12 (EVIDENCE
LEVEL: 1+).

Once the needle has reached the amniotic cavity, the
inner stylet is removed and 15–30 mL fluid (depending
on the indication) is aspirated. Fluid aspiration may be
performed by the operator, by an assistant or by using a
vacuum device3,13.

Maternal cells can be detected in amniotic fluid sam-
ples, and older reports stated that about one in two
samples may contain more than 20% maternal cells, this
proportion being 50% or more in bloody samples14. In
a retrospective study of 150 samples, factors associated
with high contamination rates were placental penetra-
tion (6.0% vs 1.0%), two passes (27.5% vs 2.0%) and
operator inexperience15. The frequency of maternal cell
contamination was reported to be much lower (0.35%)
in a more recent series of 6332 samples16. To minimize
contamination with maternal cells, it is recommended that
the first 2 mL of fluid should be discarded17 (EVIDENCE
LEVEL: 2+).

Timing

The safety and diagnostic reliability of early
(< 14 + 0 weeks) vs midtrimester (> 15 + 0 weeks) amnio-
centesis was studied in RCTs in the 1990s. Although a
smaller trial (n = 695) indicated similar rates for total
pregnancy loss (7.8% vs 7.4%) and fetal congenital
defects (2.4% vs 2.6%)18,19, a much larger multi-
center RCT (n = 4374) showed that early (11 + 0 to
12 + 6 weeks) amniocentesis was associated with a signifi-
cantly higher rate of total fetal losses (7.6% vs 5.9%), fetal
talipes (1.3% vs 0.1%) and post-procedure amniotic fluid
leakage (3.5% vs 1.7%), compared with midtrimester
(15 + 0 to 16 + 6 weeks) amniocentesis20,21. This may be
due to the presence of the extraembryonic celom in the
first trimester or the reduced amount of amniotic fluid in
the amniotic cavity. As a result of these concerns, scientific
and professional bodies currently recommend that amnio-
centesis should be performed at or beyond 15 + 0 weeks
of gestation2,17,22 (EVIDENCE LEVEL: 1+).

Laboratory aspects

Failure of amniocyte culture is reported after 0.1% of pro-
cedures. Blood-stained amniotic fluid and late gestational
age at amniocentesis increase the risk of culture failure17.
Amniotic cell mosaicism is seen in 0.25% of procedures17.
In these cases, genetic counseling is recommended and,
dependent on the result, fetal blood sampling (FBS) may
be indicated to exclude a true fetal mosaicism17. The risk
for culture failure also increases with advanced gesta-
tional age. A retrospective study of amniocentesis after 28
gestational weeks reported a 9.7% culture failure rate23

(EVIDENCE LEVEL: 2++).

Complications

• For women undergoing amniocentesis, the additional
risk of fetal loss in comparison with controls has been
reported to vary from 0.1% to 1%, with recent reports
being closer to the lower limit (GRADE OF RECOM-
MENDATION: B).

• The risk of membrane rupture after amniocentesis is
1–2%; the prognosis in these cases may be better than
that in cases of spontaneous preterm prelabor rupture
of the membranes (PPROM) (GRADE OF RECOM-
MENDATION: B).

• Fetal injury and serious maternal complications are rare
events (GRADE OF RECOMMENDATION: D).

• Experience and familiarity with amniocentesis may
decrease the risk of procedure-related fetal loss. Mul-
tiple attempts, blood-stained amniotic fluid and the
presence of fetal abnormalities may increase the risk
for fetal loss. The effect of other risk factors is less
consistent (GRADE OF RECOMMENDATION: C).

Fetal loss

Most of the data for fetal loss rate after amniocentesis
are derived from observational studies. There is only one
RCT, the Danish one of 1986, in which 4606 low-risk
pregnant women were randomized to either amniocentesis
or expectant management. The fetal loss rate was 1.7%
in the amniocentesis group vs 0.7% in the control group,
yielding a 1.0% net procedure-related risk12 (EVIDENCE
LEVEL: 1+). Several observational studies that followed
reported lower or higher risks, and a recent meta-analysis
calculated that the weighted pooled procedure-related
risk of miscarriage for amniocentesis is 0.11% (95% CI,
−0.04 to 0.26%)24 (EVIDENCE LEVEL: 2++). A review
from Denmark of 147 987 invasive procedures, published
in 2016, reported a rate of miscarriage of 0.56% within
28 days and a risk of stillbirth of 0.09% within 42 days
after amniocentesis25 (EVIDENCE LEVEL: 2++).

Amniotic fluid leakage

The risk of amniotic fluid leakage following amniocentesis
is increased up to 24 weeks of gestation. Its occurrence
is reported to vary between 1 and 2%17,19,26. However,
in women with amniotic fluid leakage after amniocente-
sis, spontaneous sealing of the membranes is commonly
observed and, compared with cases of spontaneous rup-
ture of membranes at the same gestational age, the risk
of perinatal loss is substantially lower27 (EVIDENCE
LEVEL: 2++).

Chorioamnionitis

The risk of chorioamnionitis and uterine infection after
genetic amniocentesis is low (< 0.1%)17.
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Needle injury

The occurrence of needle injury to the fetus is extremely
rare17. Sporadic injuries have been reported in older case
reports, particularly those using unguided procedures, and
included ocular trauma28, cutaneous injuries (dimpling
and scarring)29,30, tendon trauma29, trauma in the fetal
vessels31 and brain injury (including porencephaly)32,33

(EVIDENCE LEVEL: 3).

Maternal complications

Severe maternal complications related to amniocentesis,
including sepsis or even death, have been reported in a very
small number of cases34–38. These events may be caused
by inadvertent puncture of the bowel. Moreover, microor-
ganisms can colonize ultrasound gel and probes and pose
a risk of maternal infection2 (EVIDENCE LEVEL: 3).

Risk factors for complications

Lower fetal loss rates have been documented if more than
100 procedures are performed per annum2 (EVIDENCE
LEVEL: 2+). A higher number of attempts (three or more
punctures) increases the risk of fetal loss. If more than two
punctures are necessary, it has been suggested to delay the
procedure by 24 hours3,22.

The presence of fetal structural anomalies is itself asso-
ciated with a higher background risk of miscarriage, and
this risk is further increased following amniocentesis22.
A bloody or discolored (i.e. brownish) specimen may
reflect current intra-amniotic bleeding and is consis-
tently reported to herald a higher risk of post-procedural
fetal loss. This seems to be due to the association
of intra-amniotic bleeding with underlying placental
disorders22,39 (EVIDENCE LEVEL: 2+). Expert opin-
ion suggests that an operator’s competence should be
reviewed when loss rates exceed 4/100 consecutive
amniocenteses2,40 (EVIDENCE LEVEL: 2+).

Several risk factors have been suggested to increase the
risk of fetal loss following amniocentesis, although their
association has not been proven consistently. Included
in this group of plausible risk factors are22,41,42: uterine
fibroids; Müllerian malformations; chorioamniotic sep-
aration; retrochorionic hematoma; previous or current
maternal bleeding; maternal body mass index > 40 kg/m2;
multiparity (> 3 births); manifest vaginal infection; his-
tory of three or more miscarriages (EVIDENCE LEVEL:
2+/2–).

2. CHORIONIC VILLUS SAMPLING (CVS)

• Chorionic villus sampling (CVS) should be performed
after 10 + 0 gestational weeks (GRADE OF RECOM-
MENDATION: A).

• CVS can be performed transabdominally or transcervi-
cally, according to the operator’s experience, preference
or placental location.

• There are no RCTs on the fetal loss rate after CVS
compared with no CVS, but observational trials indi-
cate that it may be quite low, ranging from 0.2 to 2%
(GRADE OF RECOMMENDATION: B).

• The risk for miscarriage after CVS appears to decrease
with increasing experience. Repeated needle insertions
and gestational age < 10 weeks increase the risk of fetal
loss (GRADE OF RECOMMENDATION: B).

CVS is the withdrawal of trophoblastic cells from the
placenta. This procedure was first described in China in
the mid-1970s43 and introduced into clinical practice in
the early 1980s44.

Technique

The needle should be inserted into the placenta under con-
tinuous ultrasound guidance. Generally, this is achieved
either by the free-hand technique or using a biopsy adap-
tor. As data comparing the safety or efficiency between
these two methods are lacking, the choice should be made
according to operator experience or preference2,45.

Access to the placenta may be transabdominal or
transcervical. A RCT in 3873 women with singleton preg-
nancy (gestational age range, 7–12 weeks, but most > 10
weeks) showed that the fetal loss (2.3% vs 2.5%) and
successful sampling (95% vs 94%) rates were similar
between the two methods46 (EVIDENCE LEVEL: 1+).

Transabdominal approach. Local anesthesia may be
applied for transabdominal CVS2 (EVIDENCE LEVEL:
4). A single needle of 17–20 G or a two-needle set of outer
17/19 G and inner 19/20 G may be used47 (EVIDENCE
LEVEL: 1–). Once the needle has reached the target within
the placenta, between one and 10 back-and-forth move-
ments are performed, while the vacuum is maintained and
samples are aspirated either manually by an assistant or
with a vacuum adaptor3,45,48.

Transcervical approach. Biopsy forceps are inserted
transvaginally through the cervical canal to the tro-
phoblastic area, or a catheter with plastic or metal stylet
under syringe aspiration may be used3. A RCT of 200
women undergoing CVS between 10 + 0 and 12 + 6 weeks
reported comparable placental trauma and effectiveness
between biopsy forceps and catheter techniques (EVI-
DENCE LEVEL: 1–); however, the former method was
preferred by both operators and patients49.

The amount of villi obtained in the sample must be
checked visually. A minimum amount of 5 mg villi in each
sample is required to achieve a valid result3. Sampling
failure is reported to occur in 2.5–4.8% of procedures2,45.

Timing

CVS should not be performed before 10 + 0 completed
weeks of gestation, due to the higher risk of fetal loss and
complications before this time2,17. Reports from the early
1990s highlighted an increased incidence of limb reduc-
tion/oromandibular hypoplasia in fetuses which under-
went CVS earlier than 10 weeks of gestation, compared
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with the general population. There remains insufficient
evidence to refute or confirm causation with confidence.
The limbs and mandible seem to be more susceptible to
vascular disruption before 10 weeks3,50,51 (EVIDENCE
LEVEL: 3).

Laboratory aspects

Failure of the cytotrophoblastic culture is reported to
occur after fewer than 0.5% of procedures in which at
least 5 mg chorionic villi are obtained49. In some of these
cases, maternal decidual cell contamination occurs; this
can be reduced by separating maternal decidual cells and
blood from chorionic villi under a dissection microscope52

(EVIDENCE LEVEL: 2–). Placental cell mosaicism is seen
in 1% of procedures17. In these cases, genetic counseling
is recommended and amniocentesis may be indicated to
differentiate true fetal mosaicism from confined placental
mosaicism17.

Complications

Fetal loss

No RCTs comparing CVS vs no testing are available, so
the entire evidence regarding the procedure-related risk of
miscarriage comes from retrospective cohort studies.

For women undergoing CVS, the additional risk of
fetal loss in comparison with controls has been reported
to vary between 0.2% and 2%2,24. This risk appears to be
lower in experienced centers and to decrease with increas-
ing experience, ranging between 1/150 and 1/5002,53. A
retrospective study from the Danish registry, of 31 355
cases undergoing CVS, reported a total fetal loss rate
of 1.9% after CVS (vs 1.4% after amniocentesis); the
miscarriage rate was correlated inversely with the num-
ber of procedures performed in a department and it was
40% higher for departments performing fewer than 1500
procedures, compared with those performing more than
1500, annually40 (EVIDENCE LEVEL: 2++). An update
in 2016 of the same database reported practically no
impact of CVS on fetal loss rates (risk of miscarriage,
0.21% at 21 days after CVS)25 (EVIDENCE LEVEL: 2+).
This result is similar to the findings of a large retrospec-
tive study comparing the miscarriage rate in 5243 women
who underwent CVS (2.7%) with that of 4917 controls
(3.3%)54. According to a recent meta-analysis, the rate
of fetal loss after CVS does not appear to be increased
significantly in comparison with the non-exposed popu-
lation (pooled risk < 24 weeks, 0.22% (95% CI, −0.71
to 1.16%))24; this estimate does not incorporate the 2016
Danish report25 (EVIDENCE LEVEL: 2++).

The fetal loss rate after transcervical CVS was reported
to be 2.5% in a retrospective series of 1251 procedures55,
and very similar miscarriage rates (2.5% vs 2.3%) were
reported in a large RCT comparing transcervical with
transabdominal CVS46 (EVIDENCE LEVEL: 1+). One
randomized study compared transabdominal CVS with
second-trimester amniocentesis and found no significant

difference in the total pregnancy loss between the two pro-
cedures (6.3% vs 7%; relative risk (RR), 0.90 (95% CI,
0.66–1.23))56 (EVIDENCE LEVEL: 1–). However, a
meta-analysis of four randomized trials showed that, com-
pared with second-trimester amniocentesis, transcervical
CVS carries a significantly higher risk of total pregnancy
loss (RR, 1.40 (95% CI, 1.09–1.81)) and spontaneous
miscarriage (RR, 1.50 (95% CI, 1.07–2.11))57.

Vaginal bleeding

Vaginal bleeding is reported to occur in 10% of cases52,53.
Its occurrence seems more frequent after the transcervi-
cal (up to 30% of cases) than after the transabdominal
approach52 (EVIDENCE LEVEL: 2–).

Uncommon complications

The risk of amniotic fluid leakage following CVS is
exceedingly rare, occurring after < 0.5% of procedures52

(EVIDENCE LEVEL: 2–). Clear figures on the risk
of pregnancy loss in such cases are scarce. The risk
of chorioamnionitis and uterine infection after CVS is
extremely small (1–2/3000)52 (EVIDENCE LEVEL: 2–).
No cases of septic shock or maternal death following CVS
have been reported.

Association with pre-eclampsia and intrauterine growth
restriction

There have been some reports associating CVS with devel-
opment of pre-eclampsia later in pregnancy, possibly due
to placental damage, but these findings have not been
consistent across studies and a meta-analysis failed to
show an association58 (EVIDENCE LEVEL: 2+). Simi-
larly, a case–control study did not detect an association
between CVS and impaired fetal growth; in the regres-
sion analysis the higher incidence of pre-eclampsia in
the CVS group was due to maternal and fetal con-
founders (e.g. low pregnancy-associated plasma protein-A
(PAPP-A), increased uterine artery resistance)59 (EVI-
DENCE LEVEL: 2+).

Risk factors for complications

Lower fetal loss rates have been documented if more
than 100 procedures are performed per annum2. Expert
opinion suggests that an operator’s competence should
be reviewed when loss rates exceed 8/100 and sampling
failure exceeds 5/100 consecutive CVS2.

In a large retrospective study, factors associated
with increased risk for miscarriage after CVS were
African-American maternal race, at least two aspira-
tions/needle insertions, heavy bleeding during CVS, mater-
nal age younger than 25 years and gestational age at
CVS < 10 weeks54 (EVIDENCE LEVEL: 2++). The pres-
ence of fetal structural anomalies and increased nuchal
translucency thickness (NT) are associated with a higher
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background risk of miscarriage2. This risk is further
increased following CVS. Lower levels of PAPP-A in
maternal serum have also been suggested to herald a
higher risk of fetal loss after CVS. This seems to be due
to the association of low PAPP-A levels with placental
disorders60 (EVIDENCE LEVEL: 2++).

There are a number of factors which may plausibly
increase the risk of fetal loss following CVS, although this
association has not been proven consistently. Included in
this group are3,22: fibroids; advanced maternal age; uterine
malformations; chorioamniotic separation; retrochorionic
hematoma; previous or current maternal bleeding; retro-
verted uterus; post-procedure persistent fetal bradycardia
(EVIDENCE LEVEL: 2–).

3. FETAL BLOOD SAMPLING (FBS)

• FBS should be performed transabdominally after
18 + 0 weeks, using a 20–22-G needle under ultrasound
guidance.

• The most common indications for FBS are investiga-
tion of chromosomal mosaicism after amniocentesis
and hematological assessment of the fetus.

• Factors associated with increased risk of fetal loss after
FBS include fetal structural defects (including hydrops),
intrauterine growth restriction (IUGR) and, possibly,
gestational age < 24 weeks (GRADE OF RECOM-
MENDATION: B).

There are several reported approaches to the umbilical
vein for FBS, including cordocentesis (at the placental cord
insertion site or a free loop) and puncture of the intra-
hepatic portion of the vein via the fetal liver. The term
‘cordocentesis’ refers to the ultrasound-guided puncture
of the umbilical cord (umbilical vein), for either diagnos-
tic (FBS) or therapeutic (intrauterine transfusion or drug
instillation) purposes. The first series describing experi-
ence with FBS was published in 198761. FBS should be
performed beyond 18 + 0 completed weeks of gestation,
as the risk of fetal loss is increased before this stage62.

Technique

A 20–22-G needle is introduced transabdominally under
continuous ultrasound guidance and inserted into the
umbilical vein. The free-hand technique is used more
commonly, although the use of a needle guide is preferred
by some. If the placenta is anterior, a puncture of the
cord at the level of placental insertion is suggested; if
the placenta is posterior, a free loop of the cord or the
intra-abdominal portion of the umbilical vein is sampled62

(EVIDENCE LEVEL: 4).
Once the needle appears to have reached the target,

flushing with saline may be used to confirm its correct
position. Care should be taken to avoid the umbilical
arteries. Aspiration by syringe is attempted by an assis-
tant or the operator until blood is obtained in the sample.
Origin of the blood should be confirmed by microscope

(automated blood analyzer) to assess the mean corpus-
cular cell volume, or using a rapid acidification test (i.e.
Kleihauer Betke or Apt test)62.

The intrahepatic vein has been proposed as an alterna-
tive site when cord access is difficult or sampling fails at
the placental cord insertion site63. Additional advantages
of FBS at the intrahepatic vein include absence of cord
complications, reduced risk of fetal blood loss and feto-
maternal hemorrhage, and certainty of the fetal origin of
the sample.

Fetal loss

The risk of fetal loss after FBS is between 1% and
2%64–66. In a large retrospective study of 1821 women
who had undergone successful FBS, the procedure was
associated with a 3.2% risk of fetal loss vs 1.8% for
matched controls, yielding a net loss rate of 1.4%64

(EVIDENCE LEVEL: 2++).
Factors associated with increased risk of fetal loss after

FBS include fetal anomalies, IUGR and gestational age
< 24 weeks. A small retrospective study found that the
fetal loss rate was 14% (4/29) in fetuses with structural
defects and 25% (9/36) in fetuses with hydrops, compared
with only 1% (1/76) in fetuses with normal ultrasound
findings65 (EVIDENCE LEVEL: 2++). A similar, but
much larger (n = 1878), retrospective study also reported
increased fetal loss rates for fetuses with severe IUGR
(8.9%) or structural abnormalities (13.1%), compared
with 1% for fetuses with normal ultrasound findings66

(EVIDENCE LEVEL: 2++). In addition, a large ret-
rospective series of 2010 procedures indicated that the
FBS-related loss rate may be higher before 24 weeks com-
pared with after 24 weeks (2.7% vs 1.9%)67 (EVIDENCE
LEVEL: 2++).

This procedure should be performed only by expe-
rienced operators. Although there are no specific
data, the risk of complications or sampling failure is
expected to decrease with increasing experience of the
operator.

4. ELIGIBILITY FOR INVASIVE PRENATAL
DIAGNOSIS

• Detailed counseling should precede any invasive proce-
dure, covering the expected benefits, risks and technical
aspects of the test.

• Currently valid indications for invasive prenatal testing
include increased risk for fetal chromosomal abnormal-
ity, increased risk for hereditary genetic or metabolic
disease and increased risk for some perinatal infections.

Prior to a prenatal diagnostic procedure, pretest coun-
seling of the couple is required. This may be carried out
by the specialist in obstetrics or in fetal medicine who
performs the procedure or by a geneticist or a dedicated
midwife (EVIDENCE LEVEL: 4). The following issues
should be presented and discussed2: benefits and risks of
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invasive prenatal diagnosis vs screening17,22; differences
between CVS and amniocentesis in terms of accuracy of
results, complications and different timing and type of
termination of pregnancy in case of abnormal results22;
national and locally estimated risks of procedure-related
pregnancy loss; accuracy and limitations of the particu-
lar laboratory test(s) being performed, with information
on the rate of inconclusive results and reporting times;
method of communication of results; indications for seek-
ing medical advice following the test; the need for anti-D
passive immunization post-procedure if the woman is
Rhesus negative and non-immunized2,22. At the end of
this detailed informative process, written consent should
be obtained from the woman2.

Indications for amniocentesis or CVS

The following are currently considered valid indications
for invasive prenatal diagnosis by amniocentesis or CVS:
increased risk of fetal aneuploidy, increased risk for a
known genetic or biochemical disease of the fetus, mater-
nal transmittable infectious disease and, under certain
circumstances, maternal request.

Increased risk of fetal aneuploidy (EVIDENCE
LEVEL: 4)

The increased risk may derive from a screening test
(first-trimester combined test; cffDNA test/non-invasive
prenatal test (NIPT); second-trimester biochemistry, such
as triple or quadruple test); abnormal ultrasound find-
ings (fetal structural anomaly commonly associated with
chromosomal abnormality); obstetric history (previous
fetus or child affected by aneuploidy) or family history
(parental carrier of chromosomal balanced transloca-
tion or inversion, parental aneuploidy or mosaicism for
aneuploidy)17.

Advanced maternal age (> 35 years) alone should not
be considered an indication, although in some countries it
is still among the accepted criteria for invasive testing4,17

.

Conception by assisted reproductive technique in itself
is not considered a valid indication for invasive prenatal
diagnosis. However, in pregnancies achieved by intracy-
toplasmic sperm injection because of oligospermia, the
prospective parents should be informed that there is an
increased risk of chromosomal anomalies in the sperm
causing infertility which may be transmitted to male
offspring.

Increased risk for a known genetic or biochemical
disease of the fetus17 (EVIDENCE LEVEL: 4)

The increased risk may derive from: a family hered-
itary disease with a known mutation or biochemical
change; male fetus and carrier status of pregnant woman
for a disease with X-chromosomal inheritance; car-
rier status of both parents for an autosomal recessive
disorder.

Maternal transmittable infectious disease17 (EVIDENCE
LEVEL: 4)

In the case of maternal primary infection or seroconver-
sion involving toxoplasma, cytomegalovirus or rubella,
prenatal invasive testing may be indicated to confirm or
exclude transmission of the infection to the fetus.

Maternal request (EVIDENCE LEVEL: 4)

Maternal request as a standalone criterion is not generally
considered a valid indication for invasive prenatal diagno-
sis, though under exceptional circumstances, for example
when there is acute parental anxiety, and after extensive
counseling, the fetal medicine specialist may permit this.

Indications for FBS (EVIDENCE LEVEL: 4)

The commonest indications for FBS are investigation for
chromosomal mosaicism after amniocentesis or hema-
tological assessment of the fetus (quantification of fetal
anemia or platelet/lymphocyte count)17,62.

In current practice, the following indications have
become extremely rare, having been replaced largely by
CVS and amniocentesis17,62: full karyotype; blood type or
platelet antigen status; genetic testing; infection; plasma
or serum studies (e.g. metabolites, hormones).

5. CHECKLIST BEFORE AND AFTER
THE PROCEDURE

• The Rhesus status of the mother and the presence
of alloantibodies in the serum should be checked
before performing a prenatal invasive procedure; pro-
phylactic anti-D immunoglobulin should be given
to non-sensitized women within 72 h post-procedure
unless the alleged father of the fetus is proven also to
be Rhesus negative.

• Universal maternal screening for blood-borne viruses
(hepatitis B & C virus (HBV & HCV); human immun-
odeficiency virus (HIV)) is not recommended.

• Antibiotic prophylaxis before an invasive procedure is
currently not recommended.

• The main principles of asepsis need to be observed
while performing an invasive procedure.

• A detailed report regarding the procedure must be
provided to the managing healthcare provider.

Maternal blood group testing and Rhesus prophylaxis
(EVIDENCE LEVEL: 2+)

All current guidelines recommend testing of women for
their Rhesus status and for presence of alloantibod-
ies before invasive procedures68. Rhesus prophylaxis
is strongly recommended after an invasive proce-
dure in non-sensitized Rhesus-negative women with a
Rhesus-positive partner (unless the fetus has been found
to be Rhesus negative by cffDNA testing of maternal
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serum). A single intramuscular dose of anti-D antibodies
in fixed preparation is commonly used68. In a prospective
series of 361 Rhesus-negative women who underwent
amniocentesis, did not receive anti-D prophylaxis and
delivered a Rhesus-positive infant, five (1.4%) yielded
a positive anti-D antibody result; none of these infants
had clinical consequences69. The corresponding rate in a
series of 115 women was 3.4%; one of these four infants
required two exchange transfusions but was reported
to be developmentally normal at the age of 2 years70.
Nevertheless, anti-Rhesus prophylaxis after amniocente-
sis has been recommended since the late 1970s71, and
in a series of 944 Rhesus-negative women who received
anti-D immunoglobulin, no case of Rhesus sensitization
occurred72.

Maternal screening for blood-borne viruses

The risk of viral transmission to the fetus through inva-
sive testing is negligible and is probably limited to those
pregnant women with high viral load73.

Antibiotic prophylaxis

There is only one RCT on the prophylactic administra-
tion of antibiotics (azithromycin) before amniocentesis
(n = 34 923): a lower rate of procedure-related miscar-
riage (0.03%) and PPROM (0.06%) was observed in the
azithromycin group (n = 21219) vs the no-intervention
group (0.28% and 1.12% respectively, n = 12 529)74

(EVIDENCE LEVEL: 1–). However, the publication of
this study triggered a scientific and legal dispute75–77 and
its results should be interpreted with caution. A much
smaller (n = 1744) retrospective study did not detect
differences in fetal loss rate between patients treated
with prophylactic antibiotics (amoxicillin/clavulanic-acid
or azithromycin, rate 1.3%) and untreated women
(1.2%)78 (EVIDENCE LEVEL: 2++). There are insuf-
ficient high-quality data to evaluate the effect of antibiotic
prophylaxis before an invasive procedure79, and its use is
currently not endorsed by scientific bodies.

Ultrasound (pre- and post-procedure) (EVIDENCE
LEVEL: 4)

Before subjecting a woman to an invasive procedure, the
following items should be checked by ultrasound: num-
ber of fetuses and viability; placental location; amount of
amniotic fluid; gestational age3. Ultrasound examination
is also performed commonly after an invasive proce-
dure to check the fetal heart rate, placenta (presence of
hematoma) and amount of amniotic fluid. This can be
done immediately or some days later, depending on local
policy22.

Asepsis (EVIDENCE LEVEL: 4)

The main principles of asepsis need to be observed while
performing an invasive procedure to minimize the risk

of fetomaternal infection. The use of a tray with sterile
gloves, gauze pads, forceps and needles is recommended3.
Before transabdominal CVS, amniocentesis or FBS, the
abdominal skin needs to be cleaned with antiseptic solu-
tion (chlorexidine or iodine) and subsequently covered
with a sterile drape. The use of a sterile bag to enclose the
probe is commonly adopted. Alternatively, the probe may
be disinfected. The use of separate sterile gel is strongly
recommended to avoid bacterial contamination. Before
transcervical CVS, a sterile speculum is inserted and both
cervix and vaginal walls are cleansed with an antiseptic
solution2,3,5.

Local anesthesia

A recent Cochrane meta-analysis pooled the results of
five RCTs evaluating different methods of analgesia for
amniocentesis; there was no randomized trial for CVS. It
was concluded that, in general, there is only minor pain
during amniocentesis and therefore there is no evidence
to support the use of analgesia80 (EVIDENCE LEVEL:
1+). Before transabdominal CVS, local anesthetic can be
used to reduce the discomfort of the patient caused by
the larger needle size2,3,80. In a recent UK survey, 89% of
operators reported the use of local anesthesia at CVS47

(EVIDENCE LEVEL: 3). Before FBS, the use of local
anesthetic may be considered in order to reduce the risk
of maternal movements during the procedure62. The use
of local anesthetic before transcervical CVS has not been
reported.

Reporting (EVIDENCE LEVEL: 4)

A detailed report regarding the procedure must be given
to the patient and to her healthcare provider. The fol-
lowing data should be included: indication for invasive
diagnosis2; ultrasound findings prior to the procedure2;
procedure description: instrument used, puncture site,
number of punctures, quantity of sample, appearance of
the amniotic fluid (in case of amniocentesis); viability
of the fetus, appearance of the placenta and amniotic
fluid volume after the procedure2; Rhesus status and
prophylaxis2; laboratory exams requested (conventional
G-banded karyotype and/or quantitative fluorescence
polymerase chain reaction (QF-PCR)/fluorescence in-situ
hybridization (FISH) with or without microarray)2.

Post-procedure instructions (EVIDENCE LEVEL: 4)

Limiting physical activity for 12–24 h is optional as there
is no evidence of clinical benefit. No particular pharma-
cological treatment is widely recommended although the
use of paracetamol (acetaminophen) may be considered
soon after the procedure in case of substantial abdominal
discomfort3. Administration of progesterone or tocolytic
drugs (i.e. terbutaline) following amniocentesis or CVS
has not been demonstrated to yield a clear benefit in
terms of relevant clinical outcome79. Post-test genetic
consultation is recommended only in cases of abnormal
result17 (EVIDENCE LEVEL: 4).
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6. TYPES OF GENETIC TESTING: WHAT
TO LOOK FOR

The following laboratory testing may be carried out on the
fetal sample obtained by the invasive procedure: full kary-
otype, rapid testing, molecular diagnosis of chromosomal
imbalances and diagnosis of monogenic disease.

Full karyotype (EVIDENCE LEVEL: 4)

The conventional method for karyotype analysis is
metaphase analysis of cultured amniocytes or that of
placental mesenchymal cells obtained from amniocente-
sis or CVS, respectively. The results are available in 2
weeks. In contrast, metaphase analysis of fetal lympho-
cytes obtained from cordocentesis is available in 2–5
days. Following CVS, direct analysis of cytotrophoblastic
metaphases is feasible and may be achieved within 5
days17.

Rapid testing (EVIDENCE LEVEL: 4)

Rapid testing, such as QF-PCR (or, more rarely, FISH),
may be carried out on villi or amniotic fluid to test for
specific chromosomes (21, 13, 18, X, Y). These tests
provide results in 1–2 days and are commonly employed
following a screen-positive result or in fetuses with ultra-
sound findings or markers of common aneuploidies17.
In some settings, the use of QF-PCR has replaced the
full karyotype. However, inaccuracies of the rapid test-
ing results (false positive or false negative) are reported
occasionally. On this basis, abnormal rapid testing should
be confirmed by metaphase culture or should be asso-
ciated with ultrasound anomalies before making clinical
decisions regarding continuation of the pregnancy81. The
right to terminate the pregnancy following a sole abnor-
mal rapid testing result varies across different healthcare
systems and is based on local policy.

Molecular diagnosis of chromosomal imbalances

Microarray techniques (e.g. array comparative genomic
hybridization (aCGH)) were introduced recently into the
field of prenatal diagnosis. These methods are able to
detect submicroscopic chromosomal deletions and dupli-
cations (copy number variants (CNV))17. Different plat-
forms are available, including genome-wide (10–400-Kb
resolution), targeted (i.e. prenatal ‘bacterial artificial chro-
mosome (BACS)-on-beads’ (BoBs)) and mixed arrays. In
the first large study comparing microarrays with kary-
otype for prenatal diagnosis, it was found that the former
could detect clinically relevant aberrations in 6.0% of
fetuses with normal karyotype and structural defects and
in 1.7% of those undergoing invasive testing for advanced
maternal age or positive screening results82. Several stud-
ies have followed and pooled incremental diagnostic yields
of 7.0% and 5.0% were reported with use of aCGH in
fetuses with congenital heart defects or increased NT,
respectively83,84 (EVIDENCE LEVEL: 2++).

Currently, the use of these techniques is recommended
in cases of fetal structural anomalies82 or NT > 3.5 mm in
the first trimester83,84. Among these groups of pregnan-
cies, an increased rate of pathological CNV in comparison
with conventional analysis is yielded by the use of microar-
ray. However, their use in an unselected population is
strongly debated due to the difficult interpretation and
counseling in cases of variants of unknown significance
(VOUS). The possibility of not reporting VOUS in order
to overcome the issue of counseling prospective parents in
the context of uncertain and probably irrelevant findings
has been proposed by some6 (EVIDENCE LEVEL: 4).

Diagnosis of monogenic disease

Invasive procedures may be used in the prenatal diagnosis
of any monogenic disease whose molecular defect is well
known or has been characterized previously (EVIDENCE
LEVEL: 4).

7. MATERNAL INFECTION

• The risk for vertical transmission of HBV after
amniocentesis does not appear to be increased in
HBeAg-negative women.

• The risk for vertical transmission of HIV does not
appear to be increased in women receiving combined
highly active antiretroviral therapy (HAART).

• It is prudent that in any case of maternal HBV, HCV or
HIV infection, non-invasive testing is preferred; when-
ever amniocentesis is performed, every effort should be
made to avoid the placenta.

In women with chronic infection, transplacental needle
insertion during amniocentesis should be avoided. In gen-
eral, the rate of fetal transmission seems to depend on the
maternal viral load85.

Hepatitis B virus (HBV)

A study comparing the vertical transmission rates in
infants of HBsAg-positive mothers who had or had not
undergone amniocentesis found that the amniocentesis
group had a higher transmission rate overall (6.35%
vs 2.53%). Transmission rates did not differ between
amniocentesis and control groups when the viral load
was low, but they were very high in the amniocente-
sis group (50%) for viral loads ≥ 7 log10 copies/mL85

(EVIDENCE LEVEL: 2++).
The rate of fetal transmission does not seem to be

increased in HBsAg-positive HBeAg-negative women
in comparison with controls (1.5–3%), while the
risk is probably increased compared with controls in
HBeAg-positive patients. The protective role of immuno-
prophylaxis or antiviral therapy before the procedure
has not been explored in these cases86,87 (EVIDENCE
LEVEL: 2++).
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Although data are limited, particularly with respect to
the potentially increased risk for HBeAg-positive women,
the Society of Obstetricians and Gynaecologists of Canada
currently recommends that every effort should be made
to avoid inserting the needle through, or very close to, the
placenta73.

Hepatitis C virus (HCV)

Few data are available on the rate of maternal–fetal trans-
mission of HCV during amniocentesis, although fetal
infection rates have been shown to be similar in cases
with HCV-positive mothers who have not undergone
amniocentesis17.

Human immunodeficiency virus (HIV)

Amniocentesis was a major risk factor for vertical HIV
transmission in the pre-antiretroviral drugs era. A retro-
spective study on 553 infants of HIV-1-positive women
reported that amniocentesis was an independent risk fac-
tor for vertical transmission, increasing the risk approx-
imately four-fold (odds ratio, 4.1 (95% CI, 2.1–9.5))88

(EVIDENCE LEVEL: 2+).
The introduction of combined antiretroviral therapy

(c-ART) changed this picture radically. A Spanish study
compared the outcomes of 366 HIV-positive mothers
before and after 1997, when antiretroviral therapy was
widely implemented: the rates of vertical transmission
in women who had undergone amniocentesis and those
who had not were 30% (3/10) and 16.2% (40/247),
respectively, before 1997, while the corresponding rates
decreased to 0% (0/18) and 3.7% (3/81) after 199789

(EVIDENCE LEVEL: 2+). Similarly low rates were
reported after 1997 in an Italian (3.3%)90 and a French
(0%)91 study. Furthermore, a multicenter French study
highlighted the superiority of HAART (transmission rate,
0%) over zidovudine alone (transmission rate, 6.1%) or
no treatment (transmission rate, 25.0%) in HIV-positive
women undergoing amniocentesis92 (EVIDENCE LEVEL:
2++).

In HIV-infected pregnant women, fetal transmission
does not seem to be increased in those undergoing
amniocentesis compared with controls not undergoing
the procedure if the viral load is low, if the patient
was on c-ART before conceiving or if the viral load
is high but c-ART was started at least 2 weeks before
amniocentesis90,93.

According to the Society of Obstetricians and Gynae-
cologists of Canada, for women not on c-ART, the risk
of vertical transmission is increased by amniocentesis.
When possible, c-ART should be initiated and the pro-
cedure postponed until the viral load is undetectable73.
Similar to HBV and HCV, every effort should be made
in HIV-positive mothers to avoid inserting the needle
through, or very close to, the placenta73.

The risk of HBV, HCV or HIV vertical transmission fol-
lowing CVS or cordocentesis has not yet been investigated
thoroughly73.

8. MULTIPLE PREGNANCY

• The rates of fetal loss after CVS and amniocentesis
appear to be similar in twin pregnancies (GRADE OF
RECOMMENDATION: C).

In multiple pregnancy it is preferable that invasive
procedures are carried out by a specialist who is able
to perform selective termination17. Data regarding the
risk of miscarriage related to the procedures come from
retrospective cohort studies, as no RCTs are available.

Amniocentesis in twins

Several retrospective studies have assessed the miscarriage
rate after amniocentesis in twins. Among the most recent,
a Canadian case–control study reported a 3.0% loss rate
after amniocentesis, compared with 0.8% in controls94;
a Spanish series reported 2.7% vs 2.6% loss95 and an
American study reported a loss rate of 3.2% vs 1.4%96

(EVIDENCE LEVEL: 2+). A meta-analysis summarizing
the data reported a pooled 3.07% pregnancy loss rate,
and a 2.54% loss rate before 24 weeks; for case–control
studies, the pooled loss rates for twin pregnancies under-
going amniocentesis and for control twins were 2.59%
vs 1.53% (RR, 1.81 (95% CI, 1.02–3.19))97. No differ-
ence was found between single vs double uterine entry97

(EVIDENCE LEVEL: 2++).

CVS in twins

The data for CVS are even more limited in twins. The
aforementioned meta-analysis97 reported a pooled loss
rate of 3.84% after CVS in twins. No significant dif-
ferences were found between transabdominal and trans-
cervical approaches, use of a single-needle system vs a
double-needle system and single uterine entry vs dou-
ble uterine entry97 (EVIDENCE LEVEL: 2++). There
have been no significant differences in loss rates reported
between CVS and amniocentesis in retrospective studies
comparing the two methods. A study including data from
the years 1984–1990 reported a 3.2% loss rate after CVS
vs 2.9% after amniocentesis98. Similar data were reported
in a more recent study, with loss rates of 3.85% and 4.0%
after CVS and amniocentesis, respectively99 (EVIDENCE
LEVEL: 2+). There are insufficient data to compare the
loss rate of CVS with the background risk in twins.

Higher-order pregnancies

Data regarding the risk of miscarriage related to invasive
procedures among higher-order multiple gestations are
lacking.

Chorionicity and mapping

Before performing an invasive procedure in multiple ges-
tations, it is critically important that chorionicity and
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placentation are mapped accurately and twins labeled
(with diagrams), and that it is noted whether the sex is
discordant3,100,101.

Technique of amniocentesis in twins

The technique of amniocentesis in twins varies according
to chorionicity98,101.

Amniocentesis in dichorionic twins

In a dichorionic twin pregnancy, sampling of both amni-
otic sacs is recommended. With the two-puncture tech-
nique (one per sac) there is a small (1.8%) risk of sampling
the same sac twice101. To overcome this problem, a dye
(indigo carmine) may be instilled in the first sac in dubi-
ous cases or in high-order multiple pregnancy. The use
of methylene blue as dye has been abandoned due to an
increased risk of fetal anomalies (jejunal atresia)102,103

(EVIDENCE LEVEL: 2+). The single-puncture technique
with intertwin membrane passage is an alternative option.
In this case, the first 1–2 mL of amniotic fluid sampled
after intertwin membrane passage should be discarded
to avoid contamination from the first twin101. The risk
of fetal loss has not been shown to be increased with
the two-puncture compared with the single-puncture
technique99 (EVIDENCE LEVEL: 2+).

Amniocentesis in monochorionic diamniotic twins

In monochorionic diamniotic twin gestation, sampling
of a single sac is warranted when chorionicity has been
determined clearly at ultrasound prior to 14 weeks and
fetal growth and anatomy are concordant. If this is not
the case, double sampling should be considered101 (EVI-
DENCE LEVEL: 4). A two-sampling approach may also
be considered after in-vitro fertilization (IVF) or in the case
of discordant anomaly/growth (small risk of heterokaryo-
type). If sampling of two sacs is clinically indicated, the
two-puncture technique is recommended to avoid iatro-
genic monoamnionicity101 (EVIDENCE LEVEL: 4).

Technique of CVS in twins

The sampling technique of CVS in multiple gestations
should also be tailored to the chorionicity97.

CVS in dichorionic twins

In dichorionic twins undergoing transabdominal CVS,
either two separate punctures, one at each trophoblastic
area, or a single-puncture technique sampling the two
placentae in sequence (double needle with single outer
of 18–19 G and two different inners of 20 G, one for
each placenta), may be performed. In transcervical CVS,
two biopsies, one at each placental site, are warranted101

(EVIDENCE LEVEL: 4). Sampling error or inaccurate
sampling are reported to occur in 3–4% of cases101.
Cross-contamination of chorionic tissue with coexistence

of cells from different placentae in the same sample is
described in 1% of CVS in twins104. To reduce the risk of
unreliable or inaccurate results, placental sampling near
the cord insertion and avoidance of the area around the
dividing membrane is recommended. Alternatively, a com-
bination of transabdominal and transcervical approaches
may be considered (EVIDENCE LEVEL: 4).

CVS in monochorionic twins (EVIDENCE LEVEL: 4)

In monochorionic twins, a single-sampling approach
around the amniotic equator is warranted. A shift
to amniocentesis with a two-sampling approach must
be considered after IVF or in the case of discordant
anomaly/growth (due to the small risk of heterokaryotype
in these cases)101.

9. THROMBOPROPHYLAXIS BEFORE
INVASIVE PROCEDURES

There are no available data regarding the discontinuation
of thromboprophylaxis before fetal invasive procedures.
Recommendations may be derived from studies carried
out on other types of percutaneous invasive procedures,
including liver biopsy. Regarding prophylactic dosage of
aspirin and low-molecular-weight heparin, discontinua-
tion before the procedure does not seem justified clinically.
However, withholding a single dose of heparin seems
advisable105,106.

10. AUDIT

Each examiner should carry out his/her own quality
control by collecting the following parameters: number
of interventions performed per year; number of sam-
ples with insufficient material; number of samples with
bloody amniotic fluid; number of interventions with more
than one puncture and number of punctures; pregnancy
outcome (including number of miscarriages and their
time interval following the procedure, leakage, prema-
ture delivery, rupture of membranes); other pregnancy
complications22.

11. TRAINING

Training for invasive procedures should begin on a
model/simulator, to practice maintenance of the needle
path within the ultrasonic window, so that the entire
needle remains visible at all times to ensure safety. Clini-
cal training should begin with ‘simple’ amniocentesis (i.e.
posterior placenta and with adequate amount of amni-
otic fluid) or CVS (i.e. easily accessible placenta) or in
women undergoing termination of pregnancy where this
is allowed. The minimum number of procedures that it is
necessary for an operator to perform, in order to optimize
their competence in doing them safely, varies widely in the
literature (from 45 to 300). However, according to most,
no further improvement is expected2 after 100 procedures
performed independently.
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APPENDIX 1 Grades of recommendations and levels of evidence used in these guidelines

Classification of evidence levels
1++ High-quality meta-analyses, systematic reviews of randomized controlled trials or randomized controlled trials with very

low risk of bias
1+ Well-conducted meta-analyses, systematic reviews of randomized controlled trials or randomized controlled trials with

low risk of bias
1– Meta-analyses, systematic reviews of randomized controlled trials or randomized controlled trials with high risk of bias
2++ High-quality systematic reviews of case–control or cohort studies or high-quality case–control or cohort studies with

very low risk of confounding, bias or chance and high probability that the relationship is causal
2+ Well-conducted case–control or cohort studies with low risk of confounding, bias or chance and moderate probability

that the relationship is causal
2– Case–control or cohort studies with high risk of confounding, bias or chance and significant risk that the relationship is

not causal
3 Non-analytical studies, e.g. case reports, case series
4 Expert opinion
Grades of recommendations
A At least one meta-analysis, systematic review or randomized controlled trial rated as 1++ and applicable directly to the

target population; or a systematic review of randomized controlled trials or a body of evidence consisting principally of
studies rated as 1+ applicable directly to the target population and demonstrating overall consistency of results

B Body of evidence including studies rated as 2++ applicable directly to the target population and demonstrating overall
consistency of results; or extrapolated evidence from studies rated as 1++ or 1+

C Body of evidence including studies rated as 2+ applicable directly to the target population and demonstrating overall
consistency of results; or extrapolated evidence from studies rated as 2++

D Evidence level 3 or 4; or evidence extrapolated from studies rated as 2+
Good practice

point
Recommended best practice based on the clinical experience of the guideline development group
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