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have a higher success rate and a lower complication rate. The 
decreasing number of prenatal invasive procedures calls
for quality assurance and monitoring of operators’ perfor-
mance.  Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 It is now more than 40 years since amniocentesis was 
introduced as a diagnostic invasive procedure in the sec-
ond trimester of pregnancy  [1] . The results tend to be 
available after 16 weeks of gestation, making termination 
of pregnancy, in case of an abnormal result, very stress-
ful. Chorionic villus sampling (CVS) was developed as a 
first trimester alternative.

  Traditionally, the indications for both tests have been 
very similar, with advanced maternal age being the prin-
cipal one. In some European countries more than 10% of 
the pregnant population undergoes invasive prenatal 
testing  [2] . However, the combination of ultrasound and 
biochemical markers has changed the paradigm of ante-
natal screening for Down’s syndrome.

  The proportion of pregnant women having an invasive 
test has been steadily declining  [3]  with the shift towards 
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 Abstract 
  Introduction:  As a consequence of the introduction of effec-
tive screening methods, the number of invasive prenatal di-
agnostic procedures is steadily declining. The aim of this re-
view is to summarize the risks related to these procedures. 
 Material and Methods:  Review of the literature.  Results:  
Data from randomised controlled trials as well as from sys-
tematic reviews and a large national registry study are con-
sistent with a procedure-related miscarriage rate of 0.5–1.0% 
for amniocentesis as well as for chorionic villus sampling 
(CVS). In single-center studies performance may be remark-
ably good due to very skilled operators, but these figures 
cannot be used for general counselling. Amniocentesis per-
formed prior to 15 weeks had a significantly higher miscar-
riage rate than CVS and mid-trimester amniocentesis, and 
also increased the risk of talipes equinovarus. Amniocentesis 
should therefore not be performed before 15 + 0 weeks’ ges-
tation. CVS on the other hand should not be performed be-
fore 10 weeks’ gestation due to a possible increase in risk of 
limb reduction defects.  Discussion:  Experienced operators 
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earlier testing. The risk assessment may be available as 
early as 10 weeks of gestation underlining the importance 
of safe early invasive tests.

  The aim of this review is to summarize the risks re-
lated to invasive procedures.

  How to Choose? 

 Indications 
 Advanced maternal age, usually defined as 35 years or 

more, used to be the most common indication for inva-
sive prenatal diagnosis. In many countries, this indica-
tion has been replaced by an individualised risk assess-
ment for Down’s syndrome based on maternal age, ges-
tational age, and a combination of ultrasonic and bio-
chemical markers. Maternal age performed poorly as a 
selection criterion for invasive diagnostic testing as only 
about 30% of Down’s syndrome fetuses were detected by 
offering amniocentesis or CVS to 10% or more of the 
pregnant population.

  Much more selective individualised risk assessment 
requires a set-up capable of offering screening to all preg-
nant women with an invasive procedure being offered 
when the estimated risk is above a certain cut-off. The 
policy established by the Fetal Medicine Foundation used 
a risk of having a Down’s syndrome fetus of 1 in 300 at 
the time of testing as a cut-off  [4] . Countries like Den-
mark have adopted this policy successfully  [3] .

  First trimester risk assessment using the double test 
(pregnancy-associated plasma protein A (PAPP-A) and 
free beta-human chorionic gonadotropin ( � -HcG)) and 
nuchal translucency thickness in combination with ma-
ternal age has been shown to be very efficient giving a 
detection rate of 90 for a 5% false-positive rate  [4] . It has 
been possible to incorporate this policy at a national lev-
el, while maintaining detection and false-positive rates 
 [3] . Risk assessment is continuously evolving and new 
markers, such as nasal bone, ductus venosus, tricuspid 
regurgitation, placental growth factor, are investigated 
and may be incorporated into the screening algorithm
 [4, 5] .

  Other indications include a previous pregnancy with 
a chromosomal abnormality, a parent with a chromo-
somal abnormality or carrier of an autosomal-recessive 
disorder, and identification of a structural fetal abnor-
mality by ultrasound.

  In multiple pregnancies, the risk of having at least one 
fetus with a chromosome abnormality is higher than in 
singleton pregnancies of the same maternal age. Before 

undergoing invasive testing, the pregnant woman and 
her partner should be informed about the option of selec-
tive termination. Data from a large collaborative study 
including 345 selective terminations in twins showed 
that the miscarriage rate of the whole pregnancy before 
24 weeks was 7.0%  [6] . Selective terminations before 15 
weeks seemed associated with a lower risk than if the pro-
cedure were performed later in pregnancy. This speaks in 
favour of opting for CVS as the invasive procedure of 
choice in twin pregnancies.

  Risks 
 Pregnancy Loss/Miscarriage 
 Maternal risks are small and extremely rare, therefore 

only fetal risks will be addressed in this paper.
  The total pregnancy loss after invasive prenatal diag-

nostic procedures consists of a procedure-related loss, 
which should be added to the background loss rates. The 
spontaneous fetal loss rate has been difficult to estimate, 
as large populations have not been followed from early 
pregnancy. Previously published attempts to ascertain 
spontaneous fetal losses may have been biased because of 
different definitions of fetal loss and length of follow-up, 
different methods to confirm a pregnancy’s viability and 
different intervals between the ultrasound scan showing 
a live fetus and fetal demise  [7] .

  The background loss rate in women in whom invasive 
testing may be indicated is related to maternal age, gesta-
tional age and the indication for the procedure. The risk 
will therefore be different for units serving a defined pop-
ulation from those working as a referral centre serving a 
high-risk population. The background loss rate thus de-
pends on the case mix of the unit.

  In a randomised trial, comparing amniocentesis with 
ultrasonography only in the control group the procedure-
related fetal loss of amniocentesis performed at a mean 
gestational age of 16 weeks was estimated to be 1.0% (95% 
confidence interval (CI) 0.3–1.5%) [8] . To be ethically ac-
ceptable, this study was performed only in women aged 
25–34 years, who would not otherwise have been offered 
an invasive procedure. A number of more recently pub-
lished case-control or uncontrolled studies in women at 
increased risk for Down’s syndrome did not show an in-
creased risk of abortion associated with second trimester 
amniocentesis, but those studies often lacked sufficient 
power to identify small differences  [9–11] . The very low 
procedure-related risk of 1 in 1,600 attributable to am-
niocentesis suggested by the FASTER trial  [12]  may be 
due to the use of a nonrandomized control group, a source 
of considerable bias  [13] .
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  The fetal loss rate following CVS has not been com-
pared with no invasive testing in randomised studies, but 
was found to be comparable to the fetal loss rate after am-
niocentesis  [14–16] . A Cochrane review of amniocentesis 
and CVS concluded that the total pregnancy loss of trans-
abdominal CVS is comparable to that of second-trimes-
ter amniocentesis (OR 0.90, 95% CI, 0.66–1.23), while 
transcervical CVS is likely to be associated with a signif-
icantly higher risk of miscarriage (OR 1.40, 95% CI, 1.09–
1.81)  [17] .

  Early amniocentesis, defined as amniocentesis per-
formed between 9 and 14 weeks, on the other hand was 
shown to carry a significantly higher risk of fetal loss 
than either CVS or amniocentesis performed in week 16 
or later  [18, 19] .

  The most recent systematic review of the procedure-
related complications of amniocentesis and CVS includ-
ed 29 observational studies published after 1995 on am-
niocentesis and 16 studies on CVS  [13] . Pregnancy loss 
before 24 weeks was 0.9% following amniocentesis and 
1.3% following CVS with a wide variation between stud-
ies.

  In the randomised trial of amniocentesis, the control 
group had a 0.7% rate of fetal loss from week 16  [8] , and 
the same rate was found in a French study of 3,472 wom-
en having amniocentesis compared to 47,004 controls 
 [20] . The spontaneous miscarriage rate is higher follow-
ing CVS than following amniocentesis, given that CVS is 
performed at around 12 weeks of gestation and amnio-
centesis at 16 weeks. Therefore the estimated pregnancy 
loss rates from the systematic review  [13]  suggest that the 
procedure-related loss rate may be lower than the 1% 
found in the randomised trials.

  In a Danish national register-based cohort study, the 
post-procedural fetal loss rate, i.e. miscarriage rate before 
24 weeks, was assessed among singleton pregnant women 

who had an amniocentesis (n = 32,852) or CVS (n = 
31,355) between 1996 and 2006  [21] . The miscarriage rate 
after amniocentesis was 1.4% (95% CI 1.3–1.5) and 1.9% 
(95% CI 1.7–2.0) after CVS.

  It may thus be concluded that data from randomised 
controlled trials as well as from systematic reviews and a 
large national registry study are consistent with a proce-
dure-related miscarriage rate of 0.5–1.0% for amniocen-
tesis as well as for CVS. In single-center studies perfor-
mance may be remarkably good due to very skilled op-
erators  [10, 22] , but these figures cannot be used for 
general counselling.

  Multiple Pregnancies 
 The background rate of spontaneous loss is higher in 

twin pregnancies than in singletons, and is associated 
with chorionicity  [23] . No randomised study has been 
performed in twin pregnancies to assess the miscarriage 
rate associated with an invasive procedure, and the pub-
lished series are small. Several cohort studies have com-
pared post-procedure miscarriage rate in twin pregnan-
cies having an amniocentesis or CVS with that in twin 
pregnancies without invasive procedure or singletons 
with an invasive procedure  [24–26] . The attributable risk 
of pregnancy loss was significantly greater in twin preg-
nancies after amniocentesis (2.7%), compared with non-
amniocentesis twin pregnancies (0.6%) and post-amnio-
centesis singletons (0.6%)  [25] . It should be noted that the 
risk in the two control groups was lower than expected. 
A very similar estimate was, however, reported by Cahill 
et al.  [24]  in a series of 311 amniocenteses in twin preg-
nancies. A meta-analysis of 2,026 women with twin preg-
nancies having amniocentesis concluded that the risk of 
fetal loss was significantly increased, with an OR of 2.42 
(95% CI 1.24–4.74)  [27] .

  The overall rate of pregnancy loss in twin pregnancies 
following CVS was comparable to that of amniocentesis 
(3.2% for CVS and 2.9% for amniocentesis  [26] ). An in-
creased risk of losing at least one fetus was, however, 
found in the amniocentesis group (9.3 vs. 4.9%).

  It may be concluded that in twin pregnancies, the rate 
of fetal loss following amniocentesis or CVS was higher 
than in singleton pregnancies. It is still uncertain if this 
is due to the higher spontaneous fetal loss rate in multiple 
pregnancies or a consequence of a more complex proce-
dure.

  Complications 
 Studies of early amniocentesis have suggested an ex-

cessive risk for talipes equinovarus  [19, 28, 29] .  Table 1  

Table 1. Rate of amniotic fluid leakage and rate of talipes in the 
infants according to gestational age at amniocentesis

Study Gestational
age at amnio-
centesis, weeks

Rate of am-
niotic fluid
leakage, %

Rate of tali-
pes in the 
infants, %

Tabor et al., 1986 [8] 16 1.7 0.8
Smidt-Jensen et al., 1992 [30] 15 2.8 0.5
CEMAT, 1998 [19] 15 2.4 0.2
Philip et al., 2004 [29] 14 9.7 0.9
CEMAT, 1998 [19] 12 4.6 1.3
Sundberg, 1997 [28] 12 4.4 1.7
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shows the rate of amniotic fluid leakage reported in the 
randomised controlled trials of amniocentesis, as well as 
the rate of talipes equinovarus in the infants. The earlier 
amniocentesis was performed, the higher the risk of hav-
ing amniotic fluid leakage and the higher the rate of tali-
pes. The very high rate of amniotic fluid leakage reported 
in one study  [29]  may be due to their definition of leak-
age. The exact mechanism for the development of talipes 
remains uncertain, but the relationship to amniotic fluid 
leakage suggests that decreased amniotic fluid volume is 
a causal factor  [19] . This was also found in a Swedish na-
tional registry study of 21,748 women having amniocen-
tesis and 47,854 controls, where the risk of musculoskel-
etal deformities was increased in cases when amniocen-
tesis had been done before 14 weeks of gestation (OR 1.32, 
95% CI 1.11–1.57)  [31] .

  It is therefore prudent to conclude that amniocentesis 
should not be performed before 15 weeks.

  CVS on the other hand has been linked to limb reduc-
tion defects, although the evidence remains conflicting. 
The first report identified 5 infants with severe limb mal-
formations among 539 pregnancies having undergone 
CVS before 66 days of gestation  [32] . A review of more 
than 200,000 CVS procedures by the World Health Or-
ganization could, however, not substantiate an increase 
in the incidence of limb reduction defects following CVS 
 [33] . After 10 weeks there was no increased risk of limb 
reduction defects, while the evidence below 10 weeks of 
gestation is less substantial  [33] . CVS before 10 weeks
is best avoided. In exceptional circumstances patients 
should be informed about a 1% or higher risk of limb re-
duction defects.

  CVS has been linked to the subsequent development 
of preeclampsia, while no such association was seen for 
amniocentesis  [29, 34] . In a case-control study nullipa-
rous women having CVS thus had a more than 4-fold in-
creased odds of developing preeclampsia  [34] . The poten-
tial biologic explanation behind this association could be 
that CVS initiates placental disruption, which may lead 
to placental dysfunction and preeclampsia. Further stud-
ies are needed in this area.

  Midtrimester amniocentesis significantly increased 
the incidence of neonatal respiratory difficulties, i.e. neo-
natal respiratory distress syndrome and congenital pneu-
monia with relative risks of 2.1 and 2.5, respectively  [8] . 
This finding was supported by an animal study, in which 
primates following midtrimester amniocentesis devel-
oped structural changes in the lungs not found in control 
monkeys  [35] .

  It is reassuring that case-control studies with long-
term follow-up of infants did not find amniocentesis to 
be associated with any long-term sequelae in spite of the 
increased rate of neonatal complications  [36, 37] , nor was 
this the case for CVS  [38] .

  Accuracy/Reliability of Chromosome Analysis 
 Tissue culture failure which would require a repeat 

amniocentesis or CVS is very rare. Chromosome analysis 
of amniotic fluid samples is highly accurate and the risk 
of diagnostic error extremely small. This may occur in 
the presence of maternal cell contamination (0.1–0.2%) 
or mosaicism (0.1–0.2%)  [39] . Improved techniques have 
almost eliminated maternal cell contamination as a 
source of clinical error.

  Mosaicism is detected in approximately 1% of CVS 
samples, i.e. ten times more frequently than in amniotic 
fluid samples. When placental mosaicism is detected, 
amniocentesis is often performed to assess whether the 
fetus is affected, which is the case in 10–20% of these
cases.

  When mosaicism is limited to the direct preparation, 
amniocentesis seems to correlate well with fetal geno-
type. In cases of tissue culture mosaicism, false-positive 
as well as false-negative results have been found in the 
amniocentesis sample  [40] .

  The success rate of cytogenetic diagnosis on CVS sam-
ples was reported to be 99.7%, with 1.1% of patients requir-
ing a further diagnostic test to interpret the results  [41] .

  New trends in prenatal diagnosis as a result of techni-
cal and laboratory developments have had a great impact 
on genetic counselling and invasive diagnostic methods. 
Improvements in laboratory techniques include fluores-
cence in situ hybridization (FISH) using chromosome-
specific DNA probes and amplification of polymorphic 
chromosome-specific markers by polymerase chain reac-
tion (PCR). The great advantage of these techniques is the 
possibility to provide karyotyping within 24–48 h, using 
either amniocytes or chorionic villi. Today most labora-
tories offer a rapid test (PCR or FISH) to detect trisomy 
21, 13 and 18, and sex chromosome aneuploidy, as well as 
tissue culture to provide a full karyotype.

  Having Chosen One: When and How to Do It? 

 Gestation 
 Amniocentesis performed prior to 15 weeks had a sig-

nificantly higher miscarriage rate than CVS and mid-tri-
mester AC  [18, 19, 29] . As well as increasing the miscar-
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riage rate early amniocentesis has been shown to increase 
the risk of severe talipes equinovarus  [19, 28] . Thus am-
niocentesis should not be performed before 15+0 weeks’ 
gestation.

  CVS should not be performed before 10 weeks’ gesta-
tion due to a possible increase in risk of limb reduction 
defects.

  Both procedures could be performed later in pregnan-
cy, although late CVS procedures have been described as 
more difficult due to an increased coarseness of the villi 
with advancing gestation.

  Techniques 
 Both procedures should be performed under continu-

ous ultrasound monitoring, by ‘freehand’ technique or 
using a needle-guide attached to the ultrasound probe.

  There was no significant difference in fetal loss rate 
between two needle insertions and only one insertion 
during second-trimester amniocentesis  [8, 42] . A slight, 
but statistically significant increase in fetal loss rate was 
associated with three or more needle insertions  [42, 43] .

  A small randomised controlled trial suggested that, 
although a 20-gauge needle is associated with more dis-
comfort during the procedure, it allowed faster fluid re-
trieval and was associated with a lower risk of intrauter-
ine bleeding in cases of transplacental needle insertion 
than a 22-gauge needle  [44] .

  The question of whether a transplacental approach in-
creases the fetal loss rate has not been examined in a ran-
domised setting. In a prospective case-control study of 
2,068 women undergoing second-trimester amniocente-
sis and their 2,068 matched controls, there was no sig-
nificant difference in fetal loss rate between transplacen-
tal and nontransplacental amniocentesis  [45] .

  In a recent Italian single-center study, nearly 35,000 
women having amniocentesis were randomised to have 
antibiotic treatment for three days before the procedure 
or not  [46] . The miscarriage rate within 4 weeks was sig-
nificantly lower in the intervention group (0.03%) than in 
the control group (0.28%), but information about follow-
up until delivery was unfortunately not available.

  CVS is a technically more difficult procedure to per-
form than amniocentesis, and it has been suggested that 
100–400 CVS are needed before the learning curve reach-
es a plateau  [47] . CVS may be performed transabdomi-
nally or transcervically. Both methods are efficacious, 
and the choice is in most cases dependent upon physician 
preference. The transcervical approach was associated 
with a higher miscarriage rate in randomised trials, but 
this may be due to lack of operator experience  [17] . With 

appropriate technical equipment an operator with suffi-
cient practical experience may decide on the sampling 
method in each case. In a UK survey 98% used the trans-
abdominal approach  [48]  and in the Northern European 
countries CVS is almost exclusively performed transab-
dominally, while in the United States and in Italy both 
methods are used.

  All fetuses should be sampled in multiple pregnancies. 
It may be discussed whether both fetuses in monochori-
onic diamniotic twin pregnancies should be sampled due 
to the very small risk of being dizygotic.

  The possibility of discordant results should be dis-
cussed with the couple before any testing, including the 
options available if a disorder is detected. Meticulous care 
should be taken to clearly map the locations of fetuses and 
placentas. In twin pregnancies, successful sampling was 
achieved in 99.3% of 297 undergoing amniocentesis and 
in 99.7% of 163 CVS  [49] .

  Experience has been shown to decrease the procedure-
related fetal loss for amniocentesis  [50]  as well as for CVS 
 [51] . In a recently published Danish cohort study of more 
than 60,000 invasive procedures, the miscarriage rate 
was inversely correlated with the number of procedures 
performed in a department  [21] . For CVS the miscarriage 
rate was increased in departments performing less than 
136 procedures per year compared to departments per-
forming more than 136 procedures per year, while for 
amniocentesis the miscarriage rate was only increased in 
those departments performing less than 45 procedures 
per year. This supports the concept that CVS is a more 
difficult procedure to master than amniocentesis.

  The decreasing number of invasive procedures result-
ing from the introduction of first trimester risk assess-
ment is a challenge for training as well as for maintaining 
the expertise of the operators. 

  Training, Benchmarking, Quality Assurance 
 As the number of invasive procedures declines as a re-

sult of the introduction of effective screening methods, 
interest rises concerning the training of new operators. 
Several training models have been developed to allow 
handling both the needle and ultrasound probe and their 
adequate positioning  [51, 52] .

  The number of procedures necessary to become an ex-
perienced operator has not been specified in any guide-
lines, but some countries have suggested a minimum of 
30  [53]  or 100  [54]  procedures to maintain expertise.

  Operator caseload has been shown to influence am-
niocentesis sampling efficiency, in that those performing 
more than 50 procedures over a 36-month period had a 
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higher rate of single-pass success than those performing 
less than 50 amniocenteses  [50] .

  When assessing performance in relation to invasive 
procedures, most studies have combined the rate of fetal 
loss following the procedure from one or more units. 
Some have used reporting loss within a 1- or 2-week pe-
riod after the procedure, others pregnancy loss before 24 
or 28 weeks. It would facilitate monitoring of these loss 
rates if an agreed classification system to report pregnan-
cy loss rate after these procedures were available. Nanal 
et al.  [55]  suggested calculating pregnancy loss after pre-
natal invasive procedures, by subtracting the losses in 
pregnancy with known lethal condition and those occur-
ring more than 2 weeks after the procedure from total 
pregnancy losses, but this proposal has not gained wide 
acceptability.

  The total rate of fetal loss depends on the case mix of 
the unit. It would be useful to be able to compare figures 
from different units adjusting for case mix. Unit-based 
data are however becoming obsolete, and focus should be 
on the individual performance of operators  [53] .

  As fetal loss occurs rarely following amniocentesis and 
CVS, and requires time-consuming follow-up of the 
whole population, surrogate measures for operator per-

formance have been suggested  [53] . This could be the pro-
portion of procedures requiring multiple needle inser-
tions, the proportion of procedures with failure to obtain 
an adequate sample or more readily assessable complica-
tions such as ‘bloody’ tap or amniotic fluid leakage.

  These measures of operator experience with target 
rates should be developed in an international guideline 
and used for benchmarking.

  Conclusion 

 The procedure-related miscarriage rate is 0.5–1.0% for 
CVS and amniocentesis.

  CVS should not be performed before 10 weeks due to 
the risk of limb reduction defects, amniocentesis not be-
fore 15 weeks due to an increased miscarriage rate and 
more talipes in the newborns. Experienced operators 
have a higher success rate and a lower complication rate. 
The decreasing number of prenatal invasive procedures 
following the introduction of first or second trimester 
risk assessment calls for quality assurance and monitor-
ing of operators’ performance.
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