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The mission of the Agence d'évaluation des technologies et des modes d’intervention
en santé (AETMIS) is fo contribute to improving the Québec health-care system and
to participate in the implementation of the Québec government's scientific policy.
In order to accomplish this, the Agency advises and supports the Minister of Health
and Social Services as well as the decision-makers in the health-care system with
respect fo the assessment of health services and technologies. The Agency makes
recommendations based on scientific reports assessing the introduction, diffusion
and application of health technologies, including technical aids for disabled
persons, as well as the modes of providing and organizing services. The assess-
ments take into account multiple factors, such as efficacy, safety and efficiency, as

well as ethical, social, organizational and economic impact.
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FOREWORD

FIRST-TRIMESTER PRENATAL SCREENING FOR DOWN SYNDROME
AND OTHER ANEUPLOIDIES

In 1999, the Conseil d’évaluation des technologies de la santé (CETS), subsequently renamed
the Agence d'évaluation des technologies et des modes d’infervention en santé (AETMIS), published an
assessment report on the issues relating to second-trimester prenatal Down syndrome screening and
diagnosis. The report, which was prepared at the request of the Ministére de la Santé et des Services
sociaux, concluded, among other things, that second-trimester prenatal serum screening is a less expen-
sive and more effective option than diagnosis by amniocentesis in women aged 35 and older and a valid
option for all pregnant women, regardless of their age.

There has been a rapid succession of scientific and technological advances in the area of
prenatal screening for Down syndrome and other chromosome abnormalities, and this has led to prac-
tice changes in Québec. AETMIS consequently deemed it necessary to examine the efficacy and the
effectiveness of first-trimester prenatal screening. This assessment report looks at the efficacy and the
effectiveness of first-trimester serum marker and ultrasound screening and at the different issues relating
to the implementation of such screening in Québec.

AETMIS feels that, although the efficacy of first-trimester prenatal screening is satisfactory,
its effectiveness has yet to be demonstrated, as indicated by numerous published studies that have
examined this aspect. Studies comparing the efficacy of first-trimester screening with that of second-
trimester screening are currently under way. If the two prove to be of equal efficacy, pregnant women
would nonetheless prefer first-trimester screening, since it permits an earlier diagnosis. In this report, we
will also stress the importance of the information to be given to women so that they can make informed
decisions.

In conclusion, given the available data, AETMIS does not recommend implementing wide-scale
first-trimester prenatal screening in Québec. However, it does feel that the effectiveness, costs and imple-
mentation modalities should be assessed or determined by means of research projects in settings where
quality service can be provided.

In disseminating this report, AETMIS wishes to provide the best possible information to the decision-
makers at the different levels in Québec’s health-care system who are concerned by this matter.

Renaldo N. Battista
President and Chief Executive Officer
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SUMMARY

Introduction

Down syndrome, or trisomy 21, is the most
common viable chromosome abnormality. The clini-
cal presentation is variable, but the phenotype is
characteristic and is always accompanied by a
certain amount of mental retardation. Its incidence in
the population is 1 per 770 live births, or 1.3 per
1,000 live births. The incidence increases gradually
with maternal age up to the age of 35 and very
quickly thereafter. In Québec, as elsewhere in the
world, pregnant women aged 35 and older are
offered amniocentesis for the purpose of diagnosing
Down syndrome and other chromosome abnormal-
ities. This program has been in place since 1976.
However, although the risk of giving birth to a child
with Down syndrome is higher after the age of 35,
most affected children are born of mothers under the
age of 35, since there are fewer deliveries after this
age. Furthermore, amniocentesis is an invasive proce-
dure that carries a risk of complications, including the
iatrogenic loss of an unaffected fetus. To improve the
performance of prenatal screening and diagnosis of
Down syndrome and other aneuploidies (abnormal
numbers of chromosomes) and to reduce the number
of amniocenteses, several techniques have been
developed. Some of them, such as second-trimester
serum marker screening, are routinely used in several
countries and in other Canadian provinces.

In 1999, the Conseil d'évaluation des tech-
nologies de la santé (CETS), subsequently renamed
the Agence d'évaluation des technologies et des
modes d'infervention en santé (AETMIS), published
an assessment report of the issues relating to second-
trimester prenatal Down syndrome screening and
diagnosis [CETS, 1999]. The report concluded that
prenatal diagnosis by amniocentesis offered to
women aged 35 and older at the time of delivery

is more expensive and less effective than second-
trimester maternal serum screening. CETS examined
the ethical issues surrounding prenatal screening and
stressed, in its recommendations, that the offer of
prenatal Down syndrome screening and diagnosis
should be flexible enough to adapt to new scientific
and technological advances.

According to recent literature and based on
current practices, first-trimester screening has been
adopted in various countries. In Québec, first-trimester
prenatal Down syndrome screening is presently
becoming more widespread, this in the absence of
clear standards and quality control mechanisms for
this practice. This report is a review of the published
scientific literature on first-trimester prenatal screening
for Down syndrome and other aneuploidies.

First-trimester maternal serum markers

Maternal serum markers, measured during
the first trimester, combined with maternal age can
reportedly detect between 56 and 67% of cases of
Down syndrome (61% on average), with a 5% false-
positive rate. This performance only concerns
singlefon pregnancies. It seems comparable to that of
second-trimester marker screening, although most
studies have involved high-risk pregnant women and
do not take the spontaneous loss of Down syndrome
fetuses between the first and second trimester into
account. The only study that has compared first-
trimester and second-trimester maternal serum
screening suggests that second-trimester screening is
superior. These findings would need to be confirmed
by larger studies, at least two of which are currently
under way. While they may be of equal performance,
first-trimester screening permits an earlier diagnosis.
It does, however, have the disadvantage of provid-
ing an unnecessary diagnosis of Down syndrome,
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since in such cases, the pregnancy terminates
spontaneously before term in a higher percentage of
women.

First-trimester ultrasound

Ultrasound is performed during the first
trimester (between the 10th and 14th week of preg-
nancy) in order to measure nuchal translucency, i.e.
the subcutaneous space between the fetal cervical
spine and the overlying skin. When it is > 3 mm
(between 2.5 and 4 mm, depending on the study) or
above the 95th percentile for the gestational age, it
indicates a high risk of Down syndrome or of another
aneuploidy. The mean defection rate was 69% in
studies involving high-risk populations and 66% in
those involving mixed or unselected populations. The
detection rate is 80% when the risk is assessed by
nuchal translucency measurement combined with
maternal age.

As is the case with serum markers, this rate
could be lower if the prevalence of Down syndrome
at term, rather than the first-trimester prevalence, were
taken into account. The differences observed between
studies and between centres probably reflect the diffi-
culties encountered when using nuchal translucency
measurement outside of terfiary-care centres or exper-
imental settings, in the absence of specific training
and practice monitoring programs. A nuchal translu-
cency measurement is obtained in 82 to 100% of
cases. The success rate of the ultrasound technique is
higher when there is no limit on the additional time
required to measure nuchal translucency. It is also
higher in studies in which transvaginal ultrasound is
performed after an unsatisfactory transabdominal
nuchal translucency measurement. It is 100% when
a 3D vaginal technique is used. Studies report a

repeatability coefficient of 0.22 to 1.04 mm. These
differences have major repercussions on the risk
calculation.

To improve the effectiveness of nuchal
translucency measurement, certain conditions must be
met. They are summarized in a paper by Nicolaides
et al. They include, among others: 1) appropriate
practical training for sonographers and auditing their
results; 2) the availability of good-quality equipment
with calipers that are accurate to within a decimal
point; 3) making the measurement between 11 weeks
and 13 weeks 6 days with the fetus in the neutral
position; 4) the option of using the transvaginal
approach when the measurement cannot be obtained
transabdominally [Nicolaides et al., 2000].

Increased nuchal translucency when the
karyotype is normal may indicate the presence of
other fetal malformations or pathologies, especially
cardiac malformations. In addition, the risk of the
spontaneous abortion of karyotypically normal
fetuses increases proportionately to the increase in
nuchal translucency.

The combined test: combined use of first-
trimester serum and ultrasound markers

Studies of the combined use of first-trimester
serum and ultrasound markers report detection rates
of 70 to 100%. However, at such detection rates,
the combined test does not reduce the number of
false positives. Two prospective, multicentre studies
evaluating the performance of screening using the
first-trimester combined test compared to that of
second-trimester serum marker screening are currently
under way in the United States and in Europe.
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The integrated test (first and second trimesters)

The integrated fest (first and second tri-
mesters of pregnancy), which combines the results for
the first-trimester serum markers and nuchal translu-
cency and the results for the second-trimester serum
markers info a single risk estimate, can reportedly
detect 85% of Down syndrome cases, with a false-
positive rate of less than 1%. These theoretical results
were derived from a mathematical model and have
never been subjected to a published clinical evaluo-
tion involving a cohort of patients. Since it includes an
alpha-fetoprotein (AFP) assay, the integrated test can
also be used to screen for open neural tube defects.
Apart from clinical performance, it should be stressed
that integrated screening generally takes two fo five
weeks, a long period of time that can cause a great
deal of anxiety in the pregnant woman. By communi-
cating the results as they become available, one can
resolve the problem created by this very long wait.
The mother can thus be immediately reassured or
terminate the pregnancy earlier. However, it should
be pointed out that this sequential method is less
accurate, since it yields more false-positive results.

Other methods being developed

The level of beta-core fragment of human
chorionic gonadotropin (hCG) and the urine estriol
level have been investigated as second-trimester urine
markers. Screening based on urine hyperglycosyl-
ated hCG and total urine hCG measurements
between the 11th and 22nd week of pregnancy is
reported to yield a detection rate of 79%, with a 5%
false-positive rate. The advantage of these tests is that
they can reportedly be used both during the first
and second trimesters of pregnancy. This screening
modality is still in the experimental stage.

Another promising fechnique, but one which
is still investigational, is the search for fetal cells or
fetal DNA in maternal blood. This technique can
reportedly be used not only for the prenatal diag-
nosis of diseases in the fetus, but also for detecting
certain diseases in the mother during pregnancy,
such as preeclampsia, or affer pregnancy, such as
autoimmune diseases.

Women'’s perspective on Down syndrome
screening

Published data show that, when given the
option, most women prefer first-trimester screening
because the period of uncertainty is shorter and
because they can terminate the pregnancy earlier,
before fetal movements can be perceived, and with
a lower risk of complications. False-positive results
cause a great deal of anxiety in pregnant women and
lead to the increased use of invasive diagnostic tech-
niques, such as amniocentesis, which carry a risk of
iatrogenic loss of unaffected fetuses. Multiple testing
also has repercussions on costs. A false-positive result
can affect a woman’s decision to participate in
screening during a subsequent pregnancy and could
also lead to the voluntary termination of pregnancy
as a result of the woman not clearly understanding
the significance of the test.

False-negative results can have psychological
effects on the parents, and they can also experience
more difficulty adapting to their parental role, even
many years after the birth of an affected child.
However, very few studies have examined this. As
well, false-negative results seem to undermine public
confidence in screening. Although many women
agree fo undergo prenatal Down syndrome screen-
ing, it seems that they are not given enough informa-
tion to make an informed decision regarding their
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participation in such screening when the time comes.
However, they attach fundamental importance to the
quality of this type of information.

The perspective of health-care professionals

A Finnish study reports that most physicians,
regardless of their specialty, believe that serum-based
Down syndrome screening and ultrasound screening
for malformations should be offered to ll pregnant
women in order to prevent the birth of a handi-
capped child or to enable the parents to better
prepare for the birth of an affected child, and in
order to reduce the costs associated with managing
handicapped individuals. These two types of screen-
ing were already being performed in Finland when
the survey was conducted. However, the respondents
indicated that, in their opinion, such screening had
two major disadvantages, namely, the anxiety that
false-positive results cause in women and the pres-
sure on them to abort at a point when the pregnancy
is already advanced, which can be emotionally
stressful. Most of the respondents did not think that
prenatal Down syndrome screening increases nega-
tive attitudes toward affected individuals, while for
some of the other respondents, it could. The new
screening modalities offer the advantage of accessi-
bility, better selection of candidates for amniocentesis,
and an additional option for women aged 35 and
older, who are disinclined to undergo an invasive
diagnostic procedure.

The position of professional associations and
clinical guidelines

In 1999, the American College of Obstetricians
and Gynecologists (ACOG) considered that, while
promising, first-trimester prenatal screening for chro-
mosome, cardiac or other abnormalities using nuchal

translucency alone or in combination with serum
markers, was still investigational. The technique for
measuring nuchal translucency and the very defini-
tion of nuchal translucency need to be standardized,
and until studies confirm the effectiveness of such
screening, it is not recommended for routine clinical
use. To date, the ACOG position remains unchanged.
In 1999, the Genetics Committee of the Society
of Obstetricians and Gynaecologists of Canada
(SOGC) recommended that second-tfrimester serum
screening programs for Down syndrome and neural
tube defects be set up across the country and that
they be accompanied by mechanisms to ensure the
continuing education of health-care providers and
consumers, and the evaluation and quality assurance
of these programs.

The Canadian Guidelines for Prenatal
Diagnosis states that “[s]creening for chromosomal
anomalies based on biochemical markers should
only be considered within a comprehensive screening
and prenatal diagnosis program including interpre-
tation, education, and follow-up counselling”. As
specifically regards ultrasound markers, the SOGC
states that the “[pJrediction of the risk for fetal tri-
somies based on soft signs should conform to
accepted criteria for a screening program and should
only be done where facilities exist for adequate
follow-up.” Further studies should be conducted to
determine how ultrasound signs “can be combined
with other information such as maternal age or
maternal serum screening to provide risk estimates.”
In Québec, a report prepared by an ad hoc commit-
tee and approved by three medical associations
recommends the rapid implementation of a second-
trimester prenatq| screening program and the
assessment, in a university setting, of first-trimester
screening.

FIRST-TRIMESTER PRENATAL SCREENING FOR DOWN SYNDROME AND OTHER ANEUPLOIDIES



The perspective of Down syndrome associations

The Canadian Down Syndrome Society
expressed its position regarding prenatal genetic
testing in May 1999. It feels that prenatal Down
syndrome screening, the objective of which is to
detect affected fetuses and terminate pregnancies,
can adversely affect the quality of life of individuals
with Down syndrome in our community. This could
happen if this approach leads to a reduction in fund-
ing and support services for these individuals and if
society in general adopts a negative attitude toward
them. However, the Society does support screening if
performed with a view to providing improved care by
enabling parents and health professionals to better
prepare for the birth of an affected child. Partic-
ipation in screening should be voluntary and be
based on quality genetic counselling. Parents should
be given enough time to decide if they wish to
proceed with the testing. The Society suggests giving
parents the opportunity to speak to parents of chil-
dren with Down syndrome.

The ethical issues

Prenatal screening and diagnosis raise vari-
ous ethical issues which pregnant women and
couples, health-care professionals, society and the
public authorities need to address. Down syndrome
screening and diagnosis do not provide a therapeu-
tic option, since the only possible preventive measure
is abortion. In this context, it is essential that partici-
pation by pregnant women and couples in Down
syndrome screening be voluntary, and they should
participate only if they can count on quality, objec-
tive, nondirective genetic counselling. Other ethical
issues, especially that underlying the debate over
selection of the unborn, also accompany prenatal
screening and diagnosis. This debate is all the more
crucial in the case of Down syndrome, since prenatal

diagnosis does not provide any information on the
degree of mental retardation or the presence or
absence of serious malformations. In addition to this
problem, there is the issue of the iatrogenic loss of
unaffected fetuses. Lastly, prenatal screening raises
the possibility of reallocating resources, which could
result in a cut-back in services for managing Down
syndrome individuals or in support services for their
families.

Conclusions

e The efficacy (under experimental conditions)
of the different first-trimester prenatal screen-
ing modalities for Down syndrome and other
aneuploidies is satisfactory, but it needs to be
confirmed because of the methodological
limitations of most of the studies. Despite
the numerous studies involving more than
150,000 pregnancies, there are still some
questions regarding effectiveness, especially
that of nuchal translucency measurement in
nonexperimental conditions.

e At this time, it is impossible to state whether
first-trimester or second-trimester screening
is superior in terms of efficacy.

e Different first-trimester prenatal screening
modalities are already available in Québec,
both in the public and private sector.

* First-trimester prenatal screening permits an
earlier diagnosis than second-trimester
screening. Consequently, pregnant women
prefer this approach.

* Implementing first-trimester screening will
require changes to current prenatal care
practice, mainly with regard to the week of
pregnancy during which the pregnant
woman'’s first medical visit takes place, the
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number of ultrasounds required and when,
during the pregnancy, ultrasound is perform-
ed. Some of these changes are already being
instituted in Québec.

Prenatal Down syndrome screening should
be included with all other prenatal screening
activities and take into consideration the
other diseases that these techniques might or
might not be able to defect.

Recommendations

* Based on the current state of knowledge, imple-

menting wide-scale first-trimester screening in
Québec cannot be recommended. However,
it is essential that current practices be guided
in order to ensure the quality of the services
provided. First-trimester screening should be
restricted to university hospitals which meet
all the requirements for providing quality
service and which agree to be evaluated. The
primary objective of the evaluation would be
to defermine the effectiveness of the different
modalities in the Québec context. It should
also make it possible to define the charac-
teristics of the population and the service
network and to determine the professionals’
training needs regarding the techniques and
genetic counselling, and the availability of
suitable equipment and the costs associated
with screening in Québec. It would also serve
to determine the main aspects of developing
and implementing quality control mecha-
nisms, should the practice be expanded.

 The conclusions of the 1999 CETS report,

which examined second-trimester screen-
ing and diagnosis, still hold'. Implementing
second-trimester screening will make it
possible to offer serum marker screening to
all pregnant women who want it. It may also
serve to set up genetic counselling services,
which will be useful for all other types of
prenatal screening and diagnosis, as well.
Eventually, it may become a complementary
approach to or be replaced by first-trimester
screening. The results of research currently
under way will make it possible to compare
first-trimester screening and second-trimester
screening and their usefulness when used
alone or in combination.

1. Those conclusions still hold, even though the economic analysis of second-trimester screening was not updated, as this was not
one of the objectives of this report, and though the quadruple marker should replace the triple marker.

FIRST-TRIMESTER PRENATAL SCREENING FOR DOWN SYNDROME AND OTHER ANEUPLOIDIES



Since the results of the SURUSS* trial (Serum, Urine
and Ultrasound Screening Study) were being
published right when we sent this assessment report
to press, the report’s conclusions and recommenda-
tions need to be discussed in light of those results.

As regards the conclusions, we have expanded
upon the second one:

e Since the efficacy of first-trimester screen-
ing (combined test) and that of second-
trimester screening (quadruple test) are
comparable, it cannot, at this time, be
stated that either modality is superior to
the other.

In addition, the results of the SURUSS trial confirm
the recommendations of this assessment report,
mainly with regard to:

* The usefulness of instituting second-trimester
prenatal screening in Québec; and

* The need to first limit the practice of first-
trimester screening to specialized centres

in order to determine its effectiveness,
feasibility, costs and organizational aspects
in the Québec context.

Furthermore, new knowledge is to be added to this
assessment, specifically:

e |t is important to examine the conditions
for the practice of nuchal translucency
measurement, especially the technical
performance of ultrasound equipment
(makes and models).

* When used alone, certain markers, mainly
nuchal translucency measurement, do not
seem to be very effective.

* From a practical standpoint, the integrated
test is effective, and the integrated test exclu-
sively with first- and second-trimester serum
markers can yield a good performance.

However, as the authors point out, studies under
way will need to confirm the feasibility and accept-
ability of the integrated test.

* Wald NJ, Rodeck C, Hackshaw AK, Walters J, Chitty L, Mackinson AM. First and second trimester antenatal screening for Down'’s
syndrome: the results of the Serum, Urine and Ultrasound Screening Study (SURUSS). Health Technol Assess 2003;7(11).
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GLOSSARY

Abortion:
the spontaneous or induced expulsion of a fetus before its viability date. In this report,
“abortion” and “fetal loss” are sometimes used synonymously.

Aneuploidy:
an abnormal number of chromosomes. It is due to the absence of a chromosome or the
presence of an extra chromosome. The normal human karyotype has 46 chromosomes,
22 pairs of somatic chromosomes and one pair of sex chromosomes.

Detection rate:
the detection rate reflects a test’s sensitivity, that is, its ability to detect affected
individuals. It is closely associated with the risk cut-off level used and the false-positive
rate, but it is independent of the prevalence of Down syndrome (see Appendix A).

False-negative rate:
the proportion of affected pregnancies considered to be at low risk upon screening.

False negatives:
all affected cases not detected during screening (see Appendix A).

False-positive rate:
the proportion of unaffected pregnancies considered to be at high risk upon
screening. This rate is independent of the prevalence of Down syndrome and
is equal fo the complement of specificity (1 - specificity) (see Appendix A).

False positives:
all cases which are unaffected but which are considered at high risk upon screening
(see Appendix A).

High risk after screening:
the estimated risk is greater than or equal to the chosen risk cut-off level. In the case
of Down syndrome screening, the risk cut-off level generally used is between 1:250

and 1:385.

latrogenic fetal loss:
in this report, iatrogenic fetal loss will refer solely to the loss of unaffected fetuses due
to a procedure aimed at diagnosing this disease.

XV
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Multiple of the median (MoM):
in a pregnant woman, the concentration of a given serum marker divided by the
median value of the concentration of that marker in all pregnant women of the same
gestational age, after eliminating the pregnancies characterized by a disease that can
affect serum marker levels. Depending on the test, an abnormal value will be expressed
as a fraction (e.g., 0.5) or as a multiple (e.g., 2.0) of the median value.

Phenotype:
the outward manifestation of a given individual’s constitution resulting from
the interaction between his or her genetic baggage and his or her environment.

Risk:
in this report, risk is the relationship between the number of affected and unaffected
pregnancies. It is expressed as a ratio (e.g., a risk of 1:20 means 1 affected pregnancy
for 20 unaffected pregnancies) or a proportion (e.g., a risk of 1/21 means 1 affected
pregnancy out of a fotal of 21 pregnancies).

Risk cut-off level:
a value which, during screening, serves to distinguish between high and low risk.

Screening:
the identification of a health problem in individuals who appear to be in good health.
In the specific context of this report, “screening” refers to tests performed in pregnant
women in order to identify those who are at high risk for carrying a child with Down
syndrome. Detecting a high risk does not confirm a diagnosis but stresses the need to
perform additional diagnostic tests.

Success rate:
the technical ability to obtain the desired measurement, e.g., the proportion of fetuses
in whom a nuchal translucency measurement can be obtained.

Trisomy:
the presence of three, rather than two, homologous chromosomes.

GLOSSARY
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LIST OF ABBREVIATIONS

AFP:  Alpha-fetoprotein
B-hCG: B-subunit of human chorionic gonadotropin

Cl: Confidence interval

DS: Down syndrome

FISH:  Fluorescent in situ hybridization
FMF:  Fetal Medicine Foundation

FN: False negatives

FP: False positives

hCG:  Human chorionic gonadotropin

MACS: Magnetic-activated cell sorting

MoM:  Multiple of the median

NT: Nuchal translucency

PAPP-A: Pregnancy-associated plasma protein-A

PCR:  Polymerase chain reaction
ST Serum tests

TA: Transabdominal ultrasound
TP: Termination of pregnancy
Tv: Transvaginal ultrasound
uE3: Unconjugated estriol

Xvi

FIRST-TRIMESTER PRENATAL SCREENING FOR DOWN SYNDROME AND OTHER ANEUPLOIDIES



TABLE OF CONTENTS

FOREWORD ...ttt it ittt ittt iitetnttaeennsnneeanssnsannsnnnnnns \
ACKNOWLEDGMENTS ...ttt iiieeinenneensennesneensssneannenns Vi
SUMM ARY ..ttt ittt itetieeteensesnssensessssscessesncansennens Vil
GLOSSARY Lttt tii ittt ittt it eiieeteetietatettesttntestteneenteaneens XIv
LISTOF ABBREVIATIONS ...ttt ittt ittt it iiieineeineeneennenncennes XVi
INTRODUCTION ...ttt it iit it iteeeateeneeneeeneenesaneeneennseneennns 1
METHODOLOGY ..ottt ittt ittt iiietateanennsaaseansonssassansannsnns 2

DESCRIPTION OF THE DIFFERENT PRENATAL SCREENING AND DIAGNOSTIC TECHNIQUES ..3

3.1 Screeningtechniques ...........coiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaa, 3
3.1.1 Screening using maternal serummarkers ........oiiiiiiiiiiiiiiiiann 3
3.1.2 UNTasound SCTEENING et nniiiiittet i eeerennnnnnnnnnnnnnns 3
3.2 Diagnostictechniques ..ottt 4
321 AMNIOCENTESIS « vttt i i i i i it i it e 4
3.2.2 ChoTioNICDIOPSY « vttt teeeennnnnnnnnnnnnnnnns 5
3.3 Techniquesunderdevelopment .............cciiiiiiiiiiiiiiiiiiinnnnnnnn. 6
33.1 Fetalcellsinmaternalblood .......ovviiiiiiiiiiiiiiiiiiiiiiiiinnnnn, 6
332 Urinarymarkers .uueeeeiiiiiiiiiii i i ittt i e 6

TABLE OF CONTENTS

Xvii



Xviil

3.4 Otherrelated techniques ..........ccoiiiiiiiiiiiiiiiiii ittt iiiiineenn, 6

341 Datingultrasound ......oeiiiiiiiiiiiiiiiiiiiiiiiiiii e 6
3.5 Genetic counselling and information provided to couples .................... 6
4 FIRST-TRIMESTER SERUM MARKERS . ... ittt ittt eanns 8
5 FIRST-TRIMESTER ULTRASOUND ... .ttt iiiiiiiiiiite i iiiiinieenreenannns 12
5.1 Efficacy of nuchal translucency measurement ............... ...t 12
5.2 Nuchal translucency measurement: Success rate and repeatability ........... 17

5.3 Role of nuchal translucency measurement in screening
for other fetal pathologies ...ttt 19

6 THE COMBINED TEST: COMBINING FIRST-TRIMESTER SERUM

AND ULTRASOUND MARKERS ...\ttt iiiiiiiiiteeeeeennnnnnnns 22
7 THE INTEGRATED TEST (FIRST AND SECOND TRIMESTER OF PREGNANCY) ............... 26
8 URINARY METABOLITES ...ttt iiiiiiiiiiieteeeiiiinieneeeeannnns 29
9 FETAL CELLS IN MATERNALBLOOD ..ottt iiiiiiiiieeeeennnns 30
10 WOMEN'’S PERSPECTIVE ON PRENATALSCREENING ........ovviiiiiiiinniiiinnnnnnns 32
10.1 Preference for first-trimester or second-trimester screening.................. 32
10.2 Repercussions of false-positiveresults ..., 32
10.3 Repercussions of false-negativeresults ................cooiiiiiiiiiiit, 33
10.4 Attitudes toward prenatal screening and informed consent ................. 34

FIRST-TRIMESTER PRENATAL SCREENING FOR DOWN SYNDROME AND OTHER ANEUPLOIDIES



11 THE OPINION OF PROFESSIONALS AND THE POSITIONS

OF THE VARIOUS ASSOCIATIONS ...ttt tiiiiiiiieiiiiieernnetennneennnenennnns 37
11.1 The perspective of health-care professionals .......................ccoeet. 37
11.2 The position of professional associations and clinical guidelines.............. 37
11.3 The perspective of Down syndrome associations ...............covvieeeenn. 38
12 THE ETHICALISSUES ...ttt ittt iiiieiiineteennerennesennnesannnns 39
13 DISCUSSION OF THE BENEFITS AND LIMITATIONS OF FIRST-TRIMESTER SCREENING ...... 41
14 CONCLUSIONS AND RECOMMENDATIONS . ... eueeneenneeneenneennaeennaenns 46
APPENDICES ..ottt iiiietiiteennneeennseesnneeennseennneeannneens 48
Appendix A
Determining test performance.............ocoiii il il 48
Appendix B
Description of studies .........ccuuuiiiiiiiiiiiiiiiii i it ittt ittt 49
REFERENCES ...\ttt ittt itineeenneeeennesenneeconsesennesennnesnnns 66

TABLE OF CONTENTS

XIX



XX

LIST OF TABLES

Table 1
Detection rate, during the first trimester, obtained with serum markers
(B-hCG and PAPP-A), for a 5% false-positive rate . ......oovvevuiiinneiieiiinnnn.. 9

Table 2
Estimated first-trimester detection rate in a population that underwent
screening using the serum markers B-hCG and PAPP-A combined

with maternal age, for a 5% false-positive rate ........covveeeiiiiiiiiiiian i 10
Table 3

Down syndrome detection rate and false-positive rate for first-trimester nuchal

translucency measurement ......vouiuet et e 14
Table 4

Detection and false-positive rates with first-trimester (10-14 weeks) nuchal

translucency measurement combined with maternal age ...l 15
Table 5

Success rate of the nuchal translucency measurement .....................ooo..LL. 17
Table 6

Repeatability coefficient for nuchal translucency measurement ..................... 18
Table 7

Follow-up of fetuses with a normal karyotype but with increased nuchal

HONSIUCENCY .+« v ve ettt 20
Table 8

Prospective studies determining the detection and false-positive rates
of combined first-trimester serum and ultrasound markers
in Down syndrome screening «.....oveeiiitiiiiiiiiiiii e 23

Table 9
Retrospective studies determining the detection and false-positive rates
for combined first-trimester serum and ultrasound markers in aneuploidies

and Down syndrome SCreening . ....v.eeeeereeeeuiieeeeiiieeeeiineeeeniaaeeenns 24
Table 10
Summary of the first-trimester prenatal screening tests ........ovvveuiiiiiiiiniin.. 4

FIRST-TRIMESTER PRENATAL SCREENING FOR DOWN SYNDROME AND OTHER ANEUPLOIDIES



Table B.1
Description of studies that examined the efficacy of first-trimester

serum markers (B-hCG and PAPP-A) combined with maternal age ................. 49
Table B.2

Description of studies that examined the efficacy of first-trimester ultrasound ........ 52
Table B.3

Description of studies that examined the efficacy of first-trimester combined test

(serum markers, ultrasound and maternal age) «..... ... 59
Table B.4

Description of studies that evaluated women’s experience of prenatal screening ..... 62

LIST OF TABLES

XXI






1)

LY

INTRODUCTION

Down syndrome, or trisomy 21, is the most
common viable chromosome abnormality. lts clinical
presentation is variable, but the phenotype is charac-
teristic and is always accompanied by a certain
amount of mental retardation. lts incidence in the
population is 1 per 770 live births, or 1.3 Down
syndrome births per 1,000 live births. The incidence
gradually increases with maternal age up to the age
of 35 and much more quickly thereafter. In Québec,
as elsewhere in the world, pregnant women aged 35
and older are advised to undergo amniocentesis for
the purpose of diagnosing Down syndrome and other
chromosome abnormalities. In Québec, the program
has been in place since 1976. However, although
the risk of giving birth to a Down syndrome child is
higher after the age of 35, since there are fewer
births after this age, most affected children are born
to mothers under this age. Thus, fewer than 40% of
Down syndrome fetuses can be identified with this
diagnostic method. Furthermore, amniocentesis is an
invasive procedure with the potential for complica-
tions, the most serious of which is the iatrogenic loss
of an unaffected fetus.

To improve the diagnostic performance for
Down syndrome and to reduce the number of amnio-
centeses, a number of techniques have been devel-
oped. Some of them, such as second-trimester
maternal serum marker screening, are routinely used
in several countries and in other Canadian provinces.

In 1999, the Conseil d'évaluation des tech-
nologies de la santé (CETS), subsequently renamed
the Agence d'évaluation des technologies et des
modes d’intervention en santé (AETMIS), published
an assessment report on the issues relating to prena-
tal Down syndrome screening and diagnosis
[CETS, 1999]. In its assessment, CETS mainly exam-
ined second-frimester maternal serum markers, a

technique recognized both for its efficacy and feasi-
bility. The report found that prenatal diagnosis by
amniocentesis offered o women aged 35 and older
at the time of delivery was more expensive and less
effective than second-trimester prenatal screening
and diagnosis. The report raised and examined
various ethical issues which pregnant women and
couples, health-care professionals, society and the
public authorities need to address. In its conclusion,
CETS stated that second-trimester maternal serum
screening should be available to all pregnant women
in Québec, regardless of their age, but that their
participation should be voluntary and be based on
complete, high-quality information. Women aged 35
and older would maintain their right to immediate
access fo amniocentesis without prior screening and
be free to avail themselves thereof.

However, since prenatal screening methods
are evolving at a very rapid pace, CETS emphasized,
in its recommendations, that the offer of prenatal
Down syndrome screening and diagnosis should be
flexible enough to adapt to new scientific and tech-
nological advances. In fact, based on recent literature
and current practices, first-trimester screening has
been widely adopted in several countries.

In Québec, first-trimester prenatal Down
syndrome screening is becoming more widespread,
this in the absence of uniform standards and quality
control mechanisms for this practice. This is why the
Agence d'évaluation des technologies et des modes
d’intervention en santé (AETMIS) decided to examine
the different methods of first-trimester prenatal
screening and diagnosis of Down syndrome and
other aneuploidies (abnormal numbers of chromo-
somes). This report is a review of the published scien-
tific studies on the subject.

INTRODUCTION
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METHODOLOGY

We reviewed the published scientific data
on four modalities of first-trimester prenatal screen-
ing for Down syndrome and other aneuploidies:
1) first-trimester maternal serum marker screening;
2) first-trimester ultrasound nuchal translucency mea-
surement; 3) combined first-trimester serum markers
and ultrasound; and 4) the integrated screening test
(first and second trimesters).

A search for the relevant literature was
performed in Medline, Current Contents and the
Cochrane Database using the following keywords:
prenatal screening or prenatal diagnosis and Down
syndrome or trisomy. We included papers published
up until December 2001, plus certain more recent
relevant articles. We only selected articles published
in English, French and Spanish. We also consult-
ed the database of the International Network
of Agencies for Health Technology Assessment
(INAHTA). Special attention was paid to the possible
duplication of data, since a certain number of publi-
cations present overlapping study results. In such
cases, we considered only the study published last. In
addition, we consulted articles and syntheses on first-
trimester prenotcu| screening. To comp|ete our review
of the relevant literature, we consulted the lists of
references in the selected articles and examined
information published on the Internet.

We only selected studies that indicated the
defection rates reported for aneuploidy and Down
syndrome screening. Of the studies of serum markers
used alone or in combination with ultrasound, we
chose those concerning two serum markers, namely,
the free B-subunit of chorionic gonadotropin (3-hCG)
and pregnancy-associated plasma protein-A (PAPP-A).
We classified the studies according to whether they
were retrospective or prospective and according to
the study population, i.e., a mixed or an unselected
population (low-risk and high-risk) or a population of

women at high risk for carrying a Down syndrome
child. To assess the efficacy of the different tech-
niques, we considered the two biases encountered
most frequently in studies, namely, verification bias
(which does not take vo|untc1ry pregnancy termina-
tions into account in cases of affected fetuses, which
would have aborted spontaneously in any event) and
the bias introduced by the fact that not all pregnan-
cies are followed up to the time of delivery.
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DESCRIPTION OF THE DIFFERENT PRENATAL SCREENING
AND DIAGNOSTIC TECHNIQUES

3.1 Screening techniques

Prenatal screening for Down syndrome and
other aneuploidies comprises the techniques pro-
posed fo all pregnant women for the purpose of identi-
fying those at increased risk for giving birth to an
affected child. A high risk does not indicate that the
fetus is affected but does point to the need to confirm
the diagnosis with further testing. The risk cut-off level
chosen will influence the detection rate and the false-
positive rate. For a given detection rate and a given
false-positive rate, the risk cut-off level varies accord-
ing to the trimester of pregnancy. The risk of carrying
a Down syndrome fetus is higher at the beginning of
a pregnancy than at term because of the spontaneous
loss of affected fetuses, which can occur at any time
during pregnancy. For example, for a 35-year-old
woman, the risk of having a Down syndrome fetus
during the second trimester is 1:290, but it is 1:380
at term [Cuckle and Wald, 1990].

Prenatal screening can be done:

a) by measuring the levels of maternal serum
markers in a maternal blood specimen, and

b) by ultrasound.

Other techniques are still in the experimental
stage, such as the urinary B-core assay, the B-core
being a breakdown product of hCG, specifically, the
B-hCG subunit.

3.1.1  Screening using maternal serum markers

In the second trimester, the combined use of
three biochemical markers (AFP, uE3 and hCG) found
in maternal blood is the basis of the serum test, which
is referred to as the “triple test” or “triple marker”.
To perform these assays, a blood sample must be
taken from the pregnant woman between the 15th
and 18th week of gestation. The triple test is used to
screen for pregnancies at risk for Down syndrome,

for trisomy 18 (Edwards’ syndrome), without addi-
tional tests, but with a different protocol, and for open
neural tube defects. This technique has an overall
detection rate of 65%, with 5% false positives when
the risk cut-off level is between 1:250 and 1:380
[Wald et al., 1997].

The triple test has been adopted in most of
the existing screening programs, with its variants,
i.e., the measurement of total intact hCG or of its two
subunits, o and B. Adding a fourth marker, inhibin-A,
yields a detection rate of 76 to 79%, with 5% false
positives [Wald et al., 1996a]. These tests offer the
advantages of safety and speed, but their use during
the second trimester of pregnancy delays the detec-
tion of chromosome abnormalities and the termi-
nation of pregnancy, if applicable. Furthermore,
assuming a false-positive rate of 5%, 5% of women
will have to undergo an amniocentesis, which carries
an inherent risk, namely, the potential loss of an unaf-
fected fetus.

First-trimester serum marker screening is
based on the measurement of two markers, PAPP-A
and the free B-subunit of chorionic gonadotropin
(B-hCG) in the mother’s serum. The blood samples
are withdrawn between the 8th and 13th week of
gestation, but the ideal time is the 11th week. It is this
specific screening modality that is examined in
this literature review. A detailed description of first-
trimester serum marker screening and its perfor-
mance is provided in Chapter 4.

3.1.2 Ultrasound screening

First-trimester ultrasound screening consists
in measuring nuchal translucency, the subcutaneous
space between the fetal cervical spine and the
overlying skin, between the 10th and 14th week
of gestation. When it is > 3 mm or above the 95th
percentile for the gestational age, it indicates a high
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risk of Down syndrome and other aneuploidies and
fetal malformations. This report specifically examines
this ultrasound screening modality. A detailed descrip-
tion of this method and its performance is provided in

Chapter 5.

A new ultrasound marker is presently being
investigated, the absence of nasal bone, or nasal
hypoplasia, as detected by ultrasound between the
11th and 14th week of pregnancy. Nasal hypoplasia
is more frequent in Down syndrome fetuses and irre-
spective of the nuchal translucency measurement.
Adding this marker to the others could improve the
detection rate and reduce the number of false posi-
tives during first-trimester ultrasound screening

[Cicero et al., 2001].

Ultrasound performed during the second
trimester, that is, after the 14th week of pregnancy,
can reportedly defect a certain number of ultrasound
markers, such as nuchal fold thickness (= 6 mm),
choroid plexus cysts in the brain, the shortening of
long bones (femur and humerus), and cardiac and
gastrointestinal abnormalities (duodenal atresia). The
performance of second-trimester ultrasound aneu-
ploidy screening, alone or combined with serum
markers, has not been demonstrated, and its wide-
spread use is problematic [Wald et al., 1997].

Smith-Bindman et al. also arrived at this
conclusion affer a meta-analysis of 56 studies of
second-trimester ultrasound and its ability to detect
Down syndrome. The studies involved 1,930 fetuses
with Down syndrome and 130,365 fetuses without
Down syndrome. Taken as a whole, second-trimester
ultrasound markers reportedly permit a detection rate
of 69% (95% Cl: 63 to 75%). However, in isolation,
each of these markers has a low performance, and
abnormalities are often detected late (i.e., between
the 17th and 20th week of pregnancy). A number of

studies show that combining ultrasound markers and
other structural abnormalities increases the accuracy
of ultrasound screening. However, the results are
mixed, and it is impossible to determine which markers
should be measured in order to obtain the best results
[Smith-Bindman et al., 2001]. The performance of
second-trimester ultrasound as a prenatal aneuploidy
screening method is poor. However, the ultrasound is
used systematically in Québec and Canada to exam-
ine overall fetal morphology and to detect various
malformations, especially of the neural tube, and
other polygenic malformations. In this regard, it leads
to a greater number of requests for amniocentesis.

3.2  Diagnostic techniques

Prenatal diagnosis of Down syndrome is based
on karyotyping fetal cells obtained by amniocentesis
or chorionic biopsy and is intended for pregnant
women at high risk due to their age at the time of
delivery or for those considered to be at high risk
as defermined by one of the screening modalities
described above.

3.2.1 Amniocentesis

Amniocentesis is performed to obtain des-
quamated fetal skin cells, which are used to diagnose
Down syndrome and other chromosome abnor-
malities. The fetal cells obtained are cultured and
handled in such a way as to obtain a karyotype,
that is, a complete chromosome map. Amniocentesis
performed between the 15th and 19th week of preg-
nancy has become a standard second-trimester
prenatal diagnostic procedure. The sensitivity and
specificity of amniocentesis for Down syndrome are
greater than 99%. The rare errors are due to sample
quality, either because maternal rather than fetal cells
are cultured or because the cells are contaminated
during the puncture [Gosden, 1992]. The maternal
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risks associated with this procedure include infection
(amnionitis) (1 case in 1,000), amniotic fluid leakage
and obstetrical bleeding. Minor complications are
more frequent (2 to 5%). They include slight amniotic
fluid leakage, uterine contractions and abdominal
pain [Elias and Simpson, 1993; Dick et al., 1996].
The risk of fetal loss after amniocentesis is approxi-
mately 0.5 to 1% [Tabor et al., 1986]. However, the
risk can be reduced if ultrasound is used during the
procedure and if it is performed by experienced
professionals [Jauniaux et al., 2000]. The other risks
for the fetus during amniocentesis are puncture

wound, infection, respiratory distress syndrome and
isoimmunization [Tabor et al., 1986; USPSTF, 1996].

The practice of first-trimester (between the
11th and 14th week of pregnancy) amniocentesis
began in 1980 as a possible alternative to chorionic
biopsy for the purpose of early prenatal diagnosis.
From a technical standpoint, the procedure is identi-
cal to that performed during the second trimester.
However, the small amount of amniotic fluid available
before the 13th week increases the risk of fetal injury.
A randomized, pan-Canadian, multicentre study
showed a significant increase in fetal losses (7.6% vs.
5.9%, difference, 1.7%; p = 0.012), in clubfoot (1.3%
vs. 0.1%; p = 0.0001), and in slight amniotic fluid
leakage before the 22th week of gestation (3.5% vs.
1.7%; p = 0.007) after first-trimester amniocentesis
compared to second-trimester amniocentesis [CEMAT,
1998]. Thus, early amniocentesis is not the least
iatrogenic procedure there is, if one wishes to avoid
fetal losses. In addition, a meta-analysis published
in the Cochrane Library and updated in 1998
concludes that while early amniocentesis (between
the 9th and 14th week of pregnancy) causes more
spontaneous abortions and more clubfoot than trans-
abdominal chorionic biopsy, the latter procedure also
poses more technical problems (sampling failure,

multiple punctures, need for a second specimen) and
a greater risk of false-positive and false-negative
results because of karyotype abnormalities specific
to placental and fetal cells, respectively [Alfirevic,

2002].

There is presently very little information on
the risk associated with amniocentesis performed
between the 13th and 15th week of pregnancy, when
a prenatal diagnosis should be made after first-
trimester screening [Goldberg and Norton, 2000]. It
should be noted that, when performing an amnio-
centesis at 16 weeks of pregnancy, and given that the
cytogenetic analysis takes an average of 14 days, the
pregnant woman will not receive the result until after

the 18th week.

3.2.2 Chorionic biopsy

Chorionic biopsy, which was developed in
the late 1960s, consists in removing small pieces of
placental chorionic tissue in order to obtain viable
cells, which are cultured for the purpose of a cytogenic
analysis. Chorionic biopsy permits first-trimester
prenatal diagnosis. It can be performed transabdom-
inally or transvaginally.

The risks to the mother are the same as those
posed by amniocentesis, namely, amniotic fluid leak-
age, hemorrhage, infection and intra-abdominal
lesions [Elias and Simpson, 1993; Dick et al., 1996].
However, a biopsy performed after the 10th week of
pregnancy poses very minor risks [Goldberg and
Norton, 2000; Wilson, 2000], but if it is performed
before the 10th week, it will carry, among other things,
a risk of limb defects. The incidence of limb defects is
5.7 per 10,000 cases, including minor nail defects,
or 5.2 per 10,000 cases, if they are excluded [Kuliev
et al., 1996]. The mean rate of spontaneous fetal
loss due to chorionic biopsy is 2.5%. Compared to
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second-trimester amniocentesis, chorionic biopsy is
associated with more technical and sampling pro-
blems, more false-positive and false-negative results,
and more spontaneous abortions (odds ratio: 1.33;
95% Cl: 1.17 to 1.52) [Alfirevic et al., 2002].

Chorionic biopsy is the procedure recom-
mended for first-trimester prenatal diagnosis, but
studies on this are inconclusive. In Québec, it is
performed on|y at two hospito|s. The |ecrning curve
for this technique is long, and performing a large
number of procedures is required in order to main-
tain competence. In addition, analyzing the chorion
is more labor-intensive than analyzing amniocytes,
and chorionic analysis cannot be performed system-
atically with the resources at Québec’s cytogenetic
laboratories (according to written information from
Dr. Jacques Michaud, Service de génétique médicale,
Hépital Sainte-Justine, Montréal, Québec).

3.3  Techniques under development

3.3.1 Fetal cells in maternal blood

Since the 1970s, researchers have attempted
to develop a technique for detecting fetal cells in
maternal blood, in order to perform genetic tests on
fetal DNA in those cells. A certain number of meth-
ods are currently available, and this technology
could, in the years to come, compete with amniocen-
tesis and chorionic biopsy and even replace them. lts
main advantage is that it yields fetal cells, mainly
nucleated erythrocytes, by a noninvasive technique
(obtaining maternal blood from a peripheral vein),
which does not require any special expertise on the
part of the technician and which thus avoids all
the risks for the mother and fetus. This technique is
described later in this report.

3.3.2 Urinary markers

The measurement of different metabolites in
maternal urine is still investigational. Study results
show wide variability, and the clinical value of these
markers still needs to be determined. A brief descrip-
tion is provided in Chapter 8.

3.4  Other related techniques

3.4.1 Dating ultrasound

Ultrasound is the most reliable method for
estimating gestational age, this by measuring the
biparietal diameter or crown-rump length [Wald et
al., 1992; Wald et al., 1993]. The conventional meth-
od of calculation based on the date of the last period
leads to an error of two weeks in 15% of cases
[Haddow et al., 1994]. The accuracy of the gesta-
tional age calculation is important in interpreting the
results of maternal serum screening. The accuracy of
the calculation of the week of pregnancy during
which the sample is obtained can reduce the number
of pregnancies considered to be at high risk—which
is why prenatal diagnosis is advised—by one half.
Dating ultrasound should therefore be combined with
serum marker assays.

3.5 Genetic counselling and information
provided to couples

Prenatal screening is used to assess the risk
of carrying an affected child and, if the risk is found
to be high, provides the option of prenatal diagnosis.
Prenatal diagnostic techniques pose certain risks to
the mother and fetus, and, in cases where a fetus is
diagnosed with Down syndrome or some other chro-
mosome abnormality, the only available preventive
measure is termination of pregnancy. A mother or
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couple who agree to participate in prenatal screening
should receive all the necessary information concern-
ing the existence of two different risks, the risk of
having a child with Down syndrome and the risk of
losing an unaffected fetus as a result of diagnostic
procedures. It should be checked that the parents
understand the limitations of screening and the dif-
ference between screening and diagnosis. First-line
information can be provided by health professionals
who are not specialized in genetics and who are not
necessarily physicians. More specialized information
provided by genetic specialists or genetic counsellors
should help parents interpret the results of the screen-
ing if it reveals a high risk and decide voluntarily
whether or not to participate in prenatal diagnosis.
Lastly, the genetic counsellor should support the
parents in their decision o continue or terminate the
pregnancy and inform them of the risks associated
with future pregnancies [CETS, 1999].

DESCRIPTION OF THE DIFFE
AN



A

4

FIRST-TRIMESTER SERUM MARKERS

A number of maternal serum markers have
been investigated in order to determine their potential
use, between the 10th and 14th week of pregnancy,
in cases of singleton pregnancies. Some of these
markers are also used in second-trimester prenatal
Down syndrome screening [Wald et al., 1997]. The
results of assays of these serum markers, which are
expressed in multiples of the median (MoM), not in
absolute values, are used to calculate a likelihood
ratio. The ratio is then multiplied by the prevalence of
Down syndrome for the mother’s age fo arrive af an
estimate of the individual risk, expressed as 1/N, for
each woman. The median is the value observed for
serum markers in unaffected pregnancies of the same
gestational age in the reference population.

Two markers seem to offer the most accuracy
during the first trimester—PAPP-A and the free B-
subunit of chorionic gonadotropin (B-hCG), both of
which are measured between the 8th and 13th week
of pregnancy, the ideal time being before the 12th
week [Wheeler and Sinosich, 1998]. Adding other
markers, such as inhibin-A, measured between 10
and 14 weeks' gestation, does not seem to improve
the performance of Down syndrome screening
[Spencer et al., 2001]. In this report, we have limited
ourselves to reviewing studies that included PAPP-A
and free B-subunit hCG measurements.

B-hCG values are almost twice as high
(1.8 MoM) and PAPP-A values 50% lower (0.4 MoM)
in Down syndrome fetuses compared to the values
observed in unaffected singleton pregnancies. The
efficacy of the PAPP-A measurement decreases after
the 14th week, its median value being 0.9 MoM
at that point and 1 MoM between the 17th and
19th week [Wald et al., 1996b]. The combination of
these markers and maternal age yields a detection
rate of 62%, with 5% false-positive results [Wald et
al., 1997]. Other markers and different combinations

have been investigated, but the results were even less
accurate [Spencer et al., 2000a]. Down syndrome
screening based on serum markers seems to have low
sensitivity in twin pregnancies, although this has been
investigated very litle [Senat et al., 2001].

We reviewed the published studies that had
examined the detection rate and false-positive rate
for first-trimester Down syndrome screening based on
PAPP-A and B-hCG measurements alone or in combina-
tion with maternal age. A description of these studies
is presented in Table B-1 in Appendix B. The main
results of the studies that combined the risk based on
serum markers and maternal age are presented in
Table 1. In Table 2, we indicate the anticipated detec-
tion rate calculated in different studies with serum
marker measurements, and the risk associated with
maternal age.

The detection rate observed by combining
B-hCG and PAPP-A measurements and maternal age
is between 56 and 67% (5% false-positive results). The
estimated detection rate for a given population, based
on a model using calculated efficacy data and the risk
according to maternal age, is between 49 and 79%.
These rates are relatively uniform, based on observa-
tions in various studies, and they compare with the
performance obtained with two markers measured
during the second frimester, although the efficacy is
lower compared to the second-trimester triple and
quadruple markers [Canick and Kellner, 1999].

Comparable results were obtained by Cuckle
and van Lith by combining, in a meta-analysis, the
results of 44 studies that had examined the perfor-
mance of prenatal screening with different markers
between the 9th and 11th week. The detection rate
obtained with PAPP-A (18 studies) and B-hCG
(17 studies) combined was 64.6%, with 5% false
positives [Cuckle and van Lith, 1999].
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However, a certain number of affected preg-
nancies end spontaneously between the first and
second frimester. It is estimated that 43% of Down
syndrome pregnancies end spontaneously in abor-
tion or stillbirth between the chorionic biopsy (first
trimester) and term. The figure is 23% between the
amniocentesis (second trimester) and term [Morris et
al., 1999]. Given these spontaneous fetal losses, the
detection rate has to be at least 8.3% higher in order

Table 1

for the efficacy of first-trimester screening to be supe-
rior to that of second-trimester screening [Dunstan
and Nix, 1998]. Berry et al. compared the propor-
tion of pregnancies considered to be at high risk
upon first-trimester screening with those at high risk
identified during the second trimester. They compared
the first-trimester measurements of free B-hCG and
PAPP-A and the second-trimester measurements of
AFP and hCG for 45 Down syndrome pregnancies.

Detection rate, during the first trimester, obtained with serum markers (B-hCG and PAPP-A),

for a 5% false-positive rate

Study Population | Study Number Gestational DS cases Detection Cut-off
design of age detected/ rate

fetuses (weeks) number of cases %
BhCG and PAPP-A
Casals et al., 19961 At-risk R 1,138 10-13 8/19 42 -
Krantz et al., 1996 - R 505 10-13 15/22 68 1:255
Maternal age, BhCG and PAPP-A
Wald et al., 1996b* At-risk R 460 8-14 48/77 62 1:275
Forest et al., 1997* Mixed P 10,160 9-13 10/18 56 1:250
Berry et al., 1997 Mixed P 10,600 <15 27/45 60 1:270
Wheeler et al., 1998* | At-risk R 713 9-12 11/17 67 -
Haddow et al., 1998* | At-risk P 3,217 9-13 29/48 60 1:385
All studies 25,150 125/205 61

(1) A detection rate of 82% (5% false positives) was obtained by combining AFP and PAPP-A.

*Multicentre study.
Design: Retrospective (R) or prospective (P).
DS: Down syndrome.

Mixed population: High- and low-risk pregnancies combined. Some studies involved an unselected population.

At-risk population: A population of pregnant women participating in prenatal diagnosis by amniocentesis or chorionic biopsy

because of their high risk.
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Table 2

Estimated first-trimester detection rate in a population that underwent screening
using the serum markers 3-hCG and PAPP-A combined with maternal age, for a 5%

false-positive rate

Study Study Number Gestational age Estimated detection rate

design of fetuses (weeks) % and (95% Cl)
Brambati et al., 1994 R 102 8-12 78.9 (64.9-92.8)
Krantz et al., 1996 R 505 10-13 63
Berry et al., 1997 P 10,600 <15 49 (34-62)

55 (41-70)

Wheeler et al., 1998* R 713 9-12 68.8
Tsukerman et al., 1999 R 1,595 9-13 69

Design: Retrospective (R) or prospective (P); CI: Confidence interval.
(1) B-hCG (MoM): PAPP-A (MoM) ratio combined with maternal age.

*Multicentre study.

Upon combining the risk obtained with that associ-
ated with maternal age, they detected, during the first
trimester, 27 of the 45 cases (60%). Second-trimester
screening detected 39 of the 45 cases, or 12 addi-
tional cases (87%) [Berry et al., 1997]. To our knowl-
edge, there have been no other published controlled
studies of the different first- and second-trimester
prenatal maternal serum marker screening techniques.

Most of the published studies of first-trimester
maternal serum screening were retrospective and
involved high-risk women. Although the efficacy of first-
trimester prenatal screening is relatively well estab-
lished, its effectiveness has not been investigated.
Certain factors make it difficult to calculate the detec-
tion rate and to assess its impact on the decrease in
the prevalence of Down syndrome. First, it is possible
that the detection rate is overestimated, since, when
calculating it, spontaneous losses of Down syndrome

fetuses are not always included in the denominator.
This applies to second-trimester screening as well.
Second, since most pregnancies diagnosed with an
aneuploidy were terminated voluntarily, the relation-
ship between first-trimester screening and sponta-
neous pregnancy terminations cannot be evaluated.
If spontaneous abortions occur mainly during preg-
nancies considered to be at high risk, screening will
have litfle impact on the birth prevalence of Down
syndrome. Furthermore, if this assumption is correct,
many pregnant women will be confronted with the
choice of voluntarily terminating their pregnancy,
even though it could terminate spontaneously. The
repercussions of this have not been assessed. The same
overestimation bias is present when the outcome of
the pregnancy is not known in all cases and when
certain cases of aneuploidy may not be included in
the denominator for test performance calculations.
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Estimating the risk with second-trimester
maternal serum markers requires certain adjustments
for maternal weight and smoking, parity, fetal sex,
the presence of type 1 diabetes, if applicable, and the
mother’s ethnic origin. The effect of these factors on
the calculation of second-trimester marker MoM is
well documented, which is not the case for the first-
trimester markers. However, in practice, the said
adjustments are not always made. Spencer et al. ex-
amined the influence of ethnic origin in a population
of 5,422 Caucasian women, 752 Afro-Caribbean
women and 170 Asian women following first-
trimester marker screening. The serum marker levels
were significantly different between the groups, but
the impact of the correction on the detection rate was
relatively modest, namely, a 1.4% increase [Spencer
et al., 2000b]. Maternal weight and smoking also
have a significant influence on first-trimester marker
levels, while gravidity, parity and fetal sex seem to
have litle influence [de Graaf et al., 2000]. A recent
exploratory study revealed a significant correlation,
during subsequent pregnancies, between the results
of first-trimester biochemical marker screening. In a
woman who is screen-positive for Down syndrome
during her first pregnancy, the probability of having
the same result during subsequent pregnancies is
1.5 to 2 times higher. This correlation had previously
been observed during second-trimester screening.
However, the same exploratory study showed that
there is no such correlation between different preg-
nancies in a given woman with regard to nuchal
translucency [Spencer, 2001].

First-trimester biochemical marker measure-
ment can also detect 63% of cases of trisomy 18
[Orlandi et al., 1997], but it does not detect open neural
tube defects. The serum hCG, B-hCG and PAPP-A
concentrations were 0.31, 0.22 and 0.30 MoM, res-
pectively, in pregnancies with trisomy 18 fetuses
[Haddow et al., 1998]. The spontaneous abortion

rate is 83% between the first trimester and term for
trisomy 18 or 13 (Patau’s syndrome) fetuses [Whitlow
et al., 1999].

In summary, first trimester markers combined
with maternal age can reportedly detect between
56 and 67% (61% on average) of Down syndrome
cases, with 5% false positives. This performance
seems comparable to that of second-trimester markers,
even if a number of studies involved high-risk preg-
nant women and did not take the spontaneous loss of
Down syndrome fetuses between the first and second
frimester info account. The only study that has compared
first-trimester and second-trimester maternal serum
screening showed the latter to be superior. These
results would need to be confirmed by larger studies.
While they may be of equal performance, first-
trimester screening permits an earlier diagnosis,
but it has the disadvantage of providing an unneces-
sary diagnosis in a higher percentage of women
whose pregnancies would ferminate spontaneously
before term.

FIRST-TRIMESTER SERUM MARKERS
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2/

FIRST-TRIMESTER ULTRASOUND

First-trimester ultrasound is a reliable method
for estimating gestational age and permits the early
detection and better management of multiple preg-
nancies. It also contributes to a better assessment of
intrauterine growth problems. Prenatal ultrasound
screening at the end of the first trimester consists in
measuring nuchal translucency, that is, the subcuta-
neous space between the fetal cervical spine and
the overlying skin. The reason for increased nuchal
translucency in trisomic fetuses is still a subject of
debate. It is apparently due to a certain amount of
edema that forms at the back of the fetus’ neck and
which is promoted by its tendency to lie on its back
and by the laxity of the skin on the neck. The edema
is associated with a number of pathologies, including
cardiac malformations and chromosome abnormal-
ities [Berger, 1999]. In addition to the presence of
edema, according to some hypotheses, increased
nuchal translucency is caused by a metabolic abnor-
mality with hypersecretion of mucopolysaccharides.
Increased nuchal translucency is also associated with
cystic hygroma, which is due to overdistention of
jugular lymphatic sacs resulting from failed commu-
nication with the internal jugular vein, and it is often

indicative of other congenital abnormalities [Stewart

and Malone, 1999].
5.1 Efficacy of nuchal translucency
measurement

Nuchal translucency is measured between
the 10th and 14th week of gestation. When > 3 mm
or above the 95th or 99th percentile for the gesta-
tional age, it indicates a high risk of Down syndrome
and of other aneuploidies and fetal malformations
[Devine and Malone, 1999]. The definition of nuchal
translucency is not uniform in the literature, which
makes a synthesis of study results difficult. Depending
on the study, the risk cut-off level used is between

2.5 and 4 mm. The use of a set cut-off level is not
appropriate for normal pregnancies because of the
physiological increase in nuchal translucency between
the 9th and 14th week of pregnancy. Using a sliding
cut-off level that varies qccording to the week of preg-
nancy improves screening performance and reduces
the number of false-positive results [Faraut et al.,

1999; Nicolaides et al., 1996; Pajkrt et al., 1995].

In twin pregnancies, nuchal translucency can
be measured in each fetus. In dichorionic pregnan-
cies, the risk is calculated for each fetus separately.
For monochorionic pregnancies, there are presently
no data for defermining which of the two measure-

ments should be used to assess the risk [Senat et al.,
2001].

Nuchal translucency measurement requires a
standardized technique that guarantees its repeat-
ability. The measurement should be made when the
fetus is in a sagittal position with the back of the neck
in a neutral position, that is, when the angle between
the sagittal spine and the occiput is equal to zero
[Whitlow et al., 1998; Senat et al., 2001]. In a smalll
number of cases, the examination cannot be per-
formed or requires more time because of the fetal
position not permitting a proper nuchal translucency
measurement. In such cases, an examination at a
later time is necessary. The equipment used must be
of good quality and have a video-loop function and
calipers capable of providing measurements to one
decimal point, which means that each caliper move-
ment must not exceed 0.1 mm [Mahieu-Caputo et al.,
2002; Nicolaides et al., 2002]. The success rate and
repeatability of nuchal translucency measurements
are examined later in this report (Section 5.2).

A number of studies have examined the
performance of nuchal translucency measurement in
first-trimester aneuploidy screening. Some of them
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give the detection rate and the false-positive rate but
do not take the risk associated with maternal age into
account (Table 3), while others combine the risk asso-
ciated with maternal age and that associated with
nuchal translucency thickness (Table 4). Those studies
that present results for both of the described methods
for calculating the risk, i.e., nuchal translucency alone
or combined with maternal age, are presented in
Table 4 only.

On average, the defection rate with nuchal
translucency measurement was 66% in the studies
involving a mixed or unselected population and 69%
in those involving only high-risk women, i.e., those
for whom an amniocentesis or a chorionic biopsy
had been recommended because of a high risk.
When the risk associated with nuchal translucency
and that associated with maternal age are combined,
the mean detection rate is 80%. However, it should be
noted that the risk cut-off level and the false-positive
rate differed from study to study.

In a recent review, Stewart and Malone
revisit the problem of overestimating the detection
rate when the calculation does not take spontaneous
losses between the first trimester and term into
account. For example, if the first-trimester prevalence
of Down syndrome is calculated with data from a
study by Snijders et al., the detection rate would be
60% instead of 82% (8.3% false positives) [Haddow,
1998; Snijders et al., 1998]. This observation is all
the more relevant because Snijders et al. examined
nuchal translucency in 96,127 fetuses in an unse-
lected population at 22 centres in the United
Kingdom. The 306 sonographers who took part in
the study used uniform standards for their ultrasound
evaluations and risk calculations [Stewart and
Malone, 1999].

This would also explain why population stud-
ies aimed at verifying the repercussions of prenatal
Down syndrome screening have shown that, despite
a high detection rate and an equally high pregnancy
defermination rate, the prevalence of live births with
Down syndrome only decreases slightly, probably
because of the screening and diagnosis of an
increasing number of cases that would end sponta-
neously between the time of diagnosis and term
[Mutton et al., 1998; De Vigan et al., 1999]. In fact,
the data presented by Mutton et al. show that, in
England and Wales, the number of Down syndrome
cases diagnosed prenatally increased from 321 in
1989 to 696 in 1997 (a 54% increase), but that the
number of cases diagnosed after birth (including live
births, stillbirths and neonatal deaths) decreased
from 760 in 1989 to 640 in 1997 (a 16% decrease)
[Mutton et al., 1998]. According to the Registre des
anomalies congénitales de Paris data, 76.3% of the
670 Down syndrome cases were diagnosed prena-
tally between 1992 and 1997. The prevalence of
Down syndrome births decreased from 9.0 to 7.7 per
10,000 births during that period [De Vigan et al.,
1999].

Verifying pregnancy outcomes is another
factor that influences the detection rate. Only a few
studies provide these data in all cases [Kornman et
al., 1996; Nicolaides et al., 1994; Taipale et al.,
1997; Schwarzler et al., 1999]. In the others, the
proportion varies from 83 to 98%, or the figure is not
given. Most of the studies were of retrospective
design and only reported the follow-up of fetuses with
a nuchal translucency measurement above the
chosen cut-off. The definition of this cut-off and the
week of pregnancy during which the measurement
was made varied from study to study.

FIRST-TRIMESTER ULTRASOUND
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Table 3

Down syndrome detection rate and false-positive rate for first-trimester nuchal translucency

measurement
Study Ultrasound Number of Week of NT Detection rate FP
fetuses gestation (mm or Cases detected/number
percentile) of cases (%)
Approach Aneu- DS %
ploidies

MIXED OR UNSELECTED POPULATION
Bewley et al., 1995 - 1,127 8-13 >3 2/5 (40) 1/3 (33) 6
Hafner et al., 1995 TA 1,972 10-13 >25 8/11 (73) 2/4 (50) 1.2
Szabo et al., 1995 v 3,380 9-12 >3 43/46 (94) | 27/30 (90) 1.6
Kornman et al., 1996 TA 923 <13 >3 2/10 (20) 2/7 (29) 4
Taipale et al., 1997 v 10,010 10-15.9 >3 18/26 (69) 7/13 (54) 1
Thilaganathan et al., 1997 - 3,604 10-14 - 14/18 (78) 5/7 (71) 5
Hafner et al., 1998 - 4,233 10-13 >25 11/17 (65) 3/7 (43) 1.7
Pajkrt et al., 1998b TA 1,473 10-14 =3 8/15 (53) 6/9 (67) 2.2
Whitlow et al., 1999* TA+TV 6,443 11-14+ > 9%h | 31/40 (78) 15/23 (65) 1
All studies 33,165 68/103 (66)
HIGH-RISK POPULATION
Savoldelli et al., 1993 TA 1,400 9-12 >4 19/43 (44) 15/28 (54) 0.4
Nicolaides et al., 1994 TA 1,273 10-13+¢ >3 33/46 (72) | 21/25 (84) 4.5
Brambati et al., 1995 TA+TV 1,819 8-15 >3 13/43 (30) - 4
Comas et al., 1995 v 453 9-13 >3 9/18 (50) 4/7 (57) 9.3
Pajkrt et al., 1998a** TA 2,247 10-14 >3 30/63 (48) 25/36 (69) 4
Acacio et al., 2001 TA/TV 230 10-14 >25 | 16/23(70) | 9/12(75) 12.5
All studies 7,422 74/108 (69)

NT: Nuchal translucency; DS: Down syndrome; FP: False positives; —: Not specified; TA: Transabdominal ultrasound;

TV: Tronsvcginc:| ultrasound; TA + TV: Transabdominal ultrasound and, if visualization was unsatisfoctory, transvogino| ultrasound;

TA/TV: Transabdominal or transvaginal ultrasound.

* 1,632 fetuses previously included in the study by Economides et al., 1998.

** Adjusting the measurement for variations due to gestational age does not improve performance.
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Table 4
Detection and false-positive rates with first-trimester (10-14 weeks) nuchal translucency
measurement combined with maternal age

Study Ultrasound Number of Cut-off Detection rate FP
fetuses Cases detected /number of cases (%)
Approach Aneuploidies DS %
MIXED OR UNSELECTED POPULATION
Pandya et al., 1995b* TA+TV 20,381 1:100 129/164 (79) 69/86 (80) 4.9
Snijders et al., 1998* TA+TV 96,127 1:3008 521/651 (80) 268/326 (82)1 8.3
Theodoropoulos et al., 1998* TA+TV 3,550 1:100 19/22 (86) 9/11 (82) 2.6
1:300 21/22 (95) 10/11 (91) 4.9
Pajkrt et al., 1998b TA 1,473 1:100 9/15 (60) 7/9 (78) 7.6
1:300 13/15 (87) 9/9 (100) 19
Schwarzler et al., 1999 TA+TV 4,523 1:270 18/23 (78) 10/12 (83) 4.7
Thilaganathan et al., 1999 TA 11,398 1:200 40/49 (81) 16/21 (76) 4.7
Zoppi et al., 2000** TA+TV 5,210 1:100 54/73 (74) 33/47 (70) 4.2
1:300 65/73 (89) 38/47 (81) 11.1
Brizot et al., 2001 TA+TV 2,996 1:100 18/22 (82) 9/10 (90) 3.1
1:300 18/22 (82) 9/10 (90) 7.4
Gasiorek-Wiens et al., 2001* TA-TV 21,959 1:100 378/484 (78) 167/210 (80) 6
1:300 423/484 (87) 184/210 (88) 13
Michailidis et al., 2001 TA+TV 7,447 - - 19/23 (83) 5
Zoppi et al., 2001 TA+TV 10,001 1:100 81/110 (74) 49/64 (77) 3
1:300 97/110 (88) 58/64 (90) 9
All studies 185,065 656/819 (80)1

DS: Down syndrome; FP: False positives; —: Not specified; TA: Transabdominal ultrasound; TV: Transvaginal ultrasound.

* Multicentre study.

** The time the measurement was made in this study was between 10 weeks 3 days and 13 weeks 6 days.

(1) The rate is 77% if the false-positive rate is set at 5%.

§ If the cut-off is NT > 95th percentile, the detection rate is 71% for aneuploidies and 72% for DS, with 4.4% false-positive results.

9 This mean rate was calculated on the basis of a risk cut-off level of 1:100 in those studies in which more than one risk cut-off
level is indicated.
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The considerable differences in the detection
and false-positive rates between the studies could
mainly be explained by the diversity of the study
populations, the lack of a uniform ultrasound tech-
nique, and differences in sonographer training, the
quality control mechanisms, the ultrasound tech-
niques used, the definition of the risk cut-off level, and
the quality of the pregnancy outcome follow-up
[Stewart and Malone, 1999]. In light of the observed
differences between the studies, and stressing the
potential for first-trimester nuchal translucency mea-
surement as an early marker of Down syndrome,
the authors question the applicability of first-trimester
ultrasound screening performed outside tertiary-level
medical centres.

The differences in the results obtained at the
various centres are also evident in the study by
Haddow et al., in which nuchal translucency was
measured in 3,991 fetuses at high risk for Down
syndrome at 16 prenatal diagnostic centres in the
United States. The reported success rate is 83%, with
a range of 61 to 100%, depending on the centre. The
mean defection rate for the 16 centres, based on the
nuchal translucency measurement above the 95th
percentile for the week of gestation chosen by each
centre, was 31%, with 5% false positives, but it was
between O and 100% between the different centres
[Haddow et al., 1998]. Standardizing the measure-
ment and the quality control could permit better
measurement repeatability and accuracy. In this
regard, the Fetal Medicine Foundation instituted a
quality control system which includes education that
takes the sonographer’s previous experience into
account and a validation period of 50 examinations,
with corrections and comments on each image. Next,
a quarterly statistical analysis of the distribution of
each sonographer’s nuchal translucency measure-
ments is performed to detect any deviations. If need

be, an examination of randomly selected images
enables the sonographer to correct his or her tech-
nique [Senat et al., 2001]. It should be noted that
in most of the recent studies [Brizot et al., 2001;
Gasiorek-Wiens et al., 2001; Zoppi et al., 2001],
the sonographers held a Fetal Medicine Foundation
certificate of competence. The detection rate in those
studies was excellent, ranging from 77 to 90%, with
3 to 6% false-positive results. These experiences show
that special training for sonographers and quality
control play a key role in optimizing screening with
this technique.

In addition to the limitations mentioned above,
studies show differences in terms of the ultrasound
technique used, be it transabdominal or transvaginal,
and the time allotted to the examination, which varied
or which was not reported. In the case of unselected
populations, the performance of nuchal translucency
measurement was superior when the transabdominal
approach was used in combination with the trans-
vaginal approach.

In summary, the aim of first-trimester (10th
to 14th week) ultrasound is to measure nuchal trans-
lucency. Nuchal translucency > 3 mm (between 2.5
and 4 mm, depending on the study) or above the
95th or 99th percentile for the gestational age indi-
cates a high risk of Down syndrome or of other aneu-
ploidies. The mean detection rate was 69% in studies
involving high-risk populations and 66% in studies
involving mixed or unselected populations. It was
80% if the nuchal translucency measurement was
combined with maternal age in order to assess the
risk in mixed or unselected populations. As is the case
with serum markers, this rate could be lower if the
prevalence of Down syndrome at term instead of its
first-trimester prevalence were taken into account.
The differences observed between the studies and
between centres reflect problems when using nuchal
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translucency measurement outside of fertiary centres
or an experimental context or in the absence of specific
training on this technique.

5.2 Nuchal translucency measurement:
Success rate and repeatability

A large number of studies of the perfor-
mance of nuchal translucency measurement report
the success rate of this technique and the repeatab-
ility of this measurement. A neutral fetal position is an

absolutely necessary condition for the accuracy of
this measurement, and the time allotted to the exam-
ination, the sonographer’s competence and the quality
of the equipment can have an impact on the success
rate and the measurement’s repeatability.

Tables 5 and 6 indicate the success rate and
the repeatability coefficient obtained in different stud-
ies, together with the ultrasound techniques used and
the amount of time allotted to the examination.

Table 5
Success rate of the nuchal translucency measurement
Study Time allotted to examination Week of gestation Ultrasound Success rate (%)
Hafner et al., 1995 - 10-13 TA 100
Braithwaite et al., 1995 20 minutes 12-13 TA 92
v 90
TA+TV 100
Pandya et al., 1995b - 10-14 TA+TV 100
Kornman et al., 1996 3 additional minutes <10-14 TA 58
Pajkrt et al., 1998a No limit 10-14 TA 98
Pajkrt et al., 1998b No limit 10-14 TA 96
Whitlow et al., 1998 30 minutes 10-14 TA 82
Most: 10 minutes - TA+TV 97
Theodoropoulos et al., 1998 - 10-14 TA+TV 100
Kurjak et al., 1999 15-20 minutes 10-14 2-DTV 85
3-5 minutes 3-DTV 100
Thilaganathan et al., 1999 - 10-14 TA 90
Chung et al., 2000 Average of 5 minutes 10-14+6 3-DTV 100
Gasiorek-Wiens et al., 2001 - 10-14 TA+TV 100
Zoppi et al., 2001 - 10-14 TA+TV 100

TA: Transabdominal ultrasound; TV: Transvaginal ultrasound; —: Not specified.
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Table 6

Repeatability coefficient for nuchal translucency measurement

Study Time allotted Week of pregnancy Ultrasound Repeatabibility
to examination coefficient
Pandya et al., 1995a - 10-14 TA 0.54 mm (intraoperator)
0.62 mm (interoperator)
0.58 mm (intercaliper)
Braithwaite et al., 1995 20 minutes 12-13 TA 0.40 mm
20 minutes v 0.22 mm
Taipale et al., 1997 - 10-15.9 v 0-0.25 mm (intraoperator)
0-0.3 mm (interoperator)
Whitlow et al., 1998 20 minutes 11+2-14% TA 0.48 mm (neutral)
0.70 mm (flexed)
1.04 mm (extended)
Schwarzler et al., 1999 - 10-14 TA+TV 0.35 mm (infraoperator)
0.38 mm (interoperator)

TA : Transabdominal ultrasound; TV: Transvaginal ultrasound; —: Not specified.

Excluding the study by Kornman et al., the
success rate varied from 82 to 100%. Adekunle et al.
indicate that for 846 (15%) of the 5,821 pregnancies
included in their study, nuchal translucency was not
measured, either because it was not possible to do so
or because the examination was declined [Adekunle
etal., 1999].

In some studies, the amount of time allotted to
measuring nuchal translucency was limited, while in
others, the sonographers could take the time needed
to obtain a measurement. In the study by Kornman
et al., for example, three additional minutes was
allotted for measuring nuchal translucency, which
was the shortest measuring time in all the studies
identified that used transabdominal ultrasound. It is
interesting fo note that the success and detection rates
in their study, 58% and 29%, respectively [Kornman
et al., 1996], are the lowest rates reported.

Chung et al. calculated the success rate and
the intraoperator variations by measuring nuchal
translucency with a three-dimensional vaginal
technique in 86 fetuses between 10 weeks and
14+ weeks of pregnancy. A satisfactory measure-
ment was obtained in all cases. Intraoperator varia-
tion was determined with two measurements in all
fetuses. The mean difference between the two mea-
surements was 0.002 mm + 0.124 mm (p = 0.862)
[Chung et al., 2000].

Some studies have calculated an intraop-
erator, interoperator or intercaliper repeatability coeffi-
cient for nuchal translucency measurement (Table 6).
A repeatability coefficient of 0.40 mm means that, if
a TA ultrasound nuchal translucency measurement is
2.2 mm, the actual value can vary from 1.8 mm to
2.6 mm. These differences have major repercussions
on the risk calculation. For example, for a 29-year-old
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woman, a nuchal translucency of 2.2 mm corresponds
to a risk of 1:1,853, but a nuchal translucency of
2.6 mm corresponds to a risk of 1:122 [Braithwaite
et al., 1995].

Roberts et al. observed poor nuchal translu-
cency measurement repeatability. In their study, 9
of the 48 cases examined (18.8%) were reallocated
to a different risk group after a second measurement
made by a different sonographer. Thirty measure-
ments showed a difference of 1 mm and four a differ-
ence of 2 mm. After a second measurement made by
the same sonographer, 15 of the 86 cases examined
(17.5%) were reallocated, and 27 measurements
showed a difference of 1 mm. After the second assess-
ment of a freeze-frame, 16 of the 129 cases (12.4%)
were reallocated and 31 measurements showed a
difference of T mm [Roberts et al., 1995].

In summary, nuchal translucency was meo-
sured satisfactorily in 82 to 100% of cases. The success
rate was 58% in one study in which only 3 additional
minutes was allotted for this measurement. The success
rate was higher in those studies where transvaginal
ulirasound was performed after an unsatisfactory
nuchal translucency measurement obtained transab-
dominally. It was 100% when a three-dimensional
transvaginal technique was used. The repeatability
coefficient varied from 0.22 mm to 1.04 mm in the
studies, and these differences had major repercus-
sions on the risk calculation. Most studies of the
performance of nuchal translucency measurement do
not report the measurement repeat rate.

5.3  Role of nuchal translucency measurement
in screening for other fetal pathologies

In most cases, increased first-trimester nuchal
translucency (= 3.5 to 4 mm) is associated with
fetal problems, regardless of the karyotyping
results [Cha’Ban et al., 1996; Bilardo et al., 1998;

Brady et al., 1998; Adekunle et al., 1999; Senat et
al., 2002]. The results of the studies that have exam-
ined this are summarized in Table 7. The prevalence
of fetal abnormallities in the population is relatively low,
and although it seems to increase when the nuchal
translucency measurement increases, no definite
conclusions can yet be drawn [Souka et al., 1998].

In addition, increased nuchal translucency
may also be associated with a higher risk of sponta-
neous abortion (2.9% vs. 1.7%) [Bewley et al., 1995].
Pajkrt et al. examined the relationship between
nuchal translucency measurements and pregnancy
outcomes in 2,088 karyotypically normal fetuses with
no structural malformations. The results show that the
likelihood ratio for spontaneous abortions increases
as nuchal translucency increases. For nuchal translu-
cency measurements under 3 mm, the ratio is 1.2.
Between 3.0 and 3.9 mm, it is 3.1, and when the
measurement is 4 mm or more, the ratio is 6.8. Most
of the spontaneous abortions occurred in the group of
fetuses with a nuchal translucency of 3 mm or more.
To explain these findings, the authors postulate that
increased nuchal translucency would potentially iden-
tify chromosomally normal fetuses, but also indicate a
higher probability of dying in utero because of heart
defects. The spontaneous abortion of these fetuses
is due to cardiac anomalies, not to the diagnos-
tic procedure (amniocentesis or chorionic biopsy).
Furthermore, increased nuchal translucency may be
indicative of hemodynamic instability due to tempo-
rary cardiac decompensation. In such cases, the fetus

cannot withstand the strain of diagnostic procedures
[Pajkrt et al., 1999].

Hyett et al. examined the utility of measuring
nuchal translucency between the 10th and 14th week
of gestation in screening for cardiac defects. Nuchal
translucency was measured by transabdominal ultra-
sound, followed by transvaginal ultrasound if the

FIRST-TRIMESTER ULTRASOUND

19



20

measurement could not be made transabdominally.
The outcomes of the 31,162 singleton pregnancies
were determined from a computerized database.
Three hundred and twenty-three pregnancies in
which a chromosome abnormality had been
detected, 317 cases of spontaneous abortion and
1,368 pregnancies for which there were no outcome

data were excluded from the sensitivity and specificity
calculations. It was found that 56% of the major
cardiac defects were associated with a nuchal
translucency measurement above the 95th percentile
[Hyett et al., 1999]. It should be noted that the cost of
screening could increase substantially if all fetuses
with a normal karyotype but with increased nuchal

Table 7
Follow-up of fetuses with a normal karyotype but with increased nuchal translucency
Study Duration of Number of fetuses with a nuchal translucency > 3.5 mm
follow-up
Number Karyotype Normal karyotype
of months
Abnormal | Normal
Cha'Ban et dl., 1996 4-32 26/54 28/54 | Live births, normal physical and mental development: 19/28 (68%)
(48%) (52%) Malformations detected prenatally: 7/28 (25%)
Fetal losses: 2/28 (7%)
Bilardo et al., 1998 - 25/74 49/74 Live births with no abnormalities: 32/49 (65%)
(34%) (66%) | Various abnormalities: 11/49 (22%)
Abortions, stillbirths and neonatal deaths: 6/49 (12%)
Brady et al., 1998 6-42 - 90 Major abnormalities: 9/90 (10%)
Minor abnormalities: 14/90 (16%)
Lost to follow-up: 1/90 (1%)
Adekunle et dl., 12-38 15/53 38/53 | Live births with no abnormalities: 16/38 (42%)
1999 (28%) (72%) Live births, malformations detected prenatally: 7/38 (18%)
Fetal losses: 7/38 (18%)
Lost to follow-up: 8/38 (21%)
Senat et al., 2002 12-72 71/160 | 89/160 | Live births with no abnormalities: 48/89 (54%)
(44%) (56%) Live births with defects detected prenatally: 6/89 (7%)
Defects diagnosed at birth: 4/89 (4%)
Delayed neurological development: 4/89 (4%)
Minor orthopedic problems: 2/89 (2%)
Fetal losses: 17/89 (19%)
Lost to follow-up: 8/89 (9%)
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translucency were subsequently subjected to more
specialized examinations, such as fetal echocardi-
ography. To date, only one study has been published
on the diagnostic utility of transvaginal echocardiogra-
phy in fetuses with a nuchal translucency measure-
ment above the 95th percentile. In that study, the
investigators obtained a sensitivity of 88% and a
specificity of 97% for diagnosing cardiac malforma-
tions [Haak et al., 2002].

In summary, increased nuchal translucency
in a karyotypically normal fetus could point to the
presence of other fetal malformations or pathologies,
especially cardiac malformations. In addition, the risk
of spontaneous abortion in karyotypically normal
fetuses increases proportionately with the increase in
nuchal translucency.
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THE COMBINED TEST: COMBINING FIRST-TRIMESTER SERUM
AND ULTRASOUND MARKERS

Combining first-trimester serum and ultra-
sound markers may appreciably increase the per-
formance of early screening for Down syndrome and
other aneuploidies [Stewart and Malone, 1999]. We
reviewed the prospective and retrospective studies
that had examined the detection and false-positive
rates of combined screening, i.e., serum marker assays
and nuchal translucency measurement during the first
trimester. These studies are summarized in Table B-3
(Appendix B).

The results obtained in the prospective and
retrospective studies are presented in Tables 8 and 9,
respectively.

The studies involved different populations in
terms of the risk of Down syndrome and other aneu-
ploidies. Only one study provides a detailed account
of the pregnancy outcomes [Benattar et al., 1999]
and two others the adjustment of the detection rate for
spontaneous fetal losses between the first trimester
and term [Biagiotti et al., 1998; Krantz et al., 2000].
They report the detection rate with nuchal translu-
cency measurement and PAPP-A and B-hCG assays,
and with maternal age [Orlandi et al., 1997;
Di Biasio et al., 1999; De Graaf et al., 1999] or the
detection rate estimated in a given population based
on measurements and the birth distribution by mater-
nal age [Orlandi et al., 1997; Wald and Hackshaw,
1997; Biagiotti et al., 1998; Benattar et al., 1999;
Spencer et al., 1999; Krantz et al., 2000]. Two
prospective studies combined nuchal translucency,
the free B-hCG level and maternal age [Noble et al.,
1996; Scott et al., 1996]. In their study, Noble et al.
excluded the cases of spontaneous abortion (n = 10)
and fermination of pregnancy following a diagnosis
of fetal malformation (n = 14). The nuchal translu-
cency measurement data are from a study publi-
shed by Brizot et al. in 1995 [Noble et al., 1994].

The study published by Scott et al., in 1996, makes
no mention of the exclusions or cases lost to follow-
up. Despite these methodological differences, the
detection rate varied between 85 and 100%, for a
false-positive rate of 3.3 to 14% in the prospective
studies and between 76 and 89% (false-positive
rate: 5%) in the retrospective studies.

Krantz et al. used a dried-blood-on filter-
paper technique to defermine serum marker levels.
All the cases of trisomy 18 were detected (13/13).
The authors give the detection rate adjusted for spon-
taneous fetal losses. In addition, they downplayed the
overestimation bias introduced by the fact that they
were unable fo ascertain all the live-born cases of
Down syndrome, since the number of cases identified
at birth was the expected number [Krantz et dl.,
2000]. The use of filter paper is of particular interest
in organizing a screening program, since fransport-
ing fresh specimens can affect the serum marker
levels and increase the false-positive rate [Massé et
al., 2000]. However, the use of specimens of dried
blood on filter paper increases the inaccuracy of the
marker assay results and therefore decreases, theo-
refically, screening performance. For now, the use of
this technique is limited to mass screenings where a
high level of inaccuracy can be tolerated, such as
neonatal screening for phenylketonuria. Screening
accuracy should always be verified by means of a
comparison with conventional techniques [O’Broin et

al., 1995; Adam et al., 2000].

In their retrospective study, which was
published in 1998, Biagiotti et al. estimated the detec-
tion rate to be 75.8%. They also calculated that, if all
the affected fetuses destined to miscarry (44%) could
be identified by first-trimester screening, the expected
detection rate would be 57% [Biagiotti et al., 1998].
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Tableau 8

Prospective studies determining the detection and false-positive rates of combined
first-trimester serum and ultrasound markers in Down syndrome screening

Study Cut-off Number of Week of Test Detection rate FP
fetuses gestation Cases detected/ (%)
number of cases (%)
MIXED OR UNSELECTED POPULATION
Benattar et al., 1999 1:250 1,656 12-14 TA ultrasound 5/5 (100)* 97
AFP, free B-hCG
Maternal age
De Biasio et al., 1999** 1:350 1,467 10-13+¢ TA ultrasound 11/13 (85) 3.3
PAPP-A, free B-hCG
Maternal age
Krantz et al., 2000 1:270 5,809 10+4-13+¢ Ultrasound" (91) 5
PAPP-A, free B-hCG (70) 14
Maternal age
HIGH-RISK POPULATION
Noble et al., 1996 - 2,561 10-13 TA ultrasound (85) 5
Free B-hCG
Maternal age
Scott et al., 1996 1:250 302 10-13 TA ultrasound (87.5) 14
Free B-hCG
Maternal age
Orlandi et al., 1997 1:380 7441 9-13+4 TA ultrasound (87) 5

PAPP-A, free B-hCG

Maternal age

FP: False positives; TA: Transabdominal ultrasound; TV: Transvaginal ultrasound.

* Aneuploidies: Detection rate: 100% (7/7).

** A diagnostic procedure was recommended to 704 women (48%) because of their advanced age.

1 As per the Fetal Medicine Foundation protocol and performed by an FMF-trained sonographer.

t 2,010 pregnant women participated in the study, but only 744 underwent an ulirasound examination.

Wald and Hackshaw combined data from  syndrome fetuses and 385 unaffected fetuses [Wald
the following three studies: 1) nuchal translucency mea- et al., 1996b]; and 3) nuchal translucency measure-
surement in 86 Down syndrome fetuses [Pandya etal.,  ment in 561 non-Down syndrome fetuses [Schuchter
1995b]; 2) PAPP-A and B-hCG assays in 77 Down et al., 1997]. They obtained a detection rate of 80%
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(5% false positives) upon combining maternal age,
nuchal translucency and serum markers and after
adjusting the detection rate in each study for sponta-
neous fetal losses between the first trimester and term
[Wald and Hackshaw, 1997]. However, the authors
indicate that the association between the markers and
spontaneous fefal loss still needs to be clarified.

The study by Spencer et al. provides the
results obtained at a multidisciplinary prenatal
screening clinic where all the procedures were
performed and the risk estimated during a one-hour
visit (one-stop clinic) between the beginning of June
1998 and the end of May 1999. Apart from the
results provided in Table 9, it is interesting to note that

Table 9

97.6% (4,088/4,190) of the women accepted first-
trimester screening. In addition, 6.1% (257/4,088)
of the women presented to the clinic too late for first-
trimester screening and underwent second-trimester
screening. As well, 91 women had been referred by
other hospitals after the 14th week of pregnancy.
Inall, 348 women (8%) underwent second-trimester
screening [Spencer et al., 2000c].

Zimmermann et al. calculated the detection
rate for chromosome abnormalities in 1,151 preg-
nancies, including 23 cases of aneuploidy, 4 of which
were Down syndrome cases. The detection rate with
PAPP-A and nuchal translucency was 39% (FP = 2%)
[Zimmermann et al., 1996].

Retrospective studies determining the detection and false-positive rates for combined
first-trimester serum and ultrasound markers in aneuploidies and Down syndrome screening

Study Number Week of Test Detection rate FP
of fetuses gestation (%) (%)
Wald and Hackshaw, - 10-14 TA ultrasound 80 5
1997 Free B-hCG, PAPP-A
Maternal age
Biagiotti et al., 1998 232 10-13 TA ultrasound 75.8 5
Free B-hCG, PAPP-A
Maternal age
De Graaf et al., 1999 292 9-15 TA ultrasound 82 5
Free B-hCG, PAPP-A
Spencer et al., 1999 1,156 10-14 Ultrasound 89 5
Free B-hCG, PAPP-A 70 1
Maternal age
Spencer et al., 2000c 4,190 10+3-13+6 Ultrasound 86 (DS) 6.7
Free B-hCG, PAPP-A 100 (T18/13)
Maternal age

DS: Down syndrome; T18/13: Trisomies 18 and 13; TA: Transabdominal ultrasound.
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Rozenberg et al. very recently published the
results of a prospective, multicentre French study of
the combination of nuchal translucency measurement
between the 12th and 14th week of pregnancy and
maternal serum markers between the 14th and
17th week. Close to 9,500 women took part in the
study. Of them, 5,506 underwent both screening
modalities. The results of this study show that combin-
ing both modalities yields a detection rate of 80%,
with 5% false positives [Rozenberg et al., 2002].
Another prospective, multicentre study, the FASTER
Trial (First and Second Trimester Evaluation of Risk
for aneuploidy), is currently under way in the United
States. Some 62,000 women participating in the
study will undergo first- and second-trimester prena-
tal screening for the purpose of comparing the two
modalities in terms of efficacy. The first-trimester
screening (10-14 weeks) is based on nuchal translu-
cency combined with maternal age and serum PAPP-A
and B-hCG levels. The second-trimester screening is
performed after 15 to 18 weeks’ gestation using the
quadruple marker (AFP, uE3, hCG and inhibin-A)2.
Patients were still being recruited for the FASTER Trial
in 2002. The Serum, Urine and Ultrasound Screening
Study (SURUSS) is currently underway in Europe. lts
goal is to evaluate the efficacy, safety and efficiency
of first- and second-trimester serum, urinary and
ultrasound markers as well as their potential combi-
nation [Stewart and Malone, 1999]. Until the results
of these studies become available, the combination of
first-trimester serum and ultrasound markers should
be considered experimental [Alton et al., 2001;
Stewart and Malone, 1999].

In summary, the published literature on
combined first-trimester serum and ultrasound mark-
ers reports detection rates of 76 to 100%. However,
at such rates, this combined method does not result in
a lower false-positive rate. At a defection rate of 70%,
one can reportedly obtain a 1% false-positive rate.
However, the detection rate could be lower if the
outcome of the pregnancy were known in all cases
and if spontaneous abortions were included in the
calculation. Two prospective, multicentre studies are
currently under way in the United States and in
Europe to compare, among other things, the perfor-
mance of first-trimester screening with that of second-
trimester screening.

2. Data on the FASTER project are available at: http://www.firstirimester.org/ (Page consulted on February 28, 2002).
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THE INTEGRATED TEST
(FIRST AND SECOND TRIMESTER OF PREGNANCY)

Because of the uncertainty as to the screening
modality fo be preferred and as to when it is best to
use it during pregnancy, and because of the high
false-positive rate, Wald et al. proposed a method
integrating first- and second-trimester screening
results. The method consists in combining the risk
determined by first-trimester screening (serum and
ultrasound markers) and that determined during the
second trimester (serum markers) [Wald et al., 1999].
According to Cuckle, there are several ways to inte-
grate different screening methods. One consists in
making all the measurements, without disclosing the
results until all the tests have been performed and
the risk calculated. Another option is the sequential
approach, in which the result of each test is disclosed
as it becomes available and where the next test is
performed only if the present one indicates a high
risk. The sequential method used during the first and
second frimesters is less efficient, but it does avoid the
problem of waiting and permits immediate reassur-
ance of the patient or enables her to decide whether
to terminate the pregnancy earlier [Cuckle, 2001].
A number of centres are using a variant of the
sequential method. It consists of second-trimester
screening for all women who have not had first-
trimester prenatal diagnosis because they were
considered to be in a low-risk group after screening,
not deliberately, but rather as a result of the fact that
the ultrasound and serum tests were performed by
different institutions in an uncoordinated fashion.
Consequently, the women obtain two independent
results, but the second-trimester risk calculation is
incorrect, since the low risk calculated during the
first trimester is not taken info account. Since this
approach overestimates the risk as defermined during
the second trimester and therefore considerably
increases the number of false positives [Hackshaw
and Wald, 2000b], it should be banned. Adding

a second or third test in the case of women with

a borderline calculated risk reduces the false-positive

rate, although it does not improve the detection rate
very much [Cuckle, 2001].

Hackshaw and Wald examined the potential
advantages of reporting partial results during
combined and integrated tests. When the combined
or integrated test is being considered, it should be
asked whether the risk calculated from the nuchal
translucency measurement and maternal age only is
high enough to remain unchanged, regardless of the
serum marker levels. The advantage of this approach
is the possibility of giving a pregnant woman a result
immediately affer a nuchal translucency measure-
ment and thus sparing her the unpleasantness of one
or two blood samples. Similarly, at centres which
offer the integrated test, there are questions as to
whether a partial result based solely on first-trimester
screening can indicate a high enough risk that would
remain high, regardless of the second-trimester
screening results [Hackshaw and Wald, 2001a].

They used published data on 480 affected
pregnancies and 96,839 unaffected pregnancies.
The integrated test proved to be more accurate, with
0.8% false-positive results, for a detection rate of 85%
compared to 18.2% false positives for nuchal trans-
lucency measurement alone and 4.9% for the
combined test (first trimester only). In the case of inte-
grated screening, only 0.69 in 1,000 screened women
would show a risk greater than 1 in 2 based on
nuchal translucency, maternal age and the PAPP-A
level (first trimester), and they would remain screen-
positive after second-trimester screening with the
quadruple marker (AFP, uE3, total hCG and inhibin-A).
Partial reporting of the estimated risk is not benefi-
cial. Furthermore, since it is difficult to report results
only in high-risk cases, most women will have to
consider two risks during their pregnancies, which
causes confusion and dissatisfaction. Similarly, the
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use of a second test when the first test is negative
would lead to an incorrect risk estimate, unless the
calculation is corrected for fetuses identified during
the previous test [Hackshaw and Wald, 2001al].

The detection rate estimated by Wald et al.
is 85%, but with a false-positive rate of 0.9%, which
decreases considerably the number of amniocentesis
and the accompanying risk of iatrogenic fetal loss.
This was a “theoretical” study, in which the perfor-
mance of the different markers was combined in mathe-
matical models in order to “estimate” the performance
that could be obtained theoretically. The performance
of the integrated test is based on the assumption that
there is no correlation between the first- and second-
trimester markers [Wald et al., 1999]. De Biasio et al.
examined the correlation between the first- and
second-trimester serum markers but did not find any
significant results, except for a positive correlation
between first-trimester free B-hCG and second-
trimester hCG [De Biasio et al., 2000].

Herman et al. examined the overlapping and
degree of correlation between first-trimester nuchal
translucency and second-trimester triple test results in
508 singleton pregnancies considered to be at low
risk for aneuploidies, but they did not find a signifi-
cant correlation. The two fests are complementary,
and further studies are needed to find the most effec-
tive method of combining them in order to minimize
the false-positive rate [Herman et al., 2000].

Michailidis et al. evaluated the efficacy of
prenatal Down syndrome screening by first-trimester
ultrasound followed by the second-trimester measure-
ment of serum markers in a retrospective study involv-
ing 7,447 unselected pregnant women, 4,864 of
whom underwent second-trimester marker screening.
The second-trimester serum marker screening identi-
fied half of the Down syndrome fetuses that had not

been detected during the first trimester, but the preva-
lence of affected fetuses was very low during the

second trimester because of the previous screening
[Michailidis et al., 2001].

A demonstration project of the efficacy of the
integrated test (first and second trimesters) is currently
under way in two Ontario hospitals. The results of the
initial evaluation indicate a false-positive rate of 2%
for Down syndrome and 2% for open neural tube
defects. Pregnant women who give birth at these two
hospitals are invited to participate in integrated-test
screening instead of the second-trimester serum
marker screening offered in Ontario. The integrated
test includes a serum PAPP-A measurement and a
nuchal translucency measurement during the first
trimester (between the 10th and 14th week) and the
triple test (AFP, estriol and hCG) during the second
trimester (between the 15th and 18th week). The
pregnant woman is informed of the screening results
only after the triple test [Summers et al., 2000;
Prenatal Screening Programs in Ontario, 2001]. The
FASTER Trial and the SURUSS study will also provide
data on the efficacy of integrating the first- and
second-tfrimester tests and will shed light on the
advantages of a sequential approach, if any.

In summary, the integrated fest (first and
second trimester of pregnancy), i.e. the first-trimester
measurement of serum markers and nuchal translu-
cency and the second-trimester measurement of
serum markers, identifies 85% of Down syndrome
cases, with fewer than 1% false-positive results. Since
it includes an AFP measurement, the integrated test
can also be used to screen for open neural tube
defects. Apart from the technical performance, it
should be stressed that integrated screening extends
over five weeks, which is a long, anxiety-producing
period of time for pregnant women. Disclosing results
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gradually avoids the problem of having to wait a
long time for them and immediately reassures the
woman or enables her to decide whether to terminate
the pregnancy earlier, but this method is less effective.
For one thing, inferpreting each component inde-
pendently can cause a substantial increase in the
false-positive rate. Second, if women whose risk was
calculated during the first frimester undergo second-
trimester screening, the second-trimester risk calcu-
lation must take the first-trimester screening results
into account. If the first test had a high detection rate,
the number of fetuses that remain to be identified
by subsequent tests will be low, making such tests
inefficient.

28
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The concentration of chorionic gonadotropin
and its subunits and metabolites also increases in
maternal urine in pregnancies with Down syndrome
fetuses. The B-core fragment of this hormone and
urinary estriol have been investigated as second-
trimester urinary markers alone or in combination
with serum or ultrasound markers [Bahado-Singh et
al., 1998; Bahado-Singh et al., 1999a; Bahado-
Singh et al., 1999b; Bahado-Singh et al., 1999c;
Cole et al., 1999a; Cuckle et al., 1999; Hsu et al.,
1999]. These techniques might have a sensitivity
comparable to that of the second-trimester serum
markers, but they are still in the experimental stage.

Cole et al. examined screening based on the
measurement of urine hyperglycosylated hCG and
total urine hCG between the 11th and 22nd week of
pregnancy. They obtained a Down syndrome detec-
tion rate of 79%, with 5% false positives. The authors
emphasize the value of a high-performance test that
can be used during the first two trimesters of preg-
nancy and the advantages of obtaining a urine spec-
imen over serum tests. On the other hand, this test
cannot be used to measure AFP during the first or
second trimester [Cole et al., 1999b]. A follow-up
study, the SURUSS trial (Serum, Urine and Ultrasound
Screening Study), is currently under way in Europe.
The first-trimester screening results are blinded and
are not used in clinical practice [Stewart and Malone,
1999]. The results will allow, among other things, to
determine the efficacy of urinary markers. This prom-
ising technique is still investigational, since study
results show wide variability and since its clinical
value has yet to be determined [Canick et al., 1999].

8
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FETAL CELLS IN MATERNAL BLOOD

The uncertainty of prenatal screening and the
risks inherent in the diagnostic techniques have led to
the development of more reliable and less invasive
screening and diagnostic methods. One of them
consists in searching for fetal cells in maternal blood.
The information provided in this section is not based
on an exhaustive review of the published literature.
Rather, we report here the results of the latest studies
on this subject.

There are some prerequisites for using fetal
cells circulating in maternal blood for prenatal diag-
nostic purposes. First, there must be enough of them
in order for one to obtain unambiguous test results.
Second, the fetal cells must come from the current
pregnancy, since the presence of cells from previous
pregnancies can alter the results. Lastly, the fetal
cells must be present in the blood of all pregnant
women or of a sufﬁcienﬂy |c1rge percentage of pregnant
women to justify the use of this test [Wachtel et al.,

2001].

Several types of fetal cells (trophoblasts,
lymphocytes, granulocytes and erythroblasts) are
present in maternal blood during pregnancy, but their
small numbers and fragility make their recovery and
identification difficult [Bianchi, 1999]. Their presence
in maternal blood is higher in cases of aneuploid
fetuses and in cases of future preeclampsia. Because
of the placental origin of trophoblasts, they have a
1% incidence of mosaics and are therefore not very
useful in prenatal diagnosis [Bianchi, 1999]. The
most promising blood cells seem to be nucleated
erythrocytes (erythroblasts). They have a relatively
short lifespan (90 days), and their concentration in
maternal blood is very low [Bianchi, 1999], but there
are six times as many of them in pregnancies with
Down syndrome fetuses [Parano et al., 2001].
The ratio of fetal nucleated erythrocytes to nucle-
ated maternal blood cells is 1:1x107 to 1:1x108.

Fetal nucleated erythrocytes appear in maternal
blood around the 10th week of gestation, thus permit-
ting first-trimester prenatal diagnosis [Bianchi, 1999].

A recently published study showed that it is
possible to repeatedly identify an extremely small
number of fetal cells among millions of maternal
cells. The researchers were able to identify between
2 and 6 fetal cells per millilitre of peripheral mater-
nal blood between the 18th and 22nd week of preg-
nancy in 12 pregnant women aged 23 to 33 carrying
a karyotypically normal male fetus. The fetal cells
identified by a FISH technique were probably nucle-
ated erythrocytes, trophoblasts and lymphocytes.
Once identified, these cells can be subjected to cyto-
genetic molecular analysis and thus make it possible
to diagnose aneuploidies [Krabchi et al., 2001].

Al-Mufti et al. published the results of a study
that examined the role of FISH performed on mater-
nal blood enriched for fetal cells by triple-density
centrifugation and MACS (magnetic activated cell
sorting) in the prenatal screening and diagnosis of
fetal aneuploidies. The study involved 230 women in
their 10th to 14th week of pregnancy with a singleton
fetus who had been advised to undergo prenatal
diagnosis because of advanced maternal age or a
high risk detected by nuchal translucency measure-
ment. Cells containing positive fetal hemoglobin were
found in 222 women (97%), and in 142 of them, the
fetal karyotype was normal. Karyotyping confirmed
Down syndrome in 36 cases, trisomy 18 in 24 cases
and trisomy 13 in 10 cases. With a cut-off of three-
signal nuclei in 5% of the fetal cells, the use of FISH
on maternal blood enriched for fetal cells could
potentially identify 60% of Down syndrome fetuses,
with a 0% false-positive rate. A cut-off of 3% could
yield 97% sensitivity, with a 13% false-positive rate.
When used as a screening technique combined with
maternal age and nuchal translucency measurement,
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this method could potentially detect 80% of cases,
with a 1% false-positive rate [Al-Mufti et al., 1999].

Another approach is based on the detection
of circulating extracellular fetal DNA in maternal
blood by PCR (polymerase chain reaction). In 2000,
Zhong et al. published the results of a study confirm-
ing the results of previous studies, namely, that the
quantity of fetal DNA in maternal plasma is signifi-
cantly higher in pregnancies in which the fetus has an
aneuploidy, particularly Down syndrome. It was a
retrospective study involving the analysis of plasma
samples from 58 women with a mean gestational age
of 14*4 weeks, 29 of whom had been carrying an
aneuploid male fetus, the other 29 a euploid male
fetus. The level of circulating DNA in the pregnancies
with Down syndrome fetuses (15 cases) was twice
that in the pregnancies with euploid fetuses. The DNA
level was also increased in the cases of trisomy 13
(3 cases) and other chromosome abnormalities
(4 cases), but not in the cases of trisomy 18 (6 cases).
However, the number of cases was too small to
confirm these findings [Zhong et al., 2000]. Com-
pared to analyzing fetal cells in maternal blood,
which requires procedures for enriching maternal
blood for these cells, plasma DNA analysis has the
advantage of being quick, robust and easy to
perform on a large number of samples. Presently, the
main limitation is the non-availability of unique fetal
gene sequences, other than those associated with the
Y chromosome, that could be used to identify the
presence of fetal DNA from both male and female
fetuses [Pertl and Bianchi, 2001].

These techniques are still investigational, but
they could be used not only for the prenatal diagno-
sis of diseases in the fetus, but also for detecting
certain diseases in the mother during pregnancy,
such as preeclampsia, or affer pregnancy, such as
autoimmune diseases [Bianchi, 2000].
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IV

WOMEN’S PERSPECTIVE ON PRENATAL SCREENING

In this chapter, we only present the results of
a few studies concerning women’s perspective on
prenatal screening. It is therefore not an exhaustive
review of published studies.
10.1  Preference for first-trimester or second-
trimester screening

Kornman et al. studied women's opinions of
the advantages of first-trimester screening over
second-trimester screening by means of a survey
conducted among 181 pregnant women who were
being followed at a prenatal care clinic and who had
the option of participating in second-trimester mater-
nal serum screening and among 96 pregnant women
referred to a prenatal diagnosis clinic because of their
age or history. The women who agreed to second-
trimester screening (69%) would have preferred first-
trimester screening had they had the choice.
However, those who declined second-trimester
screening (31%) would have declined first-trimester
screening as well, their objections in this regard
being the same for both time frames. The advantages
ascribed to first-trimester screening were a shorter
period of uncertainty, the option of terminating the
pregnancy before fetal movements can be perceived
and before the pregnancy is evident, and the lower
risk of complications associated with early termina-
tion of pregnancy. A third of the women who had
been advised to undergo prenatal diagnosis would
have preferred first-trimester screening had they been
given the choice, for the same reasons as those
mentioned above [Kornman et al., 1997].

The same advantages of first-trimester screen-
ing were revealed by a Dutch survey of 99 pregnant
women aged 36 and older. Of these women who
participated in serum screening at 16 weeks' gesta-
tion, 82% would have preferred first-trimester screen-

ing [Weinans et al., 2000].

Mulvey and Wallace interviewed 100 women
who had expressed willingness to participate in
prenatal Down syndrome screening during their first
prenatal visit, in order to determine their preferences
and opinions regarding first- and second-trimester
screening. The interview was based on a structured
questionnaire with two sections, one for evaluating
the women'’s knowledge of Down syndrome and the
available screening and diagnostic techniques, the
other for exploring their aftitudes and preferences
regarding first- and second-trimester screening. As-
suming the same detection rate for first- and second-
trimester screening, most of the women (74/100)
preferred first-trimester nuchal translucency measure-
ment fo second-trimester markers. As reasons, they
cited the earliness of the screening, the possibility of
seeing the baby and detecting other abnormalities,
the fear of blood tests, and the perception that ultra-
sonography is easier. The women who preferred
second-trimester markers (26/100) cited instead the
risks associated with ultrasound and the test's accu-
racy and ease of performance. Sixty-nine of the
women would choose nuchal translucency measure-
ment even if all affected fetuses diagnosed during the
first trimester would abort spontaneously before the
second trimester. Their reasons were the possibility of
knowing the cause of the miscarriage and the desire
to know whether or not the fetus had Down syndrome,
regardless of the outcome of the pregnancy [Mulvey

and Wallace, 2000].

10.2  Repercussions of false-positive results

One of the main drawbacks of prenatal
screening, be it first-trimester or second-trimester, is
the high number of false-positive results. Some of the
consequences of false-positive results are the anxiety
that they can cause in women, which can persist
even after a negative prenatal diagnosis, the use of
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diagnostic procedures that can cause an unaffected
fetus to abort, and the impact of multiple testing on
health-care costs.

Rausch et al. examined the repercussions of
false-positive results on the participation of women in
prenatal screening during subsequent pregnancies.
The study involved an experimental group consisting
of 108 women who were screen-false positive for
Down syndrome or open neural tube defects during a
previous pregnancy and a control group consisting of
108 women who were screen-negative, with the two
groups matched for maternal age at the time of the
second pregnancy. The authors concluded that the
women in the screen false-positive group participated
significantly less during their next pregnancy (57% vs.
79%,x2=11.27;p =0.001). The degree of risk does
not seem to be a factor in the decision not to partici-
pate, but the authors postulate that the anxiety caused
by a false-positive result has an influence on the level
of participation [Rausch et al., 2000]. It is therefore
important to improve screening techniques in order to
reduce the false-positive rate as much as possible.

In addition, during first-trimester screening,
one can use diagnostic techniques, such as amnio-
centesis or chorionic biopsy, earlier during the preg-
nancy. However, these techniques carry a greater
risk than second-trimester amniocentesis, hence the
importance of reducing the number of false-positive
results.

10.3  Repercussions of false-negative results

Few studies have looked at the psychological
consequences that a fc1|se-negotive prenatal screen-
ing result can have on the parents of Down syndrome
children. Hall et al. examined this matter in 179 families
(179 mothers and 122 fathers) of Down syndrome
children with the following breakdown: 86 mothers

and 55 fathers had received a false-negative prena-
tal screening result; 59 mothers and 44 fathers had
not been offered screening; and 34 mothers and
23 fathers had declined to participate. It was found
that the parents who had received a false-negative
result had more difficulty adjusting to having an
affected child. The mothers experienced greater
parenting stress (p = 0.016) and had more negative
attitudes toward their child (p = 0.009) than those
who had declined screening. Both the mothers and
fathers blamed others, namely, health professionals
or the health-care system in general, for the birth of
an affected child after a false-negative screen. The
comparison showed significant differences both for
the group that had not been offered the test and the
group that had declined it. Despite its limitations
(sample not representative because of a high nonpar-
fticipation rate, the large number of exclusions due to
discrepancies between the information obtained from
the respondents and that in their medical files, and
the exclusion of parents of children under the age of
2 years), the study shows that a false-negative result
on prenatal screening can have an adverse effect on
parental adjustment, measurable two to six years

after the birth of an affected child [Hall et al., 2000].

In a recent systematic review, Petticrew et al.
examined the impact of false-negative results in
different screening programs and their implications.
According to the authors, false-negative results occur
in all screening programs, especially when the test is
a qualitative one subject to interobserver variability.
Furthermore, they note that few studies have exam-
ined the psychological effects of false-negative
results. Studies also call attention to the legal (lawsuits
arising from a missed or late diagnosis, especially in
the United States) and economic (high cost of treating
undetected diseases or more severe cases because of
a late diagnosis) consequences. There seems to be a
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consensus regarding the consequences of false-
negative results on public confidence in screening
programs, although these consequences have not
been clearly demonstrated. In an attempt to resolve
the problems posed by false-negative results,
Petticrew et al. recommend that emphasis be placed
on providing patients with information on both the
benefits of screening and its limitations and conse-
quences. Research should be conducted to determine
the most effective means of informing participants, to
assess the long-term psychological consequences of
false-negative results, and to explore the public’s
perceptions and attitudes [Petticrew et al., 2000].

10.4 Attitudes toward prenatal screening
and informed consent

Gekas et al. report the results of a survey
conducted in France in 1997 among 504 women
who had been advised to undergo amniocentesis
following a second-trimester triple-marker screen-
positive result. Serum screening has been in opera-
tion in France since 1989. The questionnaire, which
consisted of 24 multiple-choice questions, explored
the women'’s knowledge of the fest’s accuracy and
interpretation, their knowledge of amniocentesis and
their propensity to agree to a termination of preg-
nancy if the fetus had Down syndrome. Two hundred
women answered the questionnaire. Prenatal mater-
nal serum screening was recommended by a health
professional in 42.5% of the cases, imposed as
mandatory in 41.5% of the cases and performed
without the woman’s consent in 16% of the cases. The
test results were communicated to the women by tele-
phone (54.5%), by letter (19%) or during a follow-up
visit (26.5%). Most of the women understood the
purpose of the test, i.e., screening for Down
syndrome, but 18.5% of them thought the test could
provide information about all fetal malformations.

Most of the women (67.5%) were not aware of the
possibility of a false-negative result. In addition, 60%
of the women were not aware of the possibility of
undergoing amniocentesis before a test shows a high
risk. The very day of the amniocentesis, 38.5% of the
women were not aware of the risk of miscarriage
associated with the procedure. Furthermore, 71% of
the women considered the information they received
about Down syndrome to be inadequate [Gekas et
al., 1999]. Although these results cannot be general-
ized, they indicate that women who participate in
prenatal screening and diagnosis are not well
informed.

Another survey conducted in France among
a general population of women who had partici-
pated in second-trimester serum marker screening
yielded the following results: 90.5% of the 1,473 re-
spondents indicated that there had been an interview
before the test was ordered; 61.2% of the women
were satisfied with the clarity and quantity of the
explanations provided, 57.6% felt that the informa-
tion helped them decide to undergo or decline
screening; and 54.1% of them were satisfied with
the explanations they were given of the fest result.
Amniocentesis was offered to 125 women; and 79.2%
of them indicated they were willing to undergo the
procedure. These women’s opinions of the explana-
tions of the fest result were similar to those of the
women who declined amniocentesis or who had not
yet reached a decision about it. These findings point
to the need to improve and individualize the infor-
mation provided by health professionals, bearing in
mind that decision making on the part of women
requires the rapid integration of complex informa-
tion. The survey shows that women are often dissatis-
fied with the information that accompanies the
offer of testing and especially with the information pro-
vided when the result is communicated. Furthermore,
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this information can be inadequate to help them make
an informed decision and prepare them for the
consequences of the screening, once they have made
their decision. However, the authors were unable to
establish a direct relationship between satisfaction
with the information and decision assistance.
Information can be considered a decision-making
aid, even if the explanations are not understood.
Decision assistance does not have the same meaning,
depending on whether or not the fest is presented as
a routine procedure. Lastly, “best possible” decision-
making by a woman requires the convergence of the
health professionals’ preferences regarding the infor-
mation to be provided, of the woman’s expectations
in this regard, and of her preferences in terms of
her involvement in the decision-making process. In
conclusion, considering, from an operational stand-
point, the use of information aids and decision-
making aids could make explaining preferences and
expectations easier [Seror et al., 2001].

A similar finding was made in another
survey. It showed that more than 30% of the women
surveyed did not realize, at the time the screening
was performed, that the results could force them to
make a decision concerning the loss of their fetus
[Riegsegger, 2001]. Implementing prenatal screen-
ing, which would guarantee the exercise of an
informed choice by women, is a major challenge
because of the time required for genetic counselling
[Santalahti et al., 1998].

In 1999, Moyer et al. published the results of
a study aimed at elucidating the factors that can influ-
ence women’s decisions regarding prenatal screen-
ing and diagnosis, and at learning about their
impressions and experiences. Eighty-one volunteers
participated in the study, six of whom took part in the
pilot phase. The study consisted in holding 2-hour
group interviews and in administering a written

questionnaire containing open- and closed-ended
questions. It was found that most of the respondents
considered prenatal screening tests (98%) and prena-
tal diagnostic tests (93%) useful or very useful. In
addition, a vast majority of them also thought it was
very important fo have a child without a problem like
Down syndrome (77%) and to avoid any risk of
miscarriage (83%). Sixty-four percent of the women
thought that having a Down syndrome child would be
a difficult experience, but one they could deal with,
while for 26% of the women, the birth of a Down
syndrome child would have been the worst possible
outcome of their pregnancy. Half of the women would
have been willing to terminate the pregnancy—during
the first trimester (55%) or second trimester (49%)—if
the fetus had Down syndrome. The women brought
out the positive aspects of testing, namely, being able
to choose and decide and the reassuring counselling,
but also the negative aspects, i.e., anxiety and the
lack of options. Testing impedes the normal process of
pregnancy, and the very fact that the fests are avail-
able creates an imperative to use them. Many women
value being able to make their own choices, whereas
others would prefer not having to make them. The
option of prenatal diagnosis, which has its inherent
risks, seems to be a very difficult one for many
women. In addition, many of them indicated that they

were not adequately informed about Down syndrome
[Moyer et al., 1999].

Al-Jader et al. inferviewed 35 women under
the age of 35 who were 20 weeks pregnant one to
two weeks after the end of prenatal screening fests.
The questions were semistructured, and the interview
was recorded. The purpose of the survey was three-
fold: to determine if the women had made informed
decisions based on their understanding of the screen-
ing process, to explore their attitudes toward mater-
nal serum screening and voluntary termination of
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pregnancy in the event of Down syndrome, and to
evaluate the ways in which prenatal screening ser-
vices could be improved. Most of the women indi-
cated that they had not made an informed choice,
since the tests had been presented as being routine.
The better-educated women and those who already
had children seemed to be better informed than the
others. On the other hand, the small group of women
who had declined prenatal screening tests (5 out of 35)
were better educated and had a higher social status.
This was not a representative sample of all the preg-
nant women in the region. Consequently, the results
cannot be generalized [Al-Jader et al., 2000].

Sixty women participated in a qualitative
study in Ontario based on semistructured interviews
using the focus group method. The purpose of the
interviews was fo explore women’s opinions and
experiences regarding serum screening. The results of
this study highlight the importance that women attach
to the quality of the information they receive before
being able to make an informed decision. The deci-
sion is based mainly on personal values, social
support and the information provided. The women
indicated that this information should be provided as
early as possible during the pregnancy and that their
physician is the person who should provide it [Carroll
et al., 2000].

In summary, the literature shows that, when
given the option, most women prefer first-trimester
screening because the period of uncertainty is shorter
and because they can terminate the pregnancy
earlier, before fetal movements can be perceived,
and with a lower risk of complications. False-positive
results are a source of anxiety for pregnant women
and lead to the increased use of invasive diagnostic
procedures, such as amniocentesis, which carry
the risk of iatrogenic loss of non-Down syndrome
fetuses. Multiple testing also has repercussions on

health-care costs. A false-positive result can affect a
women's decision fo participate in screening during a
subsequent pregnancy.

False-negative results can have psychologi-
cal effects on the parents, and they can also experi-
ence more difficulty adapting to their parental role,
even many years after the birth of an affected child.
However, very few studies have examined this. As
well, false-negative results seem to undermine public
confidence in screening. Although many women
agree to undergo prenatal Down syndrome screen-
ing, it seems that they lack the necessary information
for making an informed decision regarding their will-
ingness to participate in such screening when the time
comes. They indicate that they find the information
health professionals provide to them to be of consid-
erable importance in being able to make an informed
decision.
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THE OPINION OF PROFESSIONALS AND THE POSITIONS
OF THE VARIOUS ASSOCIATIONS

11.1  The perspective of health-care

professionals

A Finnish study compared the opinions of
obstetricians/gynecologists, pediatricians and family
physicians (n = 750) regarding fetal screening. The
study, which was conducted in 1996, was an anony-
mous, postal questionnaire survey. The response rate
was 74%. Most of the physicians, regardless of
their specialty, felt that serum screening for Down
syndrome and ultrasound screening for structural
abnormalities should be accessible to all pregnant
women. Both types of screening were already in
operation in Finland at the time of the survey.
Between 1 and 5% of the physicians surveyed thought
that neither should be available. A minority of the
physicians thought that other screening tests for more
rare congenital diseases that cause mental retarda-
tion in early childhood (fragile X syndrome, aspartyl-
glucosaminuria, neuronal ceroid lipofuscinosis) should
be available on a large scale. As for the benefits of
prenatal Down syndrome screening, the argument
put forth most often was that of preventing the birth
of a handicapped child. Enabling parents to better
prepare for the birth of an affected child and reduc-
ing the costs associated with managing handicapped
individuals were considered important benefits. The
opinions expressed by the different specialists were
broadly the same. As for the disadvantages of pre-
natal Down syndrome screening, the respondents
considered two issues to be important, nqme|y, the
anxiety that false-positive results cause in women and
the pressure on them to abort at a point when the
pregnancy is already advanced, which is emotionally
difficult. Most of the respondents did not think that
prenatal Down syndrome screening increases nega-
tive aftitudes toward affected individuals, while for
some of the other respondents, this is a major disad-
vantage [Hemminki et al., 2000].

11.2  The position of professional
associations and clinical guidelines

In 1999, the American College of Obstetricians
and Gynecologists (ACOG) stated in its position
paper that, while promising, first-trimester prenatal
screening for chromosome, cardiac or other abnor-
malities using nuchal translucency alone or in combi-
nation with serum markers, was still investigational.
The technique for measuring nuchal translucency and
the very definition of nuchal translucency need to be
standardized, and until studies confirm the effective-
ness of such screening, it is not recommended for
routine clinical use [ACOG Committee Opinion
No. 223, October 1999]. To date, the ACOG posi-

tion remains unchanged.

The Society of Obstetricians and Gynaecolo-
gists of Canada (SOGC) has published a number of
clinical guidelines for prenatal screening and diag-
nosis. In 1999, the SGOC’s Genetics Committee
published an opinion document in which it recom-
mended that second-trimester maternal serum screen-
ing programs for Down syndrome and neural tube
defects be set up across Canada. The Committee
recommended a dating ultrasound to improve screen-
ing performance and recommended that mechanisms
be instituted to ensure the ongoing education of
health-care providers and consumers, and the eval-
vation and quality assurance of the programs
[Genetics Committee of the SOGC, 1999].

In June 2001, the SOGC published Canadian
guidelines for prenatal diagnosis. In these clinical
guidelines, which are an update of those published in
1993, the SOGC considers that maternal age alone
is not a very useful method of predicting fetal chro-
mosome abnormalities and that the different combi-
nations of serum and ultrasound markers can now
improve the Down syndrome detection rate and
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reduce the false-positive rate. According to the SOGC,
and as had previously been recommended by the
Canadian Task Force on the Periodic Health
Examination [Dick et al., 1996], “[s]creening for
chromosomal anomalies based on biochemical
markers should only be considered within a compre-
hensive screening and prenatal diagnosis program
including interpretation, education, and follow-up
counselling”. As specifically regards ultrasound
markers, the SOGC reports the results of the study by
Snijders et al. [1998] concerning risk defermination
based on combined maternal age and nuchal
frons|ucency measurement (detection rate, 72%;
false-positive rate, approximately 5%). In addition,
the SOGC states that the “[p]rediction of the risk for
fetal trisomies based on soft signs should conform to
accepted criteria for a screening program and should
only be done where facilities exist for adequate
follow-up.” Further studies should be conducted to
determine how ultrasound signs “can be combined
with other information such as maternal age or
maternal serum screening to provide risk estimates”
[Prenatal Diagnosis Committee of the CCMG and
Genetics Committee of the SOGC, 2001].

In Québec, in 2001, a report was prepared
by an ad hoc committee and approved by three
medical associations in Québec (medical biochemists,
medical geneticists and obstetricians/gynecologists).
The report examines prenatal Down syndrome screen-
ing and recommends the rapid implementation of a
second-trimester prenatal screening program and the
assessment, in a university setting, of first-trimester
screening. The report also looks at the implementa-
tion modalities for prenatal screening applicable to
the Québec context [Désilets et al., 2001].

11.3  The perspective of Down syndrome
associations

In a position paper on prenatal genetic test-
ing published in May 1999, the Canadian Down
Syndrome Society states that prenatal Down
syndrome screening, the objective of which is to iden-
tify affected fetuses and terminate pregnancies, can
adversely affect the quality of life of individuals
with Down syndrome in our community. This could
happen if this approach leads to a reduction in fund-
ing and support services for these individuals and if
society in general adopts a negative aftitude toward
them. However, the Society does support screening if
performed with a view to providing improved care by
enabling parents and health professionals to better
prepare for the birth of an affected child. Partic-
ipation in screening should be voluntary and be
based on quality genetic counselling, and parents
should be given enough time to decide if they wish to
proceed with the test. The Society also recommends

giving parents the opportunity o speak to parents of
Down syndrome children [CDSS, 1999].
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THE ETHICAL ISSUES

Prenatal screening and diagnosis raise various
ethical issues which pregnant women and couples,
health professionals, society and the public authori-
ties need to address, and these issues are the same
for first-trimester and second-trimester screening. In
this chapter, we resume our discussion of the ethical
issues published in a previous report [CETS, 1999].

In the case of chromosome abnormalities,
prenatal screening and diagnosis does not provide a
therapeutic option, and the only preventive measure
possible for parents is termination of pregnancy.
Because these techniques are available, pregnant
women and couples are faced with difficult decisions,
which have to be made within very short order, right
in the midst of the pregnancy, when anxiety and
emotions are running high [Santalahti et al., 1998b].

Parents should be informed of the limitations
of screening and of the complications associated with
diagnosis. They should also understand that a screen-
ing result indicates a risk and that it cannot guaran-
tee that the fetus has or does not have a given
chromosome abnormality. In many cases, the screen-
ing will indicate a high risk, even though the fetus
is not affected, and the pregnant women will be
exposed to the complications associated with the di-
agnostic procedures. In addition, some parents will
have a Down syndrome child even if the screening
result indicated a low risk.

Once the diagnosis is confirmed, a decision
must be made to continue or ferminate the preg-
nancy. When, for different reasons, the individual is
opposed to abortion, prenatal screening and diag-
nosis can be a way to anticipate the abnormality and
enable the parents to be better prepared at the time

of birth.

Genetic counsellors should inform the future
parents of the benefits, limitations and consequences

of screening and diagnosis in an objective and
nondirective manner [Murray, 1994]. Genetic coun-
se||ing should enable the pregnant woman or the
couple to make a decision as to whether or not to
proceed with screening, after having received all the
relevant information concerning Down syndrome and
the other aneuploidies, the risk of having an affected
child, and the risks and limitations associated with the
screening and diagnostic procedures. The counselling
should cover the social aspects of the life of a person
with Down syndrome [Milner, 1993].

Universal access to screening could result in
it being ordered systematically and thus violate the
principle of autonomy. Screening would thus lose its
obijective of offering couples an informed choice and
become a eugenic practice. It could even have reper-
cussions on those who decline to be tested [Royal
Commission on New Reproductive Technologies,
1993; Annas, 1996]. However, the systematic offer
of screening would permit equal access, as there are
differences in awareness from one social class to
another.

Even if a woman accepts the possibility of an
abortion, other ethical issues accompany prenatal
diagnosis, such as the debate over selection of the
unborn. In the case of Down syndrome, a diagnosis
of affected fetus does not provide any information
about the severity of the case, i.e., the degree of
mental retardation and the presence or absence
of associated organic malformations. In addition,
invasive diagnostic procedures also carry the risk of
spontaneous loss of unaffected fetuses.

Choosing an age or a risk level above which
a diagnosis is performed based on a balance
between the risk of giving birth o a Down syndrome
child and the risk of iatrogenic loss of an unaffected
fetus implies the notion that these two trials are the
same for all pregnant women [Moatti et al., 1992].
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39



Furthermore, adopting such an age or risk level, both
for screening and diagnosis, implies that a certain
number of cases will not be detected or diagnosed.

The decision to make prenatal screening tests
available is the responsibility of the public authorities,
and it should be accompanied by the willingness to
offer all the services considered necessary and to
ensure their quality. Given the importance of genetic
counselling, particular attention should be paid to
health professional training and the resources allo-
cated to this aspect of clinical practice.

Each case averted lightens the economic
burden on the community, specifically with regard to
health and special-education services that affected
children require throughout their lives. However,
identifying fetuses with a congenital disease and
performing abortions can reinforce the prejudices
toward handicapped individuals and taint the
perception, by an affected individual, his or her
family and society in general, of the burden that he
or she presents. Prenatal screening should not result
in the reallocation of resources or a reduction in ser-
vices for managing affected individuals or in the
support that their families require [Milner, 1993].

40
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DISCUSSION OF THE BENEFITS AND LIMITATIONS
OF FIRST-TRIMESTER SCREENING

A number of first-trimester prenatal screen-
ing techniques for chromosome abnormalities have
been developed. Some of them are still in the experi-
mental stage. The search for new prenatal screening
techniques is aimed mainly at achieving the best
detection rate (by also reducing the number of false
negatives) and in reducing, as much as possible, the
false-positive rate, for false-positive results lead to
the increased use of diagnostic techniques, such as
amniocentesis and chorionic biopsy, which are inva-
sive procedures that can cause the iatrogenic loss of
unaffected fetuses. Table 10 provides a summary of
these techniques and their efficacy solely for Down
syndrome screening.

First-trimester serum markers have been
investigated in a large number of studies, including
several refrospective trials with high-risk populations.
The detection rate might be comparable to that
achieved with second-trimester serum markers, but
this still needs to be confirmed, since the methodology
used in most studies does not take the spontaneous
abortion of Down syndrome fetuses between the first
trimester and term into account. To date, no large

published controlled trial has compared first-trimester
and second-trimester marker screening in terms of
performance.

The influence of the different factors, such as
maternal weight and smoking, parity, fetal sex, the
presence of type 1 diabetes and the mother’s ethnic
origin, and the necessary adjustments to the calcula-
tion of the multiples of the median (MoM) for serum
markers have not yet been adequately evaluated in
the case of first-trimester screening. Serum marker
screening is not indicated in twin pregnancies, and
the markers cannot be used to detect open neural
tube defects.

Ultrasonographic nuchal translucency mea-
surement between the 10th and 14th week of preg-
nancy can reportedly detect 80% of Down syndrome
fetuses, but the false-positive rate is high. As with
serum markers, this performance could be lower if
the prevalence of Down syndrome during the first
trimester rather than at birth is taken into account.
Although nuchal translucency measurement has been
studied in more than 150,000 pregnant women,
including more than 500 cases of Down syndrome,

Table 10
Summary of the first-trimester prenatal screening tests
Test Week of pregnancy Detection rate (%) False positives (%)
Serum markers combined with maternal age 8-13 62 5
Nuchal translucency combined with maternal age 10-14 80 2.6-8.3
Combined test (serum markers + nuchal translucency 9-15 76-100 5-14
+ maternal age)
Integrated test (first + second trimester) 10-18 85 1
Urinary metabolites 11-22 79 5
Fetal cells in maternal blood No data to date
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there are still many outstanding questions concerning
its performance when used on a wide scale in the
general population.

To improve the effectiveness of nuchal trans-
lucency measurement, certain conditions must be met.
They are summarized in a paper by Nicolaides et al.
They include: 1) appropriate practical training for so-
nographers and auditing their results; 2) the avail-
ability, among others, of good-quality equipment
with calipers that are accurate to within a decimal
point; 3) making the measurement between 11 weeks
and 13*¢ weeks with the fetus in the neutral position;
4) the option of using the transvaginal approach
when the measurement cannot be obtained transab-
dominally [Nicolaides et al., 2000].

Combining first-trimester markers (serum
markers + nuchal translucency + maternal age) would
improve the detection rate considerably while at the
same time keeping the false-positive rate constant.
Currently, two large studies are being conducted
in the United States and in Europe in order to
determine, among others things, the efficacy of first-
trimester combined screening compared to second-
trimester maternal serum marker screening.

lts technical performance and limitations
aside, first-trimester screening is preferred by preg-
nant women when they have a choice. The reasons
they cite are a shorter period of uncertainty and an
earlier risk assessment, which enables them to termi-
nate the pregnancy earlier, if need be. It offers the
possibility of a diagnosis by amniocentesis around
the 14th week of pregnancy or of an earlier diagno-
sis by chorionic biopsy, if this procedure is available.
However, it should be noted that, in Québec, a first-
trimester screening program would, to a large extent,
be based on amniocentesis during the investigation of
high-risk cases. Since amniocentesis carries a greater
risk when performed before the 14th week and since

the cytogenetic analysis can be expected to take
an average of 14 days, a pregnant woman will not
receive the results of the analysis until the 16th week
of pregnancy at the earliest. The interval between the
screening and a definitive diagnosis will therefore be
at least one month in most cases. The psychological
impact of such a long wait has not been assessed.

Early screening also has some drawbacks.
It permits the identification of a certain number of
affected fetuses that will, in any event, abort sponta-
neously before term [Morris et al., 1999]. Couples
are faced with painful decisions that they would not
have to make if they were not offered early screening
[van Lith, 1996]. This also has repercussions on the
decisions to be made during subsequent pregnancies
[Kornman et al., 1997].

The practice of first-trimester prenatal screen-
ing may lead to certain changes in the current prac-
tice of prenatal follow-up, specifically with regard to
the date of the first prenatal visit and the date of the
first-trimester ultrasound [van Lith, 1996]. Apart from
the fact that pregnancy follow-up can start later in
some women than the recommended date for first-
trimester screening, the litfle time available for
making a decision is a definite disadvantage of early
screening. Many women should make the decision
to participate in screening nearly at the same time
as they receive confirmation of their pregnancy
[Kornman et al., 1997]. Genetic counselling should
be offered at three different times: before screening,
in order to help the woman decide whether or not to
participate, after screening, in order to help her
understand the result indicating a low or high risk
and decide whether or not to proceed to diagnosis,
and lastly, after confirmation of the diagnosis by
amniocentesis or chorionic biopsy. The importance of
informed decisions and the ethical issues for women
and couples, health professionals and society in

FIRST-TRIMESTER PRENATAL SCREENING FOR DOWN SYNDROME AND OTHER ANEUPLOIDIES



general were examined in detail in a previous report
on second-trimester prenatal screening and diagnosis
[CETS, 1999]. The analysis and conclusions apply to
first-trimester screening as well.

Although the efficacy seems promising,
based on the results of controlled studies, the data are
not clear when it comes to the effectiveness of prena-
tal screening once it is offered to the population. A
recently published retrospective study compared the
effectiveness of the different prenatal screening poli-
cies in effect in eight different regions of the United
Kingdom. In all, 53% of the Down syndrome cases
were detected (between 31 and 62%, depending on
the region), either by second-trimester serum marker
screening or second-trimester ultrasound nuchal
translucency measurement performed because of
advanced maternal age or because of the woman’s
obstetrical history. In most of the regions, a combina-
tion of methods was used. The false-positive rate
(women who had been advised to undergo diagno-
sis) varied from 2.8 to 7.7%. Although certain limita-
tions of this study should be taken into account, such
as the high proportion of women aged 35 and older,
the high incidence of Down syndrome (1:476) and
the low screening uptake rate, the results suggest that,
in practice, adding new screening techniques does
not have the anticipated effects on the detection rate
[Wellesley et al., 2002]. In addition, an evaluation of
prenatal screening services carried out in the United
Kingdom revealed that, even more than 10 years
after they were instituted, the services offered and the
results achieved are not uniform from one region to
another and even from one hospital to another [UK
National Screening Committee, 2001].

To overcome one of the more important limi-
tations of prenatal screening, namely, false-positive
results and their impact on the use of diagnostic
procedures and the inherent risk of iatrogenic fetal

loss, some authors have proposed an integrated test,
which combines first- and second-trimester screening.
This method has been the subject of a demonstration
project in Ontario. It reportedly leads to a consider-
able reduction in the false-positive rate and is very
sensitive. The main drawback of this method is that
one has to wait for the results, sometimes for several
weeks. At some centres, to avoid this wait, the
personnel perform tests sequentially, disclosing the
risk as the testing proceeds. This method, in addition
to shortening the wait, enables physicians to react fo
an interim result indicating a high risk. However, the
efficacy of this method is apparently lower. Further
studies are needed to confirm these findings and to
determine the best way to offer the tests and to
combine their results.

First-trimester screening can be used to detect
other aneuploidies and other fetal abnormalities,
mainly cardiac malformations, but cannot be used to
identify open neural tube defects. One must therefore
check for potential open neural tube defects by
second-trimester ultrasound. Lastly, measuring the
levels of urinary metabolites and recovering fetal cells
or DNA from maternal blood are promising tech-
niques, although they are still investigational.

The economic considerations relating fo first-
trimester prenatal screening and diagnosis are not
examined in this report, although they were in a
previous report on second-tfrimester prenatal screen-
ing and diagnosis [CETS, 1999]. A number of impor-
tant questions concerning the effectiveness of the
techniques and the organization of care in Québec
are still unanswered, with the result that an economic
analysis seems premature. However, it is plausible
that the cost estimates for the different second-
trimester prenatal screening procedures could apply
to the first-trimester procedures. A recent, systematic
review of the published economic evaluations of
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ultrasonographic prenatal screening for fetal abnor-
malities found differences between the cost studies in
different settings. Furthermore, the authors observed
major differences in the efficacy of ultrasound
between the studies, the best performance being
achieved by sonographers who have received appro-
priate training and acquired technical expertise and
when they have the best equipment available [Bricker
et al., 2000; Roberts et al., 2002].

Before a decision is made fo institute first-
trimester prenatal screening, a demonstration project
should be carried out to define the implementation
mechanics (genetic counselling, professional training,
organization of screening by serum and ultrasound
markers, follow-up and quality assessment), to estab-
lish medians in the population, and to assess the
effectiveness and costs, especially because effective-
ness data are lacking and since the costs and imple-
mentation mechanics depend considerably on the
local context.

When we sent this assessment report to
press, Wald et al. were publishing the results of
a large study of prenatal Down syndrome screen-
ing, the SURUSS trial (Serum, Urine and
Ultrasound Screening Study). This study, the first
to compare the predictive performance of the
different combinations of first- and second-
trimester prenatal screening tests, could provide
additional material for this report (see next page).
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Twenty-five maternity units offering second-
trimester maternal serum screening took part in the
prospective study of Wald et al.* Pregnant women
who attended their first prenatal visit between
the 8th and 14th week of pregnancy between
September 1996 and April 2000 were invited to
join the study. Forty-seven thousand and fifty-three
pregnant women (singleton pregnancies) partici-
pated. An ultrasound examination was performed
during the first visit in order to confirm that the fetus
was alive, to determine the week of gestation and
to take at least three nuchal translucency measure-
ments. A serum sample and a urine sample were
obtained during the first visit and during the second
trimester. However, the prenatal diagnosis was
based solely on the results of the second-trimester
screening, whether by the double, triple or quadru-
ple marker, depending on the protocol in effect at
the maternity unit.

The results of this study demonstrate the
efficacy of the integrated test (first-trimester
PAPP-A and nuchal translucency, measured
at 10 completed weeks of pregnancy; second-
trimester AFP, uE3, B-hCG and inhibin-A, mea-
sured between 14 and 20 completed weeks of
pregnancy). With a Down syndrome detection rate
of 85% and 1.2% false positives, the integrated test
would be the best choice in terms of efficacy, safety
and costs. It is more expensive because it involves
several markers, but the low false-positive rate
reduces the number of amniocenteses required and
the number of iatrogenic fetal losses, thus avoiding
the costs associated with them. However, the
authors point out that the integrated test’s feasibility
and acceptability need to be confirmed in other
studies. Those studies are in progress. Without a
nuchal translucency measurement, one would
obtain the same detection rate by integrating the
first- and second-trimester serum markers, but with

2.7% false positives. Also, the first-trimester
combined test (PAPP-A, B-hCG and nuchal translu-
cency) is recommended in women who want an
answer earlier, and the second-trimester quadruple
marker (AFP, uE3, B-hCG and inhibin-A) is the test
of choice for women who attend their first prenatal
visit after the 14th week of pregnancy. The authors
state that, at a constant detection rate, the cost-
effectiveness of these four prenatal screening meth-
ods is similar.

The efficacy of the combined test is compa-
rable to that of the quadruple marker, that is, 6.1%
and 6.2% false positives, respectively, for a 85%
detection rate. These performances are possible
when the combined test is performed at 10 com-
pleted weeks of pregnancy and when the qua-
druple marker is measured between 14 and
20 completed weeks. As for nuchal translucency
measurement, it would be beneficial to convert
the measurement obtained in millimetres to multiples
of the median, using the medians calculated by
each sonographer rather than those for the centre
or population. Furthermore, the test's performcmce
would improve if at least three measurements were
obtained and if the risk calculation were based on
their mean. Obtaining a satisfactory nuchal trans-
lucency measurement seems to depend, among
other things, on the make or model of the ultra-
sound machine.

The authors do not recommend the use of
the double or triple marker or that of an isolated
nuchal translucency measurement because of the
higher false-positive rates (13.1%, 9.3% and 20.0%,
respectively, for a 85% detection rate). They also
point out the drawbacks of the sequential use of
first- and second-trimester markers, which would
double the false-positive rate. Lastly, the article
concludes that urinary markers contribute little to
the efficacy of prenatal screening.

* Wald NJ, Rodeck C, Hackshaw AK, Walters J, Chitty L, Mackinson AM. First and second trimester antenatal screening for
Down's syndrome: the results of the Serum, Urine and Ultrasound Screening Study (SURUSS). Health Technol Assess 2003;7(11).
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CONCLUSIONS AND RECOMMENDATIONS

The review of the published data on prenatal * Prenatal Down syndrome screening should
Down syndrome screening leads us to the following be included with all other prenatal screening
conclusions and recommendations: activities and take into consideration the

other diseases that these techniques might or

Conclusi .
onciusions might not be able to detect.

e The efficacy (under experimental conditions)

of the different first-trimester prenatal screen- Recommendations

ing modalities for Down syndrome and other * Based on the current state of knowledge,
aneuploidies is satisfactory, but it still needs implementing  wide-scale first-trimester
to be confirmed because of the methodo- screening in Québec cannot be recom-
logical limitations of most of the studies. mended. However, it is essential that current
Despite the numerous studies involving more practices be guided in order to ensure the
than 150,000 pregnancies, there are still quality of the services provided. First-
some questions regarding effectiveness, frimester screening should be performed
especially that of nuchal translucency mea- only at university hospitals which meet the
surement in nonexperimental conditions. requirements for providing quality service

and which agree to be evaluated. The
primary objective of the evaluation would be
to determine the effectiveness of the different
modalities in the Québec context. It should
also make it possible to define the charac-
teristics of the population and the service
network and to determine the professionals’

* At this time, it is impossible to state whether
first-trimester or second-trimester screening
is superior in terms of efficacy.

o Different first-trimester prenatal screening
modalities are already available in Québec,
both in the public and private sector.

* First-trimester prenatal screening enables training needs regarding the techniques and
pregnant women to obtain an earlier diag- genetic counselling, the availability of suit-
nosis than second-trimester screening. Con- able equipment and the costs associated
sequently, they prefer this approach. with screening in Québec. It would also

* Implementing first-trimester screening will serve to determine the main aspects of
require changes to current prenatal care developing and implementing quality con-
practice, mainly with regard to the week of trol mechanisms, should the practice be
pregnancy during which the pregnant expanded.
woman’s first medical visit takes place, the * The conclusions of the 1999 CETS report,
number of ultrasounds and when, during the which examined second-trimester screening
pregnancy, ultrasound is performed. Some and diagnosis, still hold3. Implementing
of these changes are already being instituted second-trimester screening will make it
in Québec. possible to offer serum marker screening to

3. Those conclusions still hold, even though the economic andlysis of second-trimester screening was not updated, as this was
not one of the objectives of this report, and though the quadruple marker should replace the triple marker.
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all pregnant women who want it. It may also
serve to set up genetic counselling services,
which will be useful for all other types of
prenatal screening and diagnosis, as well.
Eventually, it may become a complementary
approach to or be replaced by first-trimester

screening. The results of research currently
under way will be used to compare first-
trimester screening and second-trimester
screening and their usefulness when used
alone or in combination.

Since the results of the SURUSS* trial (Serum, Urine
and Ultrasound Screening Study) were being
published right when we sent this assessment report
fo press, the report’s conclusions and recommenda-
tions need to be discussed in light of those results.

As regards the conclusions, we have expanded
upon the second one:

* Since the efficacy of first-trimester screen-
ing (combined test) and that of second-
trimester screening (quadruple test) are
comparable, it cannot, at this time, be
stated that either modality is superior to
the other.

In addition, the results of the SURUSS trial confirm
the recommendations of this assessment report,
mainly with regard to:

* The usefulness of instituting second-trimester
prenatal screening in Québec; and

* The need to first limit the practice of first-
trimester screening to specialized centres

* Wald NJ, Rodeck C, Hackshaw AK, Walters J, Chitty L, Mackinson AM. First and second trimester antenatal screening for
Down’s syndrome: the results of the Serum, Urine and Ultrasound Screening Study (SURUSS). Health Technol Assess 2003;7(11).

in order to determine its effectiveness,
feasibility, costs and organizational aspects
in the Québec context.

Furthermore, new knowledge is to be added to this
assessment, specifically:

* |t is important to examine the conditions
for the practice of nuchal translucency
measurement, especially the technical
performance of ultrasound equipment
(makes and models).

* When used alone, certain markers, mainly
nuchal translucency measurement, do not
seem to be very effective.

* From a practical standpoint, the integrated
test is effective, and the integrated test ex-
clusively with first- and second-trimesfer serum
markers can yield a good performance.

However, as the authors point out, studies under
way will need to confirm the feasibility and accept-
ability of the integrated fest.

CONCLUSIONS AND RECOMMENDATIONS
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APPENDICES

Appendix A
Determining test performance*

This section explains a few concepts that are
essential fo understanding this report. We present
here the method for determining the internal validity
or performance of a test, i.e., the test's ability to detect
the disease.

Individuals
Affected |Not affected Total
Test result + TP FP TP + FP
Total  — FN ™ FN + TN

TP+FN TN +FP TP +FP + TN + FN

TP: True-positive result (the individual has the
disease, and the test result is positive)

FP: False-positive result (the individual does not
have the disease, but the test result is positive)

FN: False-negative result (the individual has the
disease, but the test result is negative)

TN: True-negative result (the individual does not
have the disease, and the test result is negative)

e Sensitivity: _ " 00

TP+ FN
The sensitivity of a test is the proportion of
all the affected individuals that the test is
able to detect in the population. In this report,
sensitivity is referred to as the defection rate.

TN
e Specificity.: ————— *x 100
peciiclly: N+ e
The specificity of a test is the proportion of

unaffected individuals confirmed not to
have the disease by a negative test result.

4. The reference for this section is Jenicek et al., 1995.

lts complement, T - specificity, is the propor-
tion of false-positive results. In this report,
the complement of specificity provides an
estimate of the number of non-Down syn-
drome fetuses that will be considered as
being at high risk and is referred to as the
false-positive rate. In such cases, one should
check for the presence of other pathologies
or a dating error and advise the pregnant
women of the option of undergoing a diag-
nostic test.

Positive predictive TP

value (PPV): T 100

The positive predictive value, or the predic-
tive value of a positive result, of a test is the
probability of having the disease when the
test result is positive. In this report, this value
is the proportion of pregnancies with Down
syndrome fetuses for which the test results
are positive.

Negative predictive 1\,

value (NPV): NN 100

The negative predictive value, or the predic-
tive value of a negative result, of a test is
the probability of not having the disease
when the test result is negative. In this report,
this value is the proportion of pregnancies
with non-Down syndrome fetuses for which
the test results are negative.
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Useful Links

Association de parents d’enfants trisomiques du Montréal Métropolitain

The mission of this organization is to bring together, support and inform parents of “trisomy 21" (Down syndrome)
children, as well as anyone else interested in this syndrome; to inform and raise awareness among members of the
public and school, medical and social authorities; and to promote the social and educational integration of trisomy 21
children. The association also encourages communication among its members with the goal of supporting these young
people’s physical and intellectual development.

633 est, rue Crémazie, 2¢ étage E-mail;_info@trisomie.qc.ca
Montréal (Québec), H2M 1L9 Web site: www.cvm.qgc.ca/ifmartin/trisomie/index.html

Telephone: (514) 850-0666
Fax: (514) 850-0660

Association du Syndrome de Down de [’Estrie
The Association du Syndrome de Down de I'Estrie is a non-profit organization that supports parents of children with
“trisomy 21 syndrome” (Down syndrome).

836, rue St-Charles E-mail: asde t21@hotmail.com
Sherbrooke, Qc J1H 422 Web site: http://pages.infinit.net/trisomie/

Telephone: (toll-free) 1 877 569-8112
Fax: (819) 569-5144

Canadian Down Syndrome Society (CDSS)
The Canadian Down Syndrome Society (CDSS) is a national organization whose mission is to enhance the quality of
life for all individuals who have Down syndrome through advocacy, education and providing information.

811 - 14 Street N.W. E-mail: dsinfo@cdss.ca
Calgary, Alberta, Canada T2N 2A4 Web site: www.cdss.ca

Téléphone: (sans frais) 1 800 883-5608
Télécopieur: (403) 270-8291

Montreal Association for the Intellectually Handicapped
The mission of the Montreal Association for the Intellectually Handicapped is to employ all possible means to enable
individuals with an intellectual handicap to take their places in society at every stage of their lives.

633, boul. Crémazie est, bureau 100 E-mail: amdi@delegation.ca
Montréal, Québec),H2M 1L9 Web site: http://www.delegation.ca/amdi/

Telephone: (514) 381-2307
Fax: (514) 381-0454
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Useful Links (cont’d)

Association des obstétriciens et gynécologues du Québec (AOGQ)

This is an association representing all physicians holding specialists’ certificates from the Collége des médecins du
Québec in Obstetrics, Gynecology and Obstetrics/Gynecology. It was founded in 1966, following the consolidation of
various groups of obstetricians and gynecologists in Québec.

2, Complexe Desjardins E-mail: info@gynecoquebec.com

Suite 3000, P.O. Box 216 Web site: http://www.gynecoquebec.com/anglais/index.htm
Succursale Desjardins

Montréal, Québec, H5B 1G8

Telephone: (514) 849-4969

Fax: (514) 849-5011

Society of Obstetricians and Gynaecologists of Canada (SOGC)
The mission of the Society of Obstetricians and Gynecologists of Canada is to promote optimal women’s health through
leadership, collaboration, education, research and advocacy in the practice of this medical specialty.

780 Echo Drive E-mail: helpdesk@sogc.com
Ottawa, Ontario, K1S 5R7 Web site: http://sogc.medical.org

Telephone: 1 800 561-2416
Fax: (613) 730-4314

International Federation of Gynecology and Obstetrics (FIGO)
The International Federation of Gynecology and Obstetrics is the only worldwide organisation that groups obstetricians

and gynecologists. The mission of FIGO is to promote the well-being of women and to raise the standard of practice in
obstetrics and gynecology.

70 Wimpole Street E-mail: figo@figo.org
London W1G 8AX Web site: http://www.figo.org
United Kingdom

Telephone: +44 20 7224 3270
Fax: +44 20 7935 0736
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Biographical Notes

Renaldo N. Battista, M.D., M.P.H., Sc. D., FRCP (C)
President and Chief Executive Officer, AETMIS

Dr. Renaldo N. Battista is President and Chief Executive Officer of the Agence d'évaluation des technologies et
des modes d'intervention en santé (AETMIS) and a full professor in the Epidemiology and Biostatics Department
and the Medicine Department of the Faculty of Medicine at McGill University. An internationally recognized expert
in his fields of expertise, Dr. Battista has been a member of the Scientific Advisory Board of the Agence nationale
pour le développement de I'évaluation (ANDEM, Paris), the Board of Directors of the Canadian Coordinating Office
for Health Technology Assessment (CCOHTA, Ottawa), and the Scientific Advisory Board of the Catalan Agency
for Health Technology Assessment (CAHTA, Barcelona). He also served for two years as Chairman of the Board
of the International Society of Technology Assessment in Health Care (ISTAHC, Montréal). Since 2001, he has
been a member of the Advisory Board of the Institute of Health Services and Policy Research with the Canadian
Institutes of Health Research (CIHR).

Véronique Déry, M.D., M. Sc. (human nutrition)
Scientific Director, AETMIS

A physician specializing in public health, Dr. Véronique Déry has worked in hospitals in Laval and Pointe Claire, as
well as in the private sector as Director of Scientific and Professional Affairs at Glaxo Canada from 1992 to 1994.
Appointed consulting physician for the Direction de la santé publique de Montréal-Centre, she joined the team at
the Institut national de santé publique in 1999, before being named Scientific Director of AETMIS in March 2002.
Dr. Déry is also a consulting physician at the Centre pédiatrique de Laval and since 1988 has pursued an
academic career at Université de Montréal, where she is an associate clinical professor in the Department of
Social and Preventive Medicine. Dr. Déry received the Coeur Québec Or from the Québec Heart and Stroke
Foundation in 2000 for her contribution to advancements in the prevention of cardiovascular disease, and in 2001
received the award for best professor from the Department of Social and Preventive Medicine in the Faculty of
Medicine at Université de Montréal.

Alicia Framarin, M.D., M. Sc. (health administration )
Research Consultant, AETMIS

Dr. Alicia Framarin has served as a Consulting Researcher for AETMIS since 1996. She holds a medical degree
from the University of Buenos Aires and a master’s degree in Health Services Administration from Université de
Montréal. She is an Associate Researcher at the clinical research centre of Centre hospitalier universitaire de
Sherbrooke (CHUS) and spent four years as an advisor to the Association des hépitaux du Québec OPTIMAH
programs, whose purpose is to review medical practices. Dr. Framarin has been a consultant for Université de
Montréal's international health unit since 2000, and since 1998, has worked with the Pan American Health
Organization (PAHO) providing training courses to healthcare professionals and managers who carry out health
technology assessment in Latin America.
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AETMIS at-a-glance

The Agence d'évaluation des technologies et des modes d'intervention en santé (AETMIS, the Québec government
agency responsible for health services and technology assessment) was created by the Québec Government on
June 28, 2000, to replace the former Conseil d’évaluation des technologies de la santé (Council on health
technology assessment). The mission of AETMIS is to assist and advise the Minister of Health and Social services,
as well as decision-makers in Québec’s health-care system, in matters concerning the assessment of health-care
services and technologies.

AETMIS makes recommendations based on scientific reports assessing the introduction, distribution and application
of health technologies, including technical aids for disabled persons and the delivery of health services. The
assessments take into account multiple factors such as efficacy, security and efficiency, as well as social, ethical,
organizational and economic implications. The range of topics covered is extremely broad, ranging from equipment
and technologies to issues relating to health-care and services organization.

AETMIS is run by a Board chaired by AETMIS President and CEO Dr. Renaldo Battista. Some 15 expert members
appointed by the Québec government Cabinet sit on the AETMIS Board. In addition, the agency has a steering
committee representing Québec’s main health-care organizations. Another of the agency’s strengths is the diversity
and complementarity of its approximately 30 researchers and professionals, whose expertise covers a wide array of
disciplines, including health administration, bioethics, molecular biology, biotechnology, law, health economics,
epidemiology, program evaluation, genetics, immunology, medicine, pediatrics, pharmacy and public health.

Not only does AETMIS produce and distribute assessment reports, it is also involved in promoting evaluation as a
key decision-making tool. Thanks to a solid network of contacts at the national and international levels, AETMIS
participates in several scientific forums and also supervises and trains graduate students. To find out more about
AETMIS and works in progress or published reports, please visit its Web site or contact its management.

Mailing address: 2021 Union Avenue, #1040, Montréal, Québec H3A 2S9

Web site: www.aetmis.gouv.qc.ca
E-mail: aetmis@aetmis.gouv.qc.ca
Tel.: (514) 873-2563

Fax: (514) 873-1369



