Screening for Down syndrome — Maternal
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EVOLUTION OF SCREENING FOR DOWN
SYNDROME PREGNANCIES

Many advances in fetal Down syndrome (DS) screening
have occurred since the National Institutes of Health
advised maternal age-based screening in 1979 in the USA!
The pace has quickened over the past decade, with the
introduction of second-trimester maternal serum and
ultrasound-based screening methods for fetal DS and,
more recently, with the development of first-trimester
screening programs. In the United States, second-trimester
maternal serum screening for fetal DS is still the current
standard, whereas in parts of the United Kingdom and
Europe, a first trimester screening approach that
incorporates ultrasound and biochemical screening has
been advocated. Implementation of National guidelines
in the UK by the National Screening Committee? has been
started.

Although all would agree that both methods are an
improvement over age-based screening alone, controversy
persists regarding which method, or a combination, is most
efficacious and cost-effective. Several authors have
reported on the economic evaluations of alternative
prenatal DS screening programs®*® with differing
conclusions. A similar comparison of second trimester
serum screening with combined first trimester screening
(nuchal translucency and biochemistry) for fetal DS is
lacking and impossible to perform as an abnormal
ultrasound would result in an intervention.

The first protein routinely measured in the maternal blood
was AFP (alpha-fetoprotein). High AFP levels were
originally used to identify fetuses at risk for neural tube
defects. In 1984 it was discovered that low AFP levels may
help identify fetuses with DS.” The blood test, sometimes
still called the “AFP test”® evolved by 1990 into the so-called
“triple test’, since it tested two other analytes: human
chorionic gonadotrophin (hCG) and unconjugated oestriol
(UE3).° Later the maternal blood screen evolved into the

‘quad screen” because a fourth marker (inhibin A) was also
reported to be useful.’® These maternal serum screening
tests were performed at 15-20 weeks of pregnancy. The
“triple test” which measures the amount of AFP, hCG and
uE3 or the“double test’, which consists of measuring AFP
and hCG have slightly differing detection rates but should
detect around 60 - 70% of DS pregnancies for a 5% false-
positive rate.'"’

Nuchal translucency (NT) screening for DS between 11 and
14 weeks of pregnancy gained credence in the mid 1990's
as an equally if not more efficient method of screening for
DS compared to second trimester serum screening with a
estimated detection rate of 70 — 80% for a 5% false-positive
rate.’® First trimester serum screening using PAPP-A and
free beta hCG was used in combination with NT would
increase its detection to around 90% at the same false-
positive rate.” Recently it would appear that the presence
or absence of nasal bone is a very powerful risk predictor
of DS to enable an even higher screening efficiency.?
Despite the impressive gains, there is sustained interest in
further improving detection rates while maintaining or
even reducing the number of false-positive diagnoses.!

LIMITATIONS OF VARIOUS STUDIES IN
REPORTING THE DETECTION RATES IN THE
LITERATURE

The best way of comparing various screening tests of DS
would be by comparing their receiver-operator curves on
a standardized maternal population.?? As age is a major
component in deriving the risks, a predominantly older
maternal population would give higher detection rates for
the same false-positive rate. The incidence of DS is also
relatively uncommon and large numbers would be needed
in order to accurately reflect the performance of a
screening test. An under-acknowledged limitation of many
studies is the underestimation of the denominator for DS
pregnancies which were not identified and miscarried
before term. This verification bias would result in over
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estimation of the detection rate. Another confounding
factor is the natural loss rate of DS pregnancies throughout
the pregnancy resulting in assumptions and modelling
needed when comparing first and second trimester
screening programmes. Although there are now
prospective "non-interventional”first trimester DS screening
programmes that attempt to compare the effectiveness
with second-trimester screening program, fetuses with
thickened NT were excluded from the study.?*? It is often
overlooked that the uptake rates of these screening tests
may vary widely.?*%

Nuchal Translucency

In 1990, researchers at the Kings College Hospital, London
noted that increased NT at 10 to 14 weeks of gestation is
associated with chromosomal abnormalities. Several
studies have reported that measurement of nuchal
translucency, as recommended by the Fetal Medicine
Foundation, is a sensitive marker for DS with a detection
rate of 75 to 80% for a false-positive rate of 5%.'819%
However, it does appear that the success of the test relies
very much on accurate, reproducible measurements of NT
being done in a standardized and consistent fashion.?” Just
as laboratory assays participate in quality assurance
schemes, measurement of NT which is an operator-
dependent clinical screening service requires an equivalent
clinical quality assurance program to ensure consistency
in screening results.

The combined First Trimester Screen for Fetal
Aneuploidy (10-14 weeks)

This evolved from NT screening and combines
measurements of two hormones (free beta hCG and PAPP-
A) from the maternal blood, together with the maternal
age and ultrasound measurements (NT and crown-rump
length) to calculate an overall risk for fetal DS. It has a

reported detection rate of 80-90% or even higher for fetal
DS.20,24,28,29

Integrated Screen or Sequential Screen

Recently, Wald et al*® reported a new and highly sensitive
and specific formulation, the integrated test. Based on
mathematic modelling from previously published data sets,
the combination of first trimester NT and pregnancy-
associated plasma protein-A plus second trimester serum
human chorionic gonadotrophin (hCG), alpha-fetoprotein
(AFP), unconjugated oestriol, and inhibin A produced
extremely high screening performance. At a 1% and 5%
false-positive rate, corresponding detection rates were 85%
and 94%, respectively. Despite its promise, some
reservations have been expressed about this algorithm?®'
and the delay between the first- and second-trimester
components of the test. In addition, there is the
obstetricians' discomfort about withholding information on
the first trimester portion of the test, particularly because

these markers by themselves are sensitive predictors of DS
and could materially affect a family’s choices. When NT
measurement is combined with serum biochemical first-
trimester markers (PAPP-A and free b-hCG), the DS
detection rate rises to as high as 91%, at a 5% false-positive
rate.®

These tests may be considered as combinations of the first
trimester screen and second trimester screen.  For the
integrated screen, a single result (risk estimate) is given
after both the first and 2nd trimester screens are
completed.® For sequential screening, the patient is given
one result after the first trimester screen and a second
modified result after the 2nd trimester biochemical screen.
The practicality of such a screening programme on a large
scale needs to be addressed.

It should be noted that a first trimester serum screening
would be highly correlated with a second trimester serum
screening and any combinations would need to take this
into account.®

ULTRASOUND SOFT MARKERS BETWEEN 15
AND 22 WEEKS GESTATION

How are likelihood ratios for soft markers
derived?

The first sonographic marker of DS, the thickened nuchal
fold (>= 6 mm), was first described in 1985.3° Since that
time, a number of ultrasound “markers” for detecting fetal
DS have been observed during the second trimester. These
markers should be distinguished from “structural” defects.
If there is a structural malformation, such as duodenal
atresia or exomphalos, the risk of aneuploidy is far higher.
Using a panel of ultrasound markers in a systematic fashion
as a part of screening has been referred to as a “genetic
sonogram”. These markers include nuchal fold thickening,
renal pelvis dilation, shortened femur or humerus,
echogenic bowel, absent middle phalanx of the fifth finger,
sandal gap, and more recently absent or hypoplastic nasal
bone.

The best estimates of both the positive and negative
likelihood ratios for each of the common markers of DS
are given in Table 1.3¥ These estimates were derived from
the combined data from 2 leading centres of obstetric
ultrasound in the United States. Major or minor defects
were identified in 74.3% of 350 fetuses with DS and in
13.5% of 9384 chromosomally normal fetuses. On the basis
of these data, the likelihood ratio for trisomy 21, if there is
no detectable defect or marker, is 0.30. In each case, the
likelihood ratio is the quotient of the incidence of a given
marker in DS pregnancies and its incidence in
chromosomally normal pregnancies. For example, a
thickened nuchal fold is found in 33.5% (107/319) of DS

KK Hospital Review Vol 09 Issue 1 ‘\'\/\M 2006



Table 1. Incidence of major and minor defects or markers in the second-trimester scan in trisomy
21 and chromosomally normal fetuses in the combined data of 2 major serie¥®’

Positive Negative Likelihood
Sonographic Trisomy 21(n/N) Normal likelihood likelihood ratio
Marker (n/N) (n/N) ratio ratio for isolated

marker

Nuchal fold 107/319 (33.5%) 59/9331 (0.6%) 53.05 (39.37-71.26) 0.67 (061-0.72) 9.8
Short humerus 102/305 (33.4%)  136/9254 (1.5%) 22.76 (18.04-28.56) 0.68 (0.62-0.73) 4.1
Short femur 132/319 (41.4%)  486/9331 (5.2%) 7.94 (6.77-9.25) 0.62 (0.56-0.67) 1.6
Pyelectasis 56/319 (17.6%) 242/9331 (2.6%) 6.77 (5.16-8.80) 0.85 (5.16-8.80) 1.0
Echogenic focus  75/266 (282%)  401/9119 (4.4%) 6.41 (5.15-7.90) 0.75 (0.69-0.80) 1.1
Echogenic bowel  39/293 (13.3%) 58/927 (0.6%) 21.17 (14.34-31.06) 0.87 (0.83-0.91) 3.0

* From these data the positive and negative likelihood ratios (with 95% CJ) for each marker can be calculated In the last
column, the likelihood ratio for each marker is found in isolation.”

fetuses and 0.6% (59/9331) chromosomally normal fetuses,
which results in a positive likelihood ratio of 53.05 (33.5/
0.6). Consequently, the finding of a thickened nuchal fold
increases the background risk by a factor of 53.05, but at
the same time an absence of this marker should reduce
the risk by 33%. The same logic applies to each 1 of the 6
markers shown in the table above.

When two or more markers are detected, there is a
significant association with aneuploidy and therefore the
management of such cases is more straightforward.
However, risk assessment based on the presence of a single
marker is difficult. The lack of clarity is primarily related to
the initial reports of associations coming from fetal
medicine centres catering for a high-risk population, with
the strength of association usually weakened or indeed
negated in studies of low-risk populations.

HOW ARE ESTIMATED RISKS CALCULATED?
The estimated risk can be derived by multiplying the a
prioririsks (age or serum screen) by the positive likelihood
ratio of the specific marker. The use of ultrasound markers
in this way is nearly identical to the use of biochemical
markers as part of a panel. Although there are no
prospective trials to test this form of sequential screening,
many maternal-fetal medicine specialists assume that they
are independent risk predictors from serum screening and
use it to modify the a priori risks.

Consequently, in estimating the risk in a pregnancy with a
marker, it is logical to take into account the results of
previous screening tests. For example, in a 32-year-old

woman at 20 weeks of gestation (background risk, 1 in
507) who had an NT screening that resulted in a 7-fold
reduction in risk (to 1 in 3549), after the diagnosis of
isolated echogenic bowel at the 20-week scan, the
estimated risk would increase by a factor of 3to 1in 1183.
However, for the same ultrasound finding in the absence
of previous NT screening, the risk would increase from 1
in 507 to 1 in 169. There are some exceptions to this
process of sequential screening, which assumes
independence between the findings of different screening
results. The findings of nuchal edema at the second
trimester scan cannot be considered independently of NT
screening in the first trimester. A recent study by Prefumo®
also showed an association between NT and echogenic
foci.

The presence of an isolated choroid plexus cyst or an
echogenic left ventricular foci in the heart as a soft marker
is controversial, with studies for**" and against.*#* The
various likelihood ratios may become less predictive in the
future as most DS pregnancies would be “screened out”in
the first and second trimesters through screening
programs. In addition, there are reports emerging of
associations between NT and soft markers on
ultrasound.3%4546

COUNSELLING ISSUES

The practice of recording or informing the mother of the
demonstration of such markers varies considerably from
one obstetric unit to another.*” Whilst some units counsel
an increased risk of aneuploidy and offer invasive
karyotyping when a single marker is found, others do not
even record the finding, deeming the risk of aneuploidy
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insufficient to warrant the offer of karyotyping. In any event,
if one such marker is identified, the sonographer must
examine the fetus carefully to exclude the presence of any
additional markers. Many soft markers will disappear or
regress as gestation proceeds. The persistence or
disappearance of a marker does not alter the risk of
aneuploidy. For example, most choroid plexus cysts
disappear with advancing gestation even when associated
with trisomy 18.

There is paucity of hard data on which to estimate the
increased risk of aneuploidy given the presence of a single
soft marker. Population-based data are required to fully
assess the true association between single markers and
aneuploidy. Soft markers are generally common, and their
appearance in a fetus with DS, which is a relatively
common aneuploidy, may simply be a reflection of the
prevalence in the whole population (e.g. mild pyelectasis
occurs in 0.73% of an unselected population). Other
confounding factors include observer bias (e.g. the RADIUS
trial had a detection rate for fetal anomalies of just 35% in
the screened group®), differing definitions, improvement
in quality of ultrasound machines over the years the data
was collected and the difficulty in collecting accurate
denominator data.

However, the risk of miscarriage of 1:100* after any invasive
diagnostic test for karyotyping also induces considerable
anxiety. Counselling must aim to provide sufficient
information to permit the parents to make an informed
decision. It must also provide appropriate reassurance,
whilst not creating false reassurance; a difficult balance to
achieve. Women who wish to use risk assessment to decide
whether to have an invasive test need to balance this risk
against the procedure-related loss and the acceptability
of the various methods for termination of pregnancy. Some
women might decide that a risk for DS of 1:1000 is
unacceptable, whereas others might feel that a 90%
chance of having a healthy baby with the calculated risk
of 1:10 is quite reassuring. If counselling is adequate and
women truly understand what is at stake, the concept of
false-positive and false-negative results becomes obsolete.

Women need to be reassured that in any given group of,
say, 900 women with an estimated risk of 1:300, only 3
women will give birth to a baby with DS. One would be
entitled to expect very tight confidence intervals around
this estimate, i.e. 2-4 affected babies irrespective of what
method of risk assessment is used. Apart from serum
screening models,* there are no such first trimester study
published. Also, it would be important to know to what
extent such confidence intervals vary from method to
method and from test to test.

The absence of markers on routine second-trimester scan
has been shown to reduce the risk of aneuploidy in
otherwise high-risk women, although in practical terms,
women (or their obstetricians) given a high risk on one
test might not accept a lowering of that risk based on
another.

Whether the introduction of population screening with
biochemistry and ultrasound examination has led to the
potential benefits that are based on expected screening
performance is unknown. The willingness of women to
participate in different types of screening programs may
depend on the gestational age when screening is offered,
how long it takes to report results, and socio-demographic
factors. Additionally, screening tests may not perform as
well in clinical as compared with research settings, offers
for screening may not be accepted, and women with
screen-positive results may choose to forego invasive
prenatal testing. Only a few relatively small studies have
evaluated the outcomes of prenatal screening in
population settings.

CONCLUSION

It is important to remember that the risk of DS derived
from screening tests have to be weighed against the risk
of miscarriage from ultrasound-guided diagnostic tests
such as genetic amniocentesis between 16-20 weeks or
chorionic villus sampling (CVS) between 11-13 weeks.
Although the risk is small, the risk of genetic amniocentesis
has been estimated as 1:200 to 400, and the risk of CVS
has been estimated as 1 in 100 (surprisingly, these
estimates are still controversial. The FASTER? study suggest
that the risk of amniocentesis at referral centres may be
significantly less than stated here). Appropriate counselling
and risk communication should remain the cornerstone
when offering any form of DS screening tests.

KK Hospital Review Vol 09 Issue 1 ‘May 2006



REFERENCES

Conferences NCD. Antenatal diagnosis: Amniocentesis.
Clinical Pediatratrics 1979(18):454-62.

Alfirevic Z, Neilson JP. Antenatal screening for Down'’s
syndrome. BMJ 2004; 329(7470):811-2.

Vintzileos AM, Ananth CV, Smulian JC, Day-Salvatore DL,
Beazoglou T, Knuppel RA. Cost-benefit analysis of prenatal
diagnosis for Down syndrome using the British or the
American approach. Obstetrics & Gynecology 2000;
95(4):577-83.

Petrou S, Henderson J, Roberts T, Martin MA. Recent
economic evaluations of antenatal screening: a systematic
review and critique. Journal of Medical Screening 2000;
7(2):59-73.

Cusick W, Vintzileos AM. Fetal Down syndrome screening: a
cost effectiveness analysis of alternative screening
programs. Journal of Maternal-Fetal Medicine 1999;
8(6):243-8.

Vintzileos AM, Ananth CV, Fisher AJ, Smulian JC, Day-
Salvatore D, Beazoglou T, et al. An economic evaluation of
second-trimester genetic ultrasonography for prenatal
detection of Down syndrome. American Journal of
Obstetrics & Gynecology 1998; 179(5):1214-9.

Merkatz IR, Nitowsky HM, Macri JN, Johnson WE. An
association between low maternal serum alpha-fetoprotein
and fetal chromosomal abnormalities. American Journal of
Obstetrics & Gynecology 1984; 148(7):886-94.

Wald N, Cuckle H. AFP and age screening for Down
syndrome. American Journal of Medical Genetics 1988;
31(1):197-200.

Canick JA, Knight GJ, Palomaki GE, Haddow JE, Cuckle HS,
Wald NJ. Low second trimester maternal serum
unconjugated oestriol in pregnancies with Down's
syndrome. British Journal of Obstetrics & Gynaecology 1988;
95(4):330-3.

Wald NJ, Densem JW, Smith D, Klee GG. Four-marker serum
screening for Down’s syndrome. Prenatal Diagnosis 1994;
14(8):707-16.

Heyl PS, Miller W, Canick JA. Maternal serum screening for
aneuploid pregnancy by alpha-fetoprotein, hCG, and
unconjugated oestriol. Obstetrics & Gynecology 1990;
76(6):1025-31.

Wald NJ, Hackshaw AK, Huttly W. Screening for Down’s
syndrome. Serum screening programmes are effective and
safe.[comment]. BMJ 2000; 321(7263):763-4 author reply
764-5.

Cuckle HS. Effect of maternal age curve on the predicted
detection rate in maternal serum screening for Down
syndrome. Prenatal Diagnosis 1998; 18(11):1127-30.

Saller DN, Jr, Canick JA. Maternal serum screening for fetal
Down syndrome: clinical aspects. Clinical Obstetrics &
Gynecology 1996; 39(4):783-92.

Cuckle HS, Holding S, Jones R, Groome NP, Wallace EM.
Combining inhibin A with existing second-trimester

16.

20.

22.

23.

24.

25.

26.

markers in maternal serum screening for Down’s syndrome.
Prenatal Diagnosis 1996; 16(12):1095-100.

Kellner LH, Weiner Z, Weiss RR, Neuer M, Martin GM,
Mueenuddin M, et al. Triple marker (alpha-fetoprotein,
unconjugated oestriol, human chorionic gonadotropin)
versus alpha-fetoprotein plus free-beta subunit in second-
trimester maternal serum screening for fetal Down syndrome:
a prospective comparison study [see comments]. American
Journal of Obstetrics & Gynecology 1995; 173(4):1306-9.
Wald NJ, Kennard A, Densem JW, Cuckle HS, Chard T, Butler
L. Antenatal maternal serum screening for Down’s syndrome:
results of a demonstration project.[see comment]. BMJ 1992;
305(6850):391-4.

Nicolaides KH, Sebire NJ, Snijders RJ. Down’s syndrome
screening with nuchal translucency. Lancet 1997;
349(9049):438.

Malone FD, D’Alton ME, Society for Maternal-Fetal M. First-
trimester sonographic screening for Down syndrome.[see
comment]. Obstetrics & Gynecology 2003; 102(5 Pt 1):1066-
79.

Cicero S, Bindra R, Rembouskos G, Spencer K, Nicolaides KH.
Integrated ultrasound and biochemical screening for trisomy
21 using fetal nuchal translucency, absent fetal nasal bone,
free beta-hCG and PAPP-A at 11 to 14 weeks. Prenatal
Diagnosis 2003; 23(4):306-10.

Nicolaides KH, Spencer K, Avgidou K, Faiola S, Falcon O.
Multicenter study of first-trimester screening for trisomy 21
in 75821 pregnancies: results and estimation of the potential
impact of individual risk-orientated two-stage first-trimester
screening. Ultrasound in Obstetrics & Gynecology 2005;
25(3):221-226.

Cuckle H. Maternal age-standardisation of prevalence of
Down's syndrome. Lancet 1999; 354(9178):529-30.

Gilbert RE, Augood C, Gupta R, Ades AE, Logan S, Sculpher
M, et al. Screening for Down's syndrome: effects, safety, and
cost effectiveness of first and second trimester strategies.
Commentary: Results may not be widely applicable. Authors’
response. BMJ 2001; 323(7310):423-.

DugoffL, Hobbins JC, Malone FD, Porter TF, Luthy D, Comstock
CH, et al. First-trimester maternal serum PAPP-A and free-beta
subunit human chorionic gonadotropin concentrations and
nuchal translucency are associated with obstetric
complications: a population-based screening study (the
FASTER Trial). American Journal of Obstetrics & Gynecology
2004; 191(4):1446-51.

Wald NJ, Rodeck C, Hackshaw AK, Walters J, Chitty L,
Mackinson AM, et al. First and second trimester antenatal
screening for Down’s syndrome: the results of the Serum,
Urine and Ultrasound Screening Study (SURUSS). Health
Technology Assessment (Winchester, England) 2003; 7(11):1-
77.

ReynoldsT. Down'’s syndrome screening: a controversial test,
with more controversy to come! J Clinc Pathol 2000; 53:893 -
989.

KK Hospital Review Vol 09 Issue 1 ‘May 2006



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Bewley S, Roberts LJ, Mackinson AM, Rodeck CH. First
trimester fetal nuchal translucency: problems with screening
the general population. British Journal of Obstetrics &
Gynaecology 1995; 102(5):386-8.

Biagiotti R, Brizzi L, Periti E, d'’Agata A, Vanzi E, Cariati E. First
trimester screening for Down’s syndrome using maternal
serum PAPP-A and free beta-hCG in combination with fetal
nuchal translucency thickness. British Journal of Obstetrics
& Gynaecology 1998; 105(8):917-20.

Brizot ML, Snijders RJ, Butler J, Bersinger NA, Nicolaides KH.
Maternal serum hCG and fetal nuchal translucency thickness
for the prediction of fetal trisomies in the first trimester of
pregnancy. British Journal of Obstetrics & Gynaecology 1995;
102(2):127-32.

Wald NJ, Watt HC, Hackshaw AK. Integrated screening for
Down’s syndrome on the basis of tests performed during the
first and second trimesters [see comments]. New England
Journal of Medicine 1999; 341(7):461-7.

Copel JA, Bahado-Singh RO. Prenatal screening for Down'’s
syndrome—a search for the family’s values. New England
Journal of Medicine 1999; 341(7):521-2.

Krantz DA, Hallahan TW, Orlandi F, Buchanan P, Larsen JW, Jr,,
Macri JN. First-trimester Down syndrome screening using
dried blood biochemistry and nuchal translucency. Obstetrics
& Gynecology 2000; 96(2):207-13.

Wald NJ, Watt HC, Hackshaw AK. Integrated screening for
Down's syndrome on the basis of tests performed during the
first and second trimesters.[see comment]. New England
Journal of Medicine 1999; 341(7):461-7.

Wright DE, Bradbury |. Repeated measures screening for
Down’s syndrome. BJOG: An International Journal of
Obstetrics & Gynaecology 2005; 112(1):80-3.

Benacerraf BR, Barss VA, Laboda LA. A sonographic sign for
the detection in the second trimester of the fetus with Down's
syndrome. American Journal of Obstetrics & Gynecology
1985; 151(8):1078-9.

Nyberg DA, Souter VL, El-Bastawissi A, Young S, Luthhardt F,
Luthy DA. Isolated sonographic markers for detection of fetal
Down syndrome in the second trimester of pregnancy.
Journal of Ultrasound in Medicine 2001; 20(10):1053-63.
Bromley B, Lieberman E, Shipp TD, Benacerraf BR. The genetic
sonogram: a method of risk assessment for Down syndrome
in the second trimester. Journal of Ultrasound in Medicine
2002; 21(10):1087-96; quiz 1097-8.

Nicolaides KH. Screening for chromosomal defects.
Ultrasound in Obstetrics & Gynecology 2003; 21(4):313-21.
Prefumo F, Presti F, Thilaganathan B, Carvalho JS. Association
between increased nuchal translucency and second
trimester cardiac echogenic foci. Obstetrics & Gynecology
2003; 101(5 Pt 1):899-904.

Sotiriadis A, Makrydimas G, loannidis JP. Diagnostic
performance of intracardiac echogenic foci for Down
syndrome: a meta-analysis. Obstetrics & Gynecology 2003;
101(5 Pt 1):1009-16.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Drugan A, Johnson MP, Evans MI. Ultrasound screening for
fetal chromosome anomalies. American Journal of Medical
Genetics 2000; 90(2):98-107.

Wax JR, Cartin A, Pinette MG, Blackstone J. Are intracardiac
echogenic foci markers of congenital heart disease in the
fetus with chromosomal abnormalities? Journal of
Ultrasound in Medicine 2004; 23(7):895-8.

Coco C, Jeanty P. Karyotyping of fetuses with isolated choroid
plexus cysts is not justified in an unselected population.
Journal of Ultrasound in Medicine 2004; 23(7):899-906.
Smith-Bindman R, Hosmer W, Feldstein VA, Deeks JJ, Goldberg
JD. Second-trimester ultrasound to detect fetuses with Down
syndrome: a meta-analysis.[see comment]. JAMA 2001;
285(8):1044-55.

Anderson N, Jyoti R. Relationship of isolated fetal intracardiac
echogenic focus to trisomy 21 at the mid-trimester sonogram
in women younger than 35 years. Ultrasound in Obstetrics &
Gynecology 2003; 21(4):354-8.

Canick JA, Rish S. The accuracy of assigned risks in maternal
serum screening. Prenatal Diagnosis 1998; 18(4):413-5.
Maclachlan N, Iskaros J, Chitty L. Ultrasound markers of fetal
chromosomal abnormality: a survey of policies and practices
in UK maternity ultrasound departments. Ultrasound in
Obstetrics & Gynecology 2000; 15(5):387-90.

LeFevre ML, Bain RP, Ewigman BG, Frigoletto FD, Crane JP,
McNellis D. A randomized trial of prenatal ultrasonographic
screening: impact on maternal management and outcome.
RADIUS (Routine Antenatal Diagnostic Imaging with
Ultrasound) Study Group. American Journal of Obstetrics &
Gynecology 1993; 169(3):483-9.

Tabor A, Philip J, Madsen M, Bang J, Obel EB, Norgaard-
Pedersen B. Randomised controlled trial of genetic
amniocentesis in 4606 low-risk women. Lancet 1986;
1(8493):1287-93.

Wald NJ, Huttly WJ. Validation of risk estimation using the
quadruple test in prenatal screening for Down syndrome.
Prenatal Diagnosis 1999; 19(11):1083-4.

Author Information

FM Lai

Head, Antenatal Risk Assessment Unit
Department of Maternal Fetal Medicine
KK Women'’s and Children’s Hospital

Correspondence to:

Dr Lai Fon Min

Department of Maternal Fetal Medicine
KK Women'’s and Children’s Hospital
100 Bukit Timah Road

Singapore 229899

Tel: 63941001

Fax: 62910128

Email: Lai.Fon.Min@kkh.com.sg

KK Hospital Review Vol 09 Issue 1 ‘May 2006





