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The failure of screening studies based on maternal age to reduce
substantially the birth incidence of chromosomally abnormal babies
has stimulated the search for new methods of screening. In this paper
we review the latest literature on the two new approaches to screening
for fetal chromosomal abnormalities: maternal blood analysis and
examination of the fetal anatomy by ultrasound. Preliminary results
from maternal serum biochemistry screening indicate that detection of
trisomy 21 is significantly improved, and application of biochemical
testing may be expanded to the first trimester of pregnancy. Findings
from studies on the association between fetal malformations and
chromosomal abnormalities indicate that a high percentage of fetuses
with an abnormal karyotype can be detected by ultrasound. In order
to improve the detection rate and counsel parents appropriately,
prospective studies are needed to determine the sensitivity and
specificity of different markers in unselected populations of all ages.
Information from such studies will also help us to avoid unnecessary
anxiety and keep the fetal loss rate due to invasive procedures as low

as possible.\J’
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Chromosomal abnormalities are important causes of
perinatal death and childhood handicap. It is therefore
not surprising that a high risk of a cytogenetic disor-
der is the most common indication for invasive pre-
natal diagnosis. However, screening for fetal chromo-
somal abnormalities on the basis of maternal age has
not resulted in a substantial fall in the proportion of in-
fants born with an abnormal karyotype {1]. The main
reasons for this relative failure are that 1) less than 3%
of chromosomally abnormal pregnancies have any risk
factor that can be identified before conception, such as
parental translocation, 2) screening on the basis of ma-
ternal age will identify only about 30% of autosomal
trisomies [2°), and 3) there is poor uptake (generally
less than 50%) of invasive fetal testing among the at-risk
group [3]. Recently, two new approaches to screening
have been introduced. The first is based on maternal
blood analysis and the second on examination of the
fetal anatomy by ultrasound.

Maternal serum biochemistry

In the mid-1980s, investigators reported an associa-
tion between fetal trisomy 21 and low levels of ma-
ternal serum alpha-fetoprotein [4], high levels of hu-
man chorionic gonadotropin (hCG) {5], and low levels
of unconjugated estriol [6]. Subsequently, it was calcu-
lated that if the 5% of the population that should be
offered amniocentesis were selected not only on the
basis of maternal age but also on the levels of alpha-
fetoprotein, unconjugated estriol, and hCG, 60% rather
than 30% of fetuses with trisomy 21 would be identi-
fied [7). A recent review of biochemical screening dis-
cussed the role of pregnancy dating by ultrasound and
the effects of maternal weight, multiple pregnancy, and
insulin-dependent diabetes mellitus [8*). The authors
also discussed the controversy concerning the contri-
bution of unconjugated estriol.

Abbreviation
CA-125—cancer antigen-125; hCG—human chorionic gonadotropin.
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Prospective studies

Three prospective studies involving a total of more
than 47,000 pregnancies [9**~11**] have confirmed the
effectiveness of screening based on maternal age and
the three serum markers at 15 to 22 weeks’ gestation
(Table 1). The detection rates for trisomy 21 were 48%
to 58% with false-positive rates of 3.2% to 4.1%. The
thresholds for positive results on screening were dif-
ferent in each study. Two studies included women of
all ages [9**,10**], whereas one included only women
under 35 years of age [11°*].

In all patients with a positive result on screening, an
ultrasound scan was performed and the pregnancy dat-
ing revised. Consequently 28% to 55% of the cases
were reclassified as negative on screening; in this
group, at least three women had trisomic fetuses. Wald
et al. [9**] now recommend that correct dating of the
pregnancy always be undertaken before biochemical
screening.

One important finding in the study by Wald et al. (9°*]
was that the detection rate for trisomy 21 in the women
under 37 years of age was 39%, whereas in those 37
years of age or more, it was 71%. Similarly, in a ret-
rospective study of 142 pregnancies in which the fe-
tuses were trisomic, the combination of maternal age
and serum alpha-fetoprotein level was a more effec-
tive indicator for fetal trisomy in older than in younger
women [2°]

New serum markers

Hogdall et al. [12] reported increased maternal serum
cancer antigen-125 (CA-125) in 15 pregnancies in
which the fetus has Down syndrome, as compared
with 60 normal control pregnancies and suggested that
CA-125 should be included as a potential marker in
future trials. In contrast, Spencer [13*] examined 25
pregnancies in which the fetus has Down syndrome
and 125 control pregnancies and concluded that ma-
ternal serum CA-125 is not a second trimester marker
for Down syndrome. Spencer and Macri [14°] examined
23 pregnancies in which the fetus had Down syndrome
and reported that a combination of free f-hCG, alpha-
fetoprotein, and maternal age could detect 65% of the

cases. Cuckle and Lilford {15] measured maternal serum
pregnancy-associated plasma protein A concentrations
in 18 pregnancies in which the fetus had Down syn-
drome at 15 1o 20 weeks’ gestation. The authors found
no significant difference from the concentrations in 90
matched normal control pregnancies.

Other chromosomal abnormalities

Greenberg et al. [16°] reported on pregnancies with
trisomy 18 and without open neural tube or ventral
wall defects. The multiples of the median of alpha-
fetoprotein, unconjugated estriol, and hCG were 0.65,
0.56, and 0.32, respectively. However, in some of the
cases the levels of alpha-fetoprotein or hCG, or both
were markedly increased. Therefore, when prospective
screening is undertaken, the possibility of a bimodal
distribution of alpha-fetoprotein and hCG levels should
be considered.

Staples et al. [17°], in a study of 12 fetuses with tri-
somy 18 at 16 to 21 weeks’ gestation and 390 normal
control fetuses, reported that in the trisomic pregnan-
cies decreased levels of all placental hormones existed,
but the most powerful indicators for trisomy 18 were
free B-hCG and unconjugated estriol. The authors used
algorithms incorporating maternal age and several of
the placental hormones to calculate a detection rate of
67%, with a false-positive rate of 3% for a maternal risk
of 1:300. It should be noted, however, that on the ba-
sis of data provided on the trisomic fetuses, at least as
many of them could have been detected by ultrasound
because they had major malformations.

Saller et al. [18°] published an interesting study on sec-
ond trimester serum markers in pregnancies in which
the fetus has Turner's syndrome. They divided them
into two groups: those with and those without hydrops.
Although unconjugated estriol was markedly reduced
(0.48 multiples of the median) in both hydropic and
nonhydropic fetuses, hCG was increased in the hy-
dropic group (3.84 multiples of the median), and de-
creased in the nonhydropic ones (0.52 multiples of
the median). Pregnancies with hydropic fetuses with
Turner’s syndrome may therefore be detected as being
at high risk for trisomy 21, whereas pregnancies with

Table 1. Prospective studies examining the value of maternal serum triple biochemistry testing during the second trimester of pregnancy

Initially Screen After Acceptance
Maternal Risk Detection False Odds of being  Cut-off for screen positive redating rates for
Patients, age, cut-off rate, positive,  affected with a redating, positive, redated, screen invasive
Study n v (%) level % (n} % positive result d* n (%) % positive, 11 (%) testing, %
Wald et al. [9°*) 12,603 237(4.8) 1:2501 48 (12/25)* 4.11 1:43% 217 731(5.8) 28 526(4.2) 75
Haddow et al. {10°®] 25,207 237(2.0) 1:190% 58 (21/36) 3.8 1:45 210 1661(6.6) 42 962(3.8) 79
>35(4.9) B
Phillips et af. [11*®] 9530 235(0.0} 1:2748 57(4/7) 32 1:76 210 686(7.2) S5 30703.2) 70

“Discrepancy in gestation from ultrasonographic findings and last menstural period.
TAt term.

odds of being affected = 1:25.
§Second trimester.

fWomen < 37 years old: detection rate = 39%, false positive rate = 3.3%, odds of being affected = 1:56. Women 237 years old: detection rate =71%, false positive rate = 20%,
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nonhydropic fetuses with Turner's syndrome will ap-
pear at high risk for trisomy 18. The authors suggest
that the morphologic defect of hydrops, rather than the
aneuploidy itself, may be responsible for the elevated
hCG levels.

Kaffe and Hsu {19°) compared three different study
groups referred for amniocentesis. The indications
were low levels of maternal serum alpha-fetoprotein,
(n=1098), high levels of alpha-protein (n=45), and
“maternal anxiety” between 30 and 33 years of age
(n=361). The overall frequency of chromosome anom-
alies was similar in the group with low alpha-fetopro-
tein (1.27%) and the maternal anxiety group (1.38%).
A relatively higher frequency (2.02%) was found in the
group with high alpha-fetoprotein. Comparing patients
of the same age (30 to 33 years) showed only small
and not significant differences between the group with
low levels of alpha-fetoprotein (1.97%) and the anx-
iety group (1.38%). The highest incidence of trisomy
21 was found in low alpha-fetoprotein group, whereas
the highest incidence of other anomalies was found in
the high alpha-fetoprotein group. As there is no good
correlation between alpha-fetoprotein levels and chro-
mosomal anomalies other than trisomy 21, the authors
conclude that accessibility to amniocentesis rather than
alpha-fetoprotein screening would lead to the detec-
tion of other chromosomal anomalies and therefore
recommend lowering the maternal age limit for amnio-
centesis to 30 years.

First trimester serum markers
Recent interest has focused on possible biochemical
markers for detection of chromosomal abnormal fe-

tuses during the first trimester of pregnancy (Table
2). In pregnancies complicated by trisomy 21, levels
of maternal serum alpha-fetoprotein and unconjugated
estriol appear to be decreased, total hCG level is nor-
mal and free B-hCG level is increased. In the presence
of trisomies 18 and 13, alpha-fetoprotein and unconju-
gated estriol levels are normal and both total and free
B-hCG levels are decreased [20%,21°,22). There are con-
tradictory results concerning maternal serum CA-125.
One study reports decreased levels (23] and another
study reports increased levels in trisomy 21-affected
pregnancies [12]. Maternal serum pregnancy-associated
plasma protein A is markedly reduced in pregnancies
in which the fetus has Down syndrome [24°}; 12 of 19
affected cases had values below the 10th percentile. In
contrast, there was no significant difference between
maternal serumn placental protein 14 levels in affected
pregnancies as compared with normal pregnancies. As
pregnancy-associated plasma protein A was found to
increase strikingly over the period of 6 to 12 weeks’
gestation, accurate dating of pregnancy will be neces-
sary if this serum marker is to be used as a first trimester
screening test [25].

Ultrasound examination of fetal
morphology

Most fetuses with major cytogenetic abnormalities have
either external or internal defects [26] that can be rec-
ognized by detailed ultrasonographic examination. Al-
though many of the ultrasound markers for chromoso-
mal abnormalities are major defects, which are easily

Table 2. The value of maternal serum biochemistry testing during the first trimester of pregnancy
Chromosomal  Patients, Gestational Serum Multiples of Difference
Study abnormality n age, wk  marker the median  from controls
van Lith et al. (23] Trisomy 21 9 9-10 CA-125 0.39 Significantly lower
Hogdall et al. [12] Trisomy 21 14 8-12 CA-125 ? Significantly higher
Crandall et al, [20°] Trisomy 21 10 9-12 AFP 0.75 Significantly lower
u; 0.73 Significantly lower
Trisomy 18 7 AFP 1.10 Not significant
uk; 1.10 Not significant
Johnson et al. (21°] Trisomy 21 11 8-12 AFP 0.67 Significantly lower
hCG 0.91 Not significant
Trisomy 18 7 AFP 1.30 Not significant
hCG 0.32 Significantly lower
Trisomy 13 5 AFP 0.50 Not significant
‘ hCG 0.65 Significantly lower
Spencer et al. {22] Trisomy 21 13 7-13 Free BhCG 1.85 Significantly higher
Trisomy 18 5 : Free BhCG 0.17  ° Significantly lower
Wald et al. [24°] Trisomy 21 19 9-12 PAPP-A 0.23 Significantly lower
PP 14 0.93 Not significant
AFP—alpha-fetoprotein; BhCG—B-human chorionic gonadotropin; CA-125—cancer antigen-125; hCG—human chorionic
gonadotropin; PAPP-A—pregnancy-associated plasma protein A; PP14—placental protein-14; uE3—unconjugated estriol.
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detected at routine examination, others are more sub-
tle and need to be specifically sought out. Therefore,
before undertaking any study on the possible effective-
ness of ultrasonography in screening for fetal chromo-
somal abnormalities, it is essential to establish the types
of chromosomal abnormalities associated with a given
malformation and the ultrasonographically detectable
phenotypic expression of the different types of chro-
mosomal abnormalities.

In a study of 2086 fetuses where prenatal karyotyp-
ing was undertaken after ultrasonographic examina-
tion had revealed fetal malformations, growth retar-
dation, or both, chromosomal abnormalities were de-
tected in 301 (14%) cases [27°°). Table 3 provides data
on the incidence of different types of chromosomal
abnormalities for the commonest defects. The com-
monest chromosomal abnormality was trisomy 18, fol-
lowed by trisomy 21, triploidy, Turner’s syndrome, un-
balanced chromosomal rearrangements, and trisomy
13. Trisomy 18 was associated with strawberry-shaped
head, choroid plexus cysts, facial cleft, micrognathia,
heart defects, exomphalos, malformations of the hands

and feet, and growth retardation. In fetuses with
trisomy 13, defects included holoprosencephaly, fa-
cial cleft, cardiac defects, hydronephrosis, polydactyly,
overlapping fingers, and talipes. In cases of trisomy
21, the associated defects were often more subtle and
included nuchal edema, macroglossia, atrioventricu-
lar septal defects, mild hydronephrosis, sandal gap,
and clinodactyly. Turner’s syndrome was frequently
associated with nuchal cystic hygromata, generalized
edema, brachycephaly, and cardiac defects. Triploidy
was characterized by early-onset, severe asymmetrical
growth retardation, ventriculomegaly, and syndactyly;
molar placenta was found in only six of the 42 cases.

Chromosomal abnormalities were more common
among fetuses with multisystem malformations (29%)
than those with isolated defects (2%); the risk increased
with the number of defects, and was 95% when more
than eight defects were present. The frequency of chro-
mosomal abnormalities increased with maternal age,
but if fetal karyotyping had been restricted to mothers
more than 35 years of age, large proportions of chro-
mosomally abnormal fetuses would not have been di-
agnosed prenatally (64% to 7%).

Table 3. Gestation at referral and frequency of chromosomal abnormalities for ultrasonographically detectable
fetal malformations and growth retardation’
Patients with chromosome Chromosomal abnormalities
abnormality/total with
Median (range) defect, n(%) Trisomy
gestation at Turner’s
Defect referral, wk isolated? Multiple 21 18 13  Triploidy syndrome Othert
Brachycephaly 23 (17-38) — 43/114 (38) 7 19 5 3 8 i
Strawberry-shaped head 24 (16-39) — 44/54 (82) - 43 1 — —
Microcephaly 22 (18-37) oNn 8/51 (16) 1 1 3 — — 3
Ventriculomegaly 23 (16-38) 2/42 40/144 (28) 7 12 3 12 3 5
Holoprosencephaly 22 (17-36) 0/7 15/51 (29) — 3 1 — — 1
Choroid plexus cyst 21 (16-38) 1/49 33/72 (46) 2 30 1 — — 1
Posterior fossa cyst 22 (16-38) on 21/44 (48) — 8 6 3 — 4
Facial cleft 22 (17-37) 0/8 31/56 (55) 1 10 15 1 — 4
Micrognathia 23017-37) — 37/56 (66) — 21 3 9 - 4
Macroglossia 24 (20-37) p— 10/13 (77) 9 — - —_ — 1
Nuchal edema 21 (16-38) 0/12 53/132 (40) 31 5 7 2 3 5
Cystic hygromata 19 (16-35) 0/4 35/48 (73) 1 1 — — 33 —
Hydrops 26 (16-39) 7/104 18/106 (17) 14 1 2 2 2 4
Diaphragmatic hernia 21 (17-38) 0/38 17/41 (41) — 10 2 1 — 4
Heart defect 23 (17-39) 0/4 101/152 (66) 21 37 14 4 16 9
Exomphalos 21 (16-39) 1/30 41/86 (48) — 32 7 1 — 2
Duodenal atresia 32 (20-36) 1/6 9/17 (53) 0 — — — — —
Esophageal atresia 27 (20-37) 01 18/23 (78) 1 17 — — — _
Renal defects 22 (16—40) 9/482 87/360 (24) 23 25 20 5 8 15
Abnormal extremities 23 (16-40) 0/18 195/457 (43) 35 71 21 38 8
Growth retardation 28 (17-39) 4/251 133/424 (31) 13 48 15 40 9 12
*From Nicolaides [27*®]; with permission.
1 trisomy 8, 9 trisomy 21, 2 trisomy 22; 1 duplication marker; 1 each deletion of 2q, 3p, and 5p, 4 deletions of 4p;
unbalanced translocations (1;1) and (11;12): 2 Turner’s syndrome; 2 47XXY, 1 47XYY.
1 trisomy 8, 2 each trisomies 9 and 22; 2 isochromosome 12p; 1 each duplications 4q, 11p, marker; 1 each deletion
of 3p, 5p, 50, 6p, 7q, 8a, 8p, 9p, 13q, 14q, 21q, 3 deletions of 2q and S of 4p; unbalanced translocations (1;1), (11;12),
(4;15), and (17;19); 3 47XXY; 2 47XYY.
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The value of isolated markers

There is continuing controversy surrounding the pos-
sible significance of apparently isolated defects such
as choroid plexus cysts and pyelectasis [28%,29°%). One
possible explanation for this controversy is that the
populations examined by various authors may differ in
the incidence of chromosomal abnormalities caused by
factors like maternal age. It is therefore necessary to es-
tablish by large prospective studies the exact maternal
age—independent risk for chromosomal abnormalities
of the various isolated defects.

Corteville et al. [29*°], examined 5944 fetuses and noted
pyelectasis in 17.4% (4 of 23) of those with Down syn-
drome and in 2% (120 of 5876) of the normal fetuses.
The predictive value of 1:90 compared favorably with
other accepted indications for karyotyping, but after
exclusion of fetuses with concomitant sonographic ab-
normalities the predictive value of isolated pelvic di-
latation fell to 1.340. Therefore, the authors recom-
mend that karyotyping should be done only in those
cases in which other risk factors, such as advanced ma-
ternal age, low maternal serum alpha-fetoprotein, or
additional sonographic abnormalities are present.

New ultrasound markers

In a study of 33 fetuses with cisterna magna measuring
10 mm or more at 16 to 38 weeks’ gestation, 18 (55%)
had chromosomal abnormalities, mainly trisomies 18
or 13 [30°). The risk for chromosomal abnormalities
was much higher in fetuses with multisystem malfor-
mations and in those for whom the enlarged cisterna
magna was not associated with lateral cerebral ven-
triculomegaly.

Frontothalamic distance is measured from the inner
table of the frontal bone to the posterior thalamus. In a
study of 19 fetuses with Down syndrome and 125 nor-
mal control fetuses at 16 to 21 weeks’ gestation, the
frontothalamic distance to biparietal diameter ratio was
significantly lower in the fetuses with Down syndrome
[31°]. When the observed-to-expected ratio was 0.84 or
less, the positive predictive value was 1.2% for a pop-
ulation with a 0.37% risk for Down syndrome; the sen-
sitivity and specificity were 21% and 95%, respectively.

In some fetuses with trisomy 18 there is a characteristic
flattening of the occiput and narrowing of the frontal
part of the head known as strawberry-shaped head that
is best seen in the suboccipital-bregmatic view of the
head. The narrow bifrontal region may be due to hy-
poplasia of the face and frontal cerebral lobes; flatten-
ing of the occiput may be due to hypoplasia of the
hindbrain. In a series of 54 fetuses with strawberry-
shaped head, all had additional malformations and 43
(80%) had trisomy 18 [32°).

Nyberg et al. [33] described an association between
chromosomal abnormalities and echogenic bowel,
which was present in 7% of second trimester fetuses

with Down syndrome. Scioscia et al. [34*] karyotyped
19 fetuses with echogenic bowel at 15 to 26 weeks’ ges-
tation finding trisomy 21 in five and trisomy 18 in one
(32%). However, in four of the chromosomally abnor-
mal fetuses there were additional malformations, and
in five of the cases there was advanced maternal age
or low maternal serum alpha-fetoprotein. Dicke and
Crane [35°] found a chromosomal abnormality (trisomy
18) in only one of the 30 cases they studies (3.3%). In
this case additional malformations were present.

In a postmortem study of fetuses with Down syn-
drome, FitzSimmons et al. [30] reported that shorten-
ing of the long bones in the upper extremity was more
pronounced than that of long bones in the lower ex-
tremity. Two studies [37¢,38°] that evaluated the utility
of ultrasonographic measurements of the humerus at
15 to 22 weeks’ gestation for detection of Down syn-
drome reached different conclusions. Rodis et al. [37°]
found retrospectively that in five of 11 cases of trisomy
21 the humerus length versus biparietal diameter was
below the 5th percentile of their reference range. In
contrast, Rotmensch et al. [38°] found shortening of the
humerus in only one of 43 fetuses with Down syn-
drome. Humerus length versus gestational age below
the Sth percentile yielded a 64% sensitivity and a posi-
tive predictive value of 6.8% in the first study, whereas
a ratio of 0.90 for observed-to-expected humeral length
yielded a sensitivity of 28% and a positive predictive
value of 1.23% in the second study. The variability of
different measurement techniques, ultrasound equip-
ment, operator experience, and the use of different dis-
criminators as well as considerable overlap of actual
long bone lengths between fetuses with Down syn-
drome and unaffected fetuses may be responsible for
such different results and restrict their utility.

First trimester ultrasound markers

Recent publications have suggested a possible associ-
ation between abnormal nuchal fluid and chromoso-
mal abnormalities in the first trimester of pregnancy
(Table 4). One prospective study involved 827 women
with singleton pregnancies undergoing first trimester
fetal karyotyping because of advanced maternal age,
parental anxiety, or family history of a chromoso-
mal abnormality in the absence of balanced parental
translocation [51**]. Transabdominal ultrasound exami-
nation was performed to obtain a sagittal section of the
fetus for measurement of the maximum thickness of
the subcutaneous translucency between the skin and
the soft tissue overlying the cervical spine. The in-
cidence of chromosomal defects was 3% (28 of 827
cases). In the 51 (6%) fetuses with nuchal translucency
of 3 to 8 mm in thickness, the incidence of chromoso-
mal defects was 35% (18 cases). In contrast, only 10 of
the remaining 776 (1%) fetuses were chromosomally
abnormal. This screening study therefore established
that:

1) The presence of fetal nuchal translucency of 3
mm or more is associated with a more than tenfold
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increase and absence of translucency, with a three-
fold decrease in risk for chromosomal abnormality;

2) The risk of chromosomal abnormalities increases
with increasing thickness of the nuchal translu-
cency;

3) The pattern of associated chromosomal defects,
trisomies rather than Turner's syndrome, is similar
to that observed in second trimester fetuses with
nuchal edema rather than with cystic hygromata;
and

4) The sensitivity of the test for trisomy 21 is more
than 75%, and the incidence of nuchal translucency
of 3 mm or more in chromosomally normal fetuses
is approximately 4%.

In a study of 25 chromosomally abnormal fetuses the
crown-rump length at 9 to 12 weeks was not signifi-
cantly different from that of 500 normal control fetuses
(5341.

Conclusions

The failure of screening studies based on maternal age
to reduce substantially the birth incidence of chromo-

somally abnormal neonates has stimulated the search
for new methods of screening. It appears that the com-
bination of maternal age and serum biochemistry has
better sensitivity in the detection of trisomy 21. Al-
though the importance of this finding must not be un-
derestimated, very little attention has yet been given
to the potential consequences of widespread introduc-
tion of maternal serum biochemistry screening, includ-
ing the need for new approaches to counseling both
young and older women, the implications of replac-
ing screening for all chromosomal abnormalities with
that for just trisomy 21, and the late diagnosis with this
method at a time when use of first trimester amniocen-
tesis or chorionic villus sampling is increasing. Some
of these issues may be resolved by the discovery that
altered maternal biochemistry is found in other chro-
mosomal abnormalities and during the first trimester of

pregnancy.

The incidence of chromosomal abnormalities for ul-
trasonographically detectable fetal malformations or
growth retardation or both is much higher than the
incidence reported in screening studies based on ad-
vanced maternal age or maternal serum biochemistry.
However, there are no prospective studies on the sen-
sitivity of second trimester ultrasound screening for
chromosomal defects in unselected populations. Al-
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Table 4. Summary of reported series on first trimester fetal nuchal edema or cystic hygromata providing data on
the presence of associated chromosomal defects
Abnormal karyotype

Cestation, Total, Total,  Turner’s Trimsomy
Study wk n n (%) syndrome 13 18 21 Others
Gustavii and Edvall [39] 12 1
Dallapiccola et al. {40] 12 1
Reuss et al. [41] 12 1 1 (100) i
Reuss et al. [42] 10 1
Pons et al. (43] 11-14 4 4 (100) 1 3
Bronshtein et al. [44] 11-12 2 1 (50) 1
Cullen et al. [45] 11-13 29 15 {52) 4 2 6 3*
Szabo and Gellen [46] 11-12 8 7 (88) 7
Hill et al. [47] 13-14 2 2 (100) 2
Shulman et al. (48°] 10-13 32 15 (47) 4 3 4 4
van Zalen-Sprock et al. [49°] 10-14 18 5(28) 1 3 1t
Schulte-Vallentin and 10-14 8 7 (88) 7

Schindler [50]

Nicolaides et al. [51°°] 10-13 51 18 (35) 2 4 10 2t
Ville et al. [52°] 9-14 85 24 (28) 4 1 9 9 1%
Total 10-14 243 99 (41) 14 6 25 47 7
"47XY + 15/46XX, 49XXXXY, 47XX-21 +der (21)t(18q,;21p).
t45X-15 +der (15) +t(Y;15).
47 XY + fragment, trisomy 22.
§47XXX.
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though there is a rapidly increasing list of subtle de-
viations from normality in anatomy and measurements
in fetuses with Down syndrome the incidence of these
markers is quite high (1% to 5%) and the positive pre-
dictive value is around 1%. The implications in terms
of parental anxiety, risk of fetal death or damage, and
economic cost of invasive testing remain to be dis-
cussed.

The implementation of maternal serum biochemistry
screening requires accurate dating of pregnancies by
ultrasonography. When such a scan is undertaken at 10
to 14 weeks' gestation, the presence of nuchal translu-
cency may well prove to be the most efficient method
of screening for all major trisomies. Ultrasonography
allows examination of the fetus and diagnosis of fetal
disease, whereas measurement of maternal parameters
provides only an indirect diagnosis of fetal abnormal-

ity.
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