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Ultrasonographically detectable markers of
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Most fetuses with major cytogenetic abnormalities have
either external or internal defects!, which can be recog-
nized by detailed ultrasonographic examination. Since it
is now well accepted that such a detailed ultrasound
examination should be offered routinely to all pregnant
women?, it is very likely that ultrasonography will con-
stitute the most effective method of screening for chro-
mosomal abnormalities.

This article reviews the incidence of chromosomal
abnormalities in a wide range of fetal malformations and
the phenotypic expression of the different types of
chromosomal abnormalities in prenatal ultrasono-
graphic studies.

BRAIN ABNORMALITIES
Ventriculomegaly

Several reports on fetal hydrocephalus have established
an association with chromosomal defects (Table 1)*'°.
However, many of these studies included other brain
abnormalities, such as holoprosencephaly or poren-

cephalic cysts, and they did not provide data on the
presence of other system malformations. Nevertheless, in
a study of 105 fetuses with lateral cerebral ven-
triculomegaly, excluding those where the hydrocephalus
was due to spina bifida, abnormal karyotypes were found
in two of 42 (5%) with isolated ventriculomegaly and in
40 of 144 (28%) of those with additional malformations
(Table 2)'%, In the chromosomally abnormal fetuses,
there was a tendency for the degree of ventriculomegaly
to be mild (Figure 1)!2

Holoprosencephaly

Fetal holoprosencephaly is associated with a high inci-
dence of other morphological and chromosomal defects,
mainly trisomy 13 (Table 3)'**. The incidence of chro-
mosomal abnormalities is strongly related to the presence
of multisystem malformations. Thus, in one series, chro-
mosomal defects were found in 12 of 26 (46%) fetuses
with holoprosencephaly and extrafacial defects but in
none of the 23 where the holoprosencephaly was either
isolated or it was associated with facial defects only®.

Table 1 Summary of reports on antenatally diagnosed hydrocephalus providing data on the presence of other defects. Under
abnormal karyotype, data are provided, where possible, only for cases without holoprosencephaly

Other defects
Author n Total (%) Holoprosencephaly (%) Neural tube defects (%)  Abnormal karyotype (%)
Chervenak et al’ 53 44 (83) — 15 (28) 4/
Cochrane et al.* 41 32 (78) 3(D 15 (37) 17
Pretorius et al.’ 40 28 (70) 1(3) 13 (33) 207 (29)
Pilu ez al.® 30 9 (30) — — 3/30 (10)
Serlo et al’ 38 32 (84) 13) — 4/?
Nyberg et al® 61 51 (84) 13 2D 23 (38) 2/21 (10)
Vintzileos et al.’ 20 16 (70) 1(5 6 (30) 2/19 (11)
Hudgins et al.'® 47 35 (74) 15 (32) — 1/47 (2)
Drugan et al.!! 43 31 (72) 3(9) 18 (42) 5/19 (26)
Nicolaides et al.'** 267 209 (78) — 184 (67) 12/64 (19)
Bromley et al.'? 44 17 (39) — 3(18) 5/12 (42)
Anhoury et al." 85 46 (54) — 2 (48) 6/33 (18)
Brummfield er al.'’ 24 — — — 3/24 (13)
Nicolaides et al.'® 186 144 (77) — — 42/186 (23)

*Cases included in Nicolaides er al.'®, with permission
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Fetal chromosomal defects Nicolaides et al.

Table 2 Gestation at referral and incidence of chrcl)gnosomal abnormalities for ultrasonographically detectable fetal malformations
and/or growth retardation. From Nicolaides ez al.””, reproduced with permission

Gestation at Number with chromosomal Chromosomal abnormalities
referral abnormality/
(weeks) total with defect (%) Trisomy
Median Range  TIsolated (%0)* Multiple (%) 21 18 13 Triploidy Turner Other'
Brachycephaly 23 17-38 — 43/114 (38) 7 19 5 3 8 1
Strawberry-shaped head 24 16-39 — 44/54 (82) — 43 — 1 — —
Microcephaly 22 18-37 —/1 8/51 (16) 1 1 3 — — 3
Ventriculomegaly 23 16-38 2/42 (5) 40/144 (28) 7 12 3 12 3 5
Holoprosencephaly 22 17-36 —/7 15/51 (29) — 3 11 — — 1
Choroid plexus cyst 21 16-38 1/49 (2) 33/72 (46) 2 30 1 — — 1
Posterior fossa cyst 22 16-38 —/1 21/44 (48) — 8 6 3 — 4
Facial cleft 22 17-37 —/8 31/56 (55) 1 10 15 1 — 4
Micrognathia 23 17-37 — 37/56 (66) — 21 3 9 — 4
Macroglossia 24 20-37 - 10/13 (77) 9 — — — — 1
Nuchal edema 21 16-38 —/12 53/132 (40) 31 5 7 2 3 5
Cystic hygromata 19 16-35 —/4 35/48 (73) 1 1 — — 33 —
Hydrops 26 16-39 7/104 (7) 18/106 (17) 14 1 2 2 2 4
Diaphragmatic hernia 21 17-38 —/38 17/41 (41) — 10 2 1 — 4
Heart defect 23 17-39 —/4 101/152 (66) 21 37 14 4 16 9
Exomphalos 21 16-39 1/30 (3) 41/86 (48) — 32 7 1 — 2
Duodenal atresia 32 20-36 1/6 (17) 9/17 (53) 10 — — — — —
Esophageal atresia 27 20-37 —/1 18/23 (78) 1 17 — — — —
Renal defects 22 16-40 9/482 (2) 87/360 (24) 23 25 20 5 8 15
Abnormal extremities 23 16-40 —/18 195/457 (43) 35 71 21 38 22 8
Growth retardation 28 17-39 4/251 (2) 133/424 (31) 13 48 15 40 9 12

*Trisomies: 8 (n = 1), 21 (n =9) and 22 (n = 2); duplication marker (# = 1); deletions: 2q (r = 1), 3p (n=1), 4p (n =4) and 5p
(n = 1); unbalanced translocations: (1;1) and (11;12); Turner’s syndrome (n = 2, one mosaic), 47,XXY (n = 2), 47.XYY (n=1)

MTrisomies: 8(n = 1), 9 (2 = 2) and 22 (n = 2), isochromosome 12p (n = 2); duplications: 4q (n = 1), 11p (n = 1) and marker (n = 1);
deletions: 2q (n=3), 3p(n=1), 4p (n=35),5p (n=1), 5q(n=1), 6p(n=1),7q (n=1),8q 1=1),8p (n=1), 9p (n=1), 13q
(n=1), 14q (n = 1), and 21q (n = 1); unbalanced translocations: (1;1), (11;12), (4;15), and (17;19); 47,XXY (n = 3); 47.XYY (n = 2)
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Figure 1 Anterior (a) and posterior (b) lateral cerebral ventricle : hemisphere ratio in 64 fetuses with ventriculomegaly that were
karyotyped antenatally, plotted on the appropriate reference range (mean, 5th and 95th centiles) for gestation. The chromosomally
abnormal fetuses () tended to have mild ventriculomegaly

Microcephaly Choroid plexus cysts

In a series of 2086 fetuses that were karyotyped because  Several reports have documented the association between
of fetal malformations or growth retardation, micro-  choroid plexus cysts and chromosomal abnormalities,
cephaly defined by head circumference to femur length ~ mainly trisomy 18 (Table 4)'*. In the vast majority
ratio < 2.5th centile was diagnosed in 52 cases and eight  of cases, the chromosomally abnormal fetuses had addi-
(16%) were chromosomally abnormal (Table 2)'S. tional malformations. However, there are cases in which
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the cysts were the only antenatal finding, and at present
there is considerable controversy as to whether fetal
karyotyping should be undertaken for apparently iso-
lated choroid plexus cysts??31:32,

Absent corpus callosum

A small number of case reports have established an
association of agenesis of the corpus callosum and
trisomies 8, 13, 18 and triploidy***. In the largest
prenatal series, Bertino and colleagues found trisomy 8
in one of five fetuses®.

Short frontal lobe

Frontothalamic distance is measured from the inner table
of the frontal bone to the posterior thalamus. In a study
of 19 trisomy 21 fetuses and 125 normal controls at 16-21
weeks’ gestation, the frontothalamic distance to bi-
parietal diameter ratio was significantly lower in the
trisomic fetuses. When the observed to expected
ratio was < 0.84, the positive predictive value was 1.2%
for a population with a 0.37% risk for trisomy 21; the
sensitivity and specificity were 21% and 95%, respec-
tively?®.

Posterior fossa abnormalities

In a series of 46 fetuses with posterior fossa cysts, 45 had
additional defects, and 20 (43%) had chromosomal ab-
normalities, mainly trisomies 18 and 13 (Table 2)'.
Nyberg and colleagues®’ examined 33 fetuses with en-
larged cisterna magna (= 10 mm) at 16-38 weeks’ gesta-
tion and 18 (55%) had chromosomal abnormalities,
mainly trisomies 18 and 13. The risk for chromosomal
abnormalities was much higher in fetuses with multisys-
tem malformations and in those where the enlarged
cisterna magna was not associated with lateral cerebral
ventriculomegaly. In contrast, Watson and colleagues®,
in a study of 585 fetuses undergoing karyotyping at 14-21

Nicolaides et al.

weeks’ gestation, found no significant difference in mean
cisterna magna diameter of the 28 chromosomally ab-
normal fetuses from those with a normal karyotype.

ABNORMALITIES OF THE SHAPE OF THE
SKULL

Strawberry skull

In some fetuses with trisomy 18, there is a characteristic
shape of the head that is best seen in the suboccipito-
bregmatic view. There is flattening of the occiput and
narrowing of the frontal part of the head. The most likely
explanation for the narrow frontal region is hypoplasia
of the face and frontal cerebral lobes. Similarly, flatten-
ing of the occiput may be due to hypoplasia of the
hindbrain. In a series of 54 fetuses with strawberry-
shaped head, they all had additional malformations and
44 (81%) had chromosomal abnormalities®.

Brachycephaly

In postnatal life it is well recognized that children with
trisomy 21 have brachycephaly. In a prenatal study,
however, Perry and colleagues* found no difference in
the mean cephalic index between eight second-trimester
fetuses with trisomy 21 and 308 normal fetuses. Similarly,
Shah and colleagues*' found no significant difference in

Table 3 Summary of major series on antenatally diagnosed
holoprosencephaly providing data on the presence of associated
malformations and chromosomal defects

Other defects Abnormal
Author n Facial  Extrafacial karyotype
Filly et al.V’ 5 — — 1?7
Chervenak et al'® 7 — 1 4/7
Nyberg et al.’ 14 3 4 6/11
Berry et al.%* 49 14 26 12/49
Nicolaides et al?! 58 — — 15/58

*Cases included in Nicolaides et al.'®, with permission

Table 4 Summary of reports providing data on antenatal karyotyping for fetal choroid plexus cysts. Several reports have established
that the incidence of choroid plexus cysts is 1-2% at 16-18 weeks’ gestation and in thousands of cases there were no other defects.

However, these studies did not undertake fetal karyotyping

Abnormal karyotypes
Incidences Types
Trisomy

Author Total Isolated  + Other defects 13 18 21 Other
Nicolaides et al.?! 3/4 — 3/4 — 3 — —
Ricketts et al.?? 1/4 0/3 11 — — 1 —
Chitkara et al. 1/30 0/27 1/3 — 1 — —
Gabrielli et al** 4/65 0/60 4/5 — 4 — —
Thorpe-Beeston et al.>>* 20/46 0/12 20/34 1 16 — 3
Achiron et al* 2/16 1/15 11 — 2 — —
Twinning et al.”’ 2/3 — 2/3 — 1 1 —
Platt et al.® 4/62 07? 4/? — 3 1 —
Perpignano et al”® 6/83 5/? 1? — 4 1 1
Rotmensch ef al.®® 1 1/1 — — — 1 —
Nicolaides et al.'® 34/121 1/49 33/72 1 30 2 1

*Cases included in Nicolaides et al.'%, with permission
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the biparietal diameter, occipitofrontal diameter or
cephalic index between 17 fetuses with trisomy 21 at
15-23 weeks’ gestation and 17 matched controls. In our
series of 114 fetuses with brachycephaly (biparietal to
occipitofrontal diameter ratio > 97.5th centile), 43 had
chromosomal abnormalities, including trisomies 13, 18
and 21, triploidy and Turner’s syndrome (Table 2)'°,
However, in our total series of 69 fetuses with trisomy 21
and 231 fetuses with other chromosomal abnormalities,
90% and 84%, respectively had a biparietal to occipito-
frontal diameter ratio < 97.5th centile.

FACIAL DEFECTS
Facial cleft

Postnatally, chromosomal abnormalities are found in less
than 1% of babies with facial clefts*>. However, in two
prenatal series, the incidence of chromosomal abnormali-
ties, mainly trisomies 13 and 18, was four of ten and 31
of 64 (48%), respectively®*. In all chromosomally ab-
normal fetuses, there were additional malformations.

Ocular and nasal abnormalities

A variety of eye abnormalities, such as hypotelorism and
cyclopia, and nasal defects, such as nasal aplasia or
hypoplasia, single nostril, or proboscis, are often seen
in the presence of holoprosencephaly. Although all
chromosomally abnormal fetuses with holoprosen-
cephaly have extracraniofacial defects, the risk for chro-
mosomal abnormalities increases if facial defects are also
present*,

Nicolaides et al.

Macroglossia

Postnatally, macroglossia is a common feature of trisomy
21. Antenatally, an enlarged tongue protruding through
the open mouth can be demonstrated in the mid-sagittal
view of the face. In a series of 69 fetuses with trisomy
21, macroglossia was diagnosed in nine; 10% (five of 49)
of those examined at < 28 weeks and 20% (four of 20)
of those diagnosed > 28 weeks. It is possible that with
advancing gestation there is progressive enlarge-
ment/protrusion of the tongue to account for the higher
incidence of macroglossia at term*.

Micrognathia

Postmortem studies have demonstrated micrognathia to
be present in > 80% of fetuses with trisomy 18 or
triploidy*. However, in an ultrasonographic study of 83
fetuses with trisomy 18 and 42 with triploidy, micro-
gnathia was detected in only 21 (25%) and nine (21%) of
the cases, respectively*. These findings suggest that at
present only severe micrognathia is amenable to prenatal
diagnosis.

NUCHAL FLUID
Nuchal cystic hygromata

Reports on antenatally diagnosed cystic hygromata have
established an association with hydrops fetalis, found in
40-100% of the cases, congenital heart defects, in 0-92%
of the cases, and chromosomal defects in 46-90% of the
fetuses (Table 5)*%". Recently, Azar and colleagues®’
suggested that the wide range in the reported incidence

Table 5 Summary of reported series on antenatally diagnosed cystic hygromata providing data on the presence of associated

chromosomal defects

Abnormal karyotype

Gestation Total Turner’s Trisomy 21  Trisomy 18
Author (weeks) n (%) (%) (%) (%) Other
Chervenak et al % 18-29 15 11 (73) 11 (100) — — —
Newman et al¥’ 16-26 3 2(67) 1 (50) 1 (50) — —
Redford et al *® 17-26 5 4 (80) 2 (50) 1(25) 1(25) —
Marchese et al.¥ 16-20 6 5(83) 4 (80) — 1 (20) —
Nicolaides ez al.> 16-22 8 6 (75) 5(83) 1(17) — —
Pearce et al.”! 16-26 22 17 (77) 14 (82) 2(12) 1 (6) —
Carr et al > 17-28 5 3 (60) 2(67) 1(33) — —
Garden et al.> 14-26 16 13 (81) 11 (85) — 18 47,XXY
Palmer et al 16-26 8 6 (63) 4 (67) 1(17) — 46,XX + 5p
Gembruch et al* 13-26 29 17 (48) 10 (59) 6 (35) 1(6) —
Hegge et al.>® 15-17 4 3 (75) 2 (50) 125 — —
Pijpers et al.>’ 12-25 15 9 (60) 8 (89) — 1(11) —
Abramowicz et al.® 12-31 17 10 (59) 6 (60) 3 (30) 1 (10) —
Cohen er al.¥ 10-30 15 10 (67) 5 (50) 4 (40) 1(10) —
Edyoux et al.® 12-32 41 19 (46) 14 (74) 4 (21) 1(5) —
Miyabara et al.*! 12-23 10 9 (90) 4 (44) — 3(33)  47XX + 13,46, XX,deldp
Holzgreve et al.®? — 15 10 (67) 7 (70) 2 (20 1 (10) —
Langer et al®® 12-29 17 8 (47) 7 (88) 1(12) — —
Rizzo ef al.% 15-27 13 10 (77) 8 (80) 1(10) 1(10) —
Tannirandon ef al.® 16-23 11 7 (64) 5(71) — 1(14) 47XX + 13
MacLeod er al.% 16-21 15 10 (67) 3 (30) 3 (30) 2(20)  47XX+13,46XX +5q
Azar et al®’ 16-26 44 33 (75) 31 (94) 1) 1(3) —
Total 12-32 334 222 (66) 164 (74) 33 (15) 18 (8) 703)
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Table 6 Summary of reported series on first-trimester fetal nuchal edema or cystic hygromata providing data on the presence of
associated chromosomal defects

. Abnormal karyotype
Gestation

Author (weeks) n Total (%) Turner’s Trisomy 13 Trisomy 18 Trisomy 21 Others
Gustavii et al.” 12 1 — — — — — —
Dallapicolla ez al.™ 12 1 — — — — — —
Reuss et al.”® 12 1 1 (100) 1 — — — —
Reuss et al.’ 10 1 — — — — — —
Pons et al.”’ 11-14 4 4 (100) 1 — 3 — —
Bronshtein et al.” 11-12 2 1 (50) — — — 1 —
Cullen et al.”? 11-13 29 15 (52) 4 — 2 6 3*
Szabo and Gellen® 11-12 8 7 (88) — — — 7 —
Hill ez al® 13-14 2 2 (100) — — 2 — —
MacLeod et al.% 10-14 5 4 (90) 2 1 1 — —
Nicolaides et al*? 10-13 51 18 (35) — 2 4 10 2f
Shulman et al® 10-13 32 15 (47) 4 3 4 4 —
van Zalen-Sprock et al%* 10-14 18 5(28) — — 1 3 1*
Schulte-Vallentin and Schindler®®  10-14 8 7 (88) — — — 7 —
Ville et al% 9-14 85 24 (28) 4 1 9 9 1**
Sepulveda and Giaffardi®’ 11 2 1 (50) 1 — — — —
Total 9-14 250 104 (42) 17 7 26 47 7

*47,XY + 15/46,XX; 49, XXXXY; 47,XX-21 + der(21)t(18q;21p); 147, XY + fragment, trisomy 22; 45X-15 + der(15) + t(Y;15);

**47,XXX

of hydrops fetalis, cardiac defects and both the presence
and types of chromosomal abnormalities may be a
consequence of differences in the diagnostic criteria for
cystic hygromata used in the various reports. In fetuses
with bilateral, septated, cervical, dorsal hygromata the
incidence of chromosomal defects is 75% and the com-
monest is Turner’s syndrome (94%). Furthermore, there
is a strong association between this chromosomal abnor-
mality and decreased femur length to biparietal diameter
ratio (90%), congenital heart defects (48%), and renal
abnormalities (19%). Nuchal cystic hygromata should be
distinguished from nuchal edema, which has a high
association with trisomies, or unilateral cervical cysts,
which are usually detected in the third trimester and have
a good prognosis after postnatal surgery.

Nuchal edema

Benacerraf and colleagues®®® noted the association be-
tween increased soft tissue thickening on the posterior
aspect of the neck and trisomy 21. In a series of 1704
consecutive amniocenteses at 15-20 weeks’ gestation in
which there were 11 fetuses with trisomy 21, 45% of the
trisomic and 0.06% of the normal fetuses had nuchal
thickness > 5 mm. Similarly, Lynch and colleagues™,
who retrospectively examined the sonograms of nine
pairs of discordant twins, found nuchal thickening
> 5mm in five of nine fetuses with trisomy 21 but in
none of the normal co-twins. However, Perella and
colleagues’" retrospectively examined the sonograms of
14 fetuses with trisomy 21 and 128 normal controls and
found nuchal thickening in only 21% of the trisomic
fetuses and in 9% of the normals.

In a series of 145 fetuses with nuchal edema > 7 (that
produces a characteristic tremor on ballotment of the
fetal head), 52 (36%) had chromosomal abnormalities,
mainly trisomy 21, but also other trisomies, deletions or

60 Ultrasound in Obstetrics and Gynecology

translocations, triploidy and Turner’s syndrome™.
Furthermore, the chromosomally normal fetuses had a
Very poor prognosis because in many cases there was an
underlying skeletal dysplasia, genetic syndrome or car-
diac defect.

Hydrops fetalis

Hydrops fetalis is characterized by generalized skin
edema and pericardial, pleural, or ascitic effusions. This
is a non-specific finding in a wide variety of fetal and
maternal disorders, including hematological, chromo-
somal, cardiovascular, renal, pulmonary, gastrointesti-
nal, hepatic and metabolic abnormalities, congenital
infection, neoplasms and malformations of the placenta
and umbilical cord. In a series of 210 fetuses with
non-rhesus hydrops (excluding those with cystic hygro-
mata, mentioned above), 25 (12%) had chromosomal
abnormalities, mainly trisomy 21 (Table 2)%.

First-trimester nuchal translucency

Recent publications have suggested the possible associa-
tion between abnormal nuchal fluid and chromosomal
abnormalities in the first trimester of pregnancy
(Table 6)°*7%. Although in some studies the condition
was defined as multiseptated, thin-walled cystic mass
similar to that seen in the second trimester, in others the
term was used loosely to include nuchal thickening or
edema.

In a prospective study of 827 women with singleton
pregnancies undergoing first-trimester fetal karyotyping
because of advanced maternal age, parental anxiety or a
family history of a chromosomal abnormality in the
absence of balanced parental translocation, transabdom-
inal ultrasound examination was performed to obtain a
sagittal section of the fetus for measurement of the
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maximum thickness of the subcutaneous translucency
between the skin and the soft tissue overlying the cervical
spine®’. The incidence of chromosomal defects was 3%
(28 of 827 cases). In the 51 (6%) fetuses with nuchal
translucency 3-8 mm in thickness, the incidence of chro-
mosomal defects was 35% (18 cases). In contrast, only
ten of the remaining 776 (1%) fetuses were chromo-
somally abnormal.
This screening study established that:

(1) The presence of fetal nuchal translucency > 3 mm is
associated with a more than ten-fold 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 translucency;

(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
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23 mm in chromosomally normal fetuses is ap-
proximately 4%.

INTRATHORACIC ABNORMALITIES
Diaphragmatic hernia

Benacerraf and Adzick®® and Thorpe-Beeston and col-
ieagues® reported chromosomal abnormalities in 21%
and 31% of 19 and 36 fetuses with diaphragmatic hernia,
respectively. In our extended series of 79 fetuses with
diaphragmatic hernia, 16 (20%) had chromosomal de-
fects, mainly trisomy 18 (Table 2), and in all cases in
addition to the hernia there were other malformations
such as choroid plexus cysts, facial cleft, congenital heart
defects, and digital abnormalities'’®, None of the 37

fetuses with isolated diaphragmatic hernia had chromo-
somal defects.

Cardiac defects
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those with deletions or partial trisomies involving chro-
mosomes 4, 5, 8,9, 13, 14, 18 or 22 and in 35% of 45,X.
In two prenatal studies, of ultrasonographically de-

tectable fetal cardiac defects, Crawford and colleagues®
and (‘nnpl and (‘r\"PQUHPng rpnnrtpd chromosomal de-

fects in 22% of 74 cases and m 32% of 34 cases
respectively. In our series of 156 fetuses with cardiac
defects, 101 (65%) had chromosomal abnormalities
(Table 2). However, in 152 of the 156 cases there were

additional fetal maiformations!®.
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GASTROINTESTINAL TRACT DEFECTS

Fennhaaooal atrogia
sopnagea: atresia

Associated chromosomal abnormalities were reported in
3-4% of livebirths with esophageal atresia®**. Prenatally
the diagnosis of esophageal atresia is suspected when, in
the presence of polyhydramnios, repeated ultrasono-
graphic examinations fail to demonstrate the fetal
stomach; other possible diagnoses include lack of fetal
swallowing, due to arthrogryposis, and intrathoracic
compressmn due to cystic adenomatoid malformation

ar nlanra 1 affiiqinn Tn tha nragance of 5 trachan
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esophageal fistula the stomach bubble may be normal.

In a series of 20 fetuses with the presumptive diagnosis
of esophageal atresia, 17 (85%) had trisomy 18 (Table
2)*. Only one of the 20 fetuses survived and the infant
had a normal gastrointestinal tract. Permission for post-
mortem examination was obtained from 14 of the re-
maining 19 parents; in 12 the diagnosis of esophageal
atresia was confirmed; in one case the gastrointestinal
tract was apparently normal and in another the stomach
was small but there was no esophageal atresia.

Duodenal atresia
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all but one of the fetuse there were additional malfor-
mations (Table 2)®.

tresia

obstruction

Bowel

In a postnatal series of 589 infants with a total jejunoileal
atresia, cardiovascular or chromosomal anomalies were
found in 7% of cases®. In a prenatal study of 24 fetuses
with suspected bowel obstruction (Table 2), there were
14 cases of small bowel obstruction, six cases of large
bowel obstruction, and four cases where the dilated
bowel was subsequently found to be due to megacystis-

microcolon-intestinal hypoperistalsis syndrome or myo-
tonia dystrophica®. The karyotype was normal in all but

one case, in which the fetus had multiple abnormalities.

Echogenic bowel
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tween chromosomal abnormalities and echogenic bowel,

which was present i in 7% of second-trimester fetuses with
Down’s syndrome. Scioscia and colleagues'® karyotyped
19 fetuses with echogenic bowel at 15-26 weeks and
found trisomy 21 in five and trisomy 18 in one (32%).
However, in four of the chromosomally abnormal fe-
tuses, there were additional malformations and in five of
the cases there was advanced maternal age or low
maternal serum o-fetoprotein. Dicke and Crane'® found
a chromosomal abnormality (trisomy 18) in only one of
their 30 cases (3.3%) and in this case there were additional

malformations.
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Abdominal cysts

These include ovarian, mesenteric, adrenal and hepatic
cysts. In a series of 24 fetuses with abdominal cysts®,
there were four cases with a mesenteric cyst, five cases
with an ovarian cyst, one with a hepatic cyst, and four
with adrenal cysts. In two of the latter cases, the fetuses
had the Beckwith-Wiedemann syndrome, and, in addi-
tion to the multiple adrenal cysts, they had hepato-
splenomegaly and enlarged hyperechogenic pancreas. In
six cases the nature of the cysts was uncertain because
they resolved antenatally and there were no pathological
findings at postnatal examination. In three cases with a
large central abdominal cyst, postnatal surgery demon-
strated a hydronephrotic sac that was excised. In another
case a large tubular prehepatic cyst was found to be a
dilated umbilical vein, and postnatally this was found to
be associated with aortic valve stenosis. In one of the
fetuses with Beckwith-Wiedemann syndrome, the kary-
otype was 46,XX/46,XX, dup(11p); all other fetuses had
a normal karyotype.

Liver nodules

In two fetuses, referred to our unit at 21-22 weeks’
gestation, there were multiple hyperechogenic nodules
(2-3mm in diameter) in the liver®. In one case, there
was nuchal edema and digital abnormalities and the
karyotype was trisomy 21. The pregnancy was termi-
nated, and at postmortem examination the hepatic
nodules could not be identified. In the second fetus there
were no other abnormalities and the karyotype was
normal; the infant was born at term and postnatal X-ray
examination demonstrated areas of calcification at the
origin of the right hepatic vein.

Nicolaides et al.

ANTERIOR ABDOMINAL WALL DEFECTS

Exomphalos

Several reports of fetal exomphalos have established an
association with chromosomal defects, mainly trisomy
18 (Table 7)1.60626495102-112 " Eyrthermore, the incidence
of chromosomal abnormalities is much higher when there
are multisystem malformations and the exomphalos is
small and contains only omentum or bowel rather than
liver.

Gastroschisis

In gastroschisis, associated chromosomal abnormalities
are rare, and, although other malformations are found
in 10-30% of the cases, these are mainly gut atresias,
probably due to gut strangulation and infarction in utero.
In a prenatal series of 26 fetuses with gastroschisis, there
were no chromosomal abnormalities (Table 2)*.

URINARY TRACT DEFECTS

Postnatal and postmortem studies have established that

urinary tract defects are commonly found in
many chromosomal abnormalities'. The reported
incidence of chromosomal abnormalities on an-

tenatally diagnosed renal defects varies from 2 to 33%
(Table B8)?!606264109113-122 Ty the largest series'?!, renal
defects were classified as

(1) Mild hydronephrosis, where only the renal pelvis
was dilated and both the bladder and amniotic fluid
volume were normal;

(2) Moderate to severe hydronephrosis, with varying
degrees of pelvic-calyceal dilatation;

Table 7 Summary of reports on antenatally diagnosed exomphalos providing data on the relation between abnormal karyotype
and the presence of defects other than exomphalos, contents of the exomphalos and the sex of the fetuses

Incidence of chromosomal abnormalities Chromosomal defects
Other defects ~ Exomphalos content Fetal sex Trisomy
Liver +

Author Total Absent Present  Bowel bowel Male  Female 13 18 21 Other*
Nakayama et al.'? 1/10 1/4 —16 —/ 1/9 —/4 1/6 — 1 — —
Nielson et al.'® 2/8 —/3 2/5 — — —/3 2/5 2 — — —
Nicolaides et al.' 8/12 173 719 — — 7/9 173 — 7 — 1
Gilbert et al. '™ 19/35 1710 1825 — — 1726 2/9 — 17 — 2
Sermer et al.'%® 410 —2 4/8 — — — — 1 2 — 1
Eydoux et al.*®° 12/46 7/27 5/19 — — — — 2 6 — 4
Hughes et al.1% 13/30 3/8 10/22 10/10 3/20 — — 5 4 2 2
Nyberg et al.'" 10/26 4/17 6/9 8/8 2/18 6/11 4/15 4 4 1 1
Benacerraf et al.'® 422 —/7 4/15 4/6 —/16 — — 2 1 — 1
Holzgreve et al.% 5/10 — — — — — — 1 3 — 1
Rizzo et al.% 712 2/6 5/6 — — — — 2 5 — —
Shah et al'® 2/4 — — — — — — — 1 — 1
Van de Geyn et al'' 10/22 —/4  10/18 — — — — 1 6 — 3
Getachew et al.'!! 522 —73 5/19 4/6 1/16 — — 1 3 — 1
Rezai et al.!? 7/24 — — — — — — 1 5 — 1
Nicolaides et al.% 42/116 1729  41/87 24/44  17/72 36/73  6/43 6 32 — 4

*47XXY; 45X0; 46 XY,5p; 46,XY,7q-; 46,XY,14q-; 46,XY,8p+; 46,XY,5p+; 46,XX.il8p; 46,XX,1(9,11); 46,XY/49,XY,
+2,47,+19; 46,XY 14, +tdic(13q14q); 69,XYY; 69,XXY (n = 2); 46,XX,17p-; 46,XY,+13; 46,XY,-18+i(18q); 46,XY-13+der(13)
t(13q18p); 46,XX/46,XX dup(11p15); 461, XY inv (11); 49,4+2,+7,+19
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Table 8 Summary of reports on antenatally diagnosed renal anomalies with data on presence of other defects and fetal karyotype

Number with chromosome

Chromosomal abnormalities

abnormality/total with defect Trisomy

Author Renal defects  Total Isolated Multiple 13 18 21 Other
Curry ef al.'3* mixture 3/41 —/30 3/11 — — 1 2
Nicolaides e al?  mixture 11/45 — — 2 6 — 3
Rizzo et al.!'* multicystic 2/6 —/3 2/3 1 — — 1
Boue ef al.“lsm mixture 24/221 10/165 14/56 3 6 5 10
Hegge et al. mixture 1/3 — — — — — 1
Reuss et al'V obstruction 5/43 2/27 3/16 2 2 1 —
Edyoux et al.% mixture 12/111 1/55 11/56 3 4 2 3
Benacerraf ef al''®  pylectasis 7/210 — — — — 7 —
Holzgreve ef al.®?  mixture 4/16 — — 2 1 — 1
Rizzo et al.% mixture 1/44 1/44 — — — — 1
Shah er al'® mixture 3/9 — — 1 — 1 1
Stoll ez al.'1%t mixture 21/79 — — 4 6 4 7
Brumfield ef al'®  obstruction 7/30 5/25 2/5 2 2 — 3
Nicolaides ef al.'*'  mixture 85/682 16/476 69/206 18 20 19 28
Corteville et al.'**  pylectasis 7127 0/116 71 — — 4 3t

*Postmortem study including eight cases that were diagnosed antenatally; 754.4% diagnosed antenatally, the others stillborn or
liveborn up to age 5 years; *for the three chromosomal abnormalities other than trisomy 21 the details were not given

(3) Multicystic dysplasia, with multiple non-communi-
cating cysts of variable size and irregular hyperecho-
genic stroma; and

(4) Renal agenesis.

The renal defects were either unilateral or bilateral. In
the fetuses with bilateral moderate/severe hydronephrosis
and multicystic kidneys, the obstruction was considered
to be either low (dilated bladder), or high (bladder
normal or empty) and there was either oligohydram-
nios or the amniotic fluid volume was normal/reduced
(Table 9).

The overall incidence of chromosomal abnormalities
was 12%, and the commonest defects were trisomy 13,
trisomy 18 and trisomy 21. There were more than twice
as many males than females but the incidence of chro-
mosomal defects in females was almost double (18%) that
in males (10%)"?'. Furthermore, compared to the overall
maternal age-related risk, the risk for fetal chromosomal
abnormalities was three times higher when there was an
isolated renal defect and 30 times higher when there were
additional malformations. The risk of chromosomal
abnormalities was similar for fetuses with unilateral or
bilateral involvement, different types of renal defects,
urethral or ureteric obstruction, and oligohydramnios or
normal/reduced amniotic fluid volume. Nevertheless, the
patterns of chromosomal abnormalities, and con-
sequently that of associated malformations, were related
to the different types of renal defects. Thus, in mild
hydronephrosis, the commonest chromosomal abnor-
mality was trisomy 21, whereas in moderate/severe hy-
dronephrosis, multicystic kidneys, or renal agenesis the
commonest abnormalities were trisomies 18 and 13, each
with their own syndromal defects. Consequently, the
patterns of associated malformations were different.

SKELETAL ABNORMALITIES
Malformations of the extremities

Characteristic abnormalities in the extremities are com-
monly found in a wide range of chromosomal defects
and the detection of abnormal hands or feet at the
routine ultrasound examination should stimulate the
search for other markers of chromosomal defects. Syn-
dactyly is associated with triploidy, clinodactyly with
trisomy 21, polydactyly with trisomy 13, overlapping
fingers, rocker bottom feet and talipes with trisomy 1816,

In three series of antenatally diagnosed talipes equi-
novarus, chromosomal abnormalities, mainly trisomy 18,
were reported in 25%, 31% and 36% of 8, 13 and 106
fetuses, respectively!'®'21%* All the chromosomally ab-
normal fetuses had multiple abnormalities.

Relative shortening of the femur

Benacerraf and colleagues® reported that if the ratio of
the actual femur length to the expected length, based on
the biparietal diameter, was <0.91, the sensitivity and
specificity for detecting fetuses with trisomy 21 at 15-21
weeks’ gestation were 68% and 98%, respectively. In
contrast, Perella and colleagues™ found that, although
relative shortening of the femur had a positive predictive
value of 3% for identifying trisomy 21 in women with
advanced maternal age, the predictive value decreased to
1% for the general population. Lynch and colleagues™,
in their study of nine twin pregnancies with discordant
fetuses for trisomy 21, suggested that short femur was of
no value in identifying the trisomic twin. Similarly, Shah
and colleagues” found no significant difference in the
mean biparietal diameter to femur length ratio in a group
of 17 fetuses with Down’s syndrome compared to that
of normal controls.

In our series of 2086 fetuses that were karyotyped for
a variety of malformations or growth retardation, rela-
tive shortening of the femur was defined as head cir-
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Table 9 Abnormal fetal karyotype in 682 fetuses with bilateral or unilateral renal abnormalities, which were either isolated or

associated with additional malformations

Chromosomal abnormality

Autosomal chromosomes

Trisomy Sex chromosomes

Type of renal defect n  Total (%) Triploidy 21 18 13 Other Deletions 45,X0  Other
Bilateral

total 510 66 (13) 2 19 15 13 6 6 4

— other defects 342 14 (4) 2 3 = 1 4 3 —_— 1

+ other dcfects 168 52 (31) — 16 15 12 2 3 4 —
Mild hydronephrosis

total 258  35(14) — 15 6 8 3 i —

— other defects 163 5(3) — 1 — 3 1 —

+ other defects 95 30 (32) — 14 6 8 — 1 1 —
Moderate/severe hydronephrosis

total 119 15(13) 1 3 3 2 2 3 —

— other defects 81 5(6) 1 — — 1 1 — —

+ other defects 38 10 (26) — 1 3 2 1 — 3 —
Multicystic kidneys

total 109 13 (12) 1 1 6 2 — 3 — —

— other defects 79 34 1 — — 1 — 1 — —

+ other defects 30 10033 — 1 6 1 — 2 — —
Renal agenesis

total 24 3(13) — — — 1 1 — — 1

— other defects 19 15 — e — — — — — 1

+ other defects 5  2(40) — — — 1 1 — — —
Unilateral

total 172 19 (11) 3 — 5 5 — 3 2 1

— other defects 134 2(Q) — — — — — 1 — 1

+ other defects 38 17 (45) 3 — 5 5 — 2 2
Mild hydronephrosis

total 18 2(11) — — 1 — — — 1 —

— other defects 10 0 — — — — — — — —

+ other defects 8 2295 — — 1 — — — 1
Moderate/severe hydronephrosis

total 87 8(9) 1 — 1 3 — 3 — —

— other defects 76 1(1) — — — — — 1 — —

+ other defects 11 7(64) 1 — 1 3 — — —_
Multicystic kidneys

total 64 8 (13) 2 — 2 2 — — 1 1

— other defects 48 1Q2) — — — — — — 1

+ other defects 16 7 (44) 2 — 2 2 — — 1 —
Renal agenesis

total 3 133 — — 1 — — — — —

— other defects 0 0(0) — — — — — — e —

+ other defects 3 1(33) — — 1 — — — — —

cumference to femur length ratio > 97.5th centile'.
Chromosomal defects, mainly trisomies 18 and 21, tri-
ploidy and Turner’s syndrome, were found in 116 of the
411 (28%) fetuses with short femur (Table 2).

Short humerus

In a postmortem study of Down’s syndrome fetuses,
FitzSimmons and colleagues'® reported that shortening
of the long bones of the upper extremity was more
pronounced than that of the lower extremity. Two
studies, which evaluated the utility of ultrasonographic
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measurements of the humerus at 15-22 weeks for detec-
tion of trisomy 21, reached different conclusions. Rodis
and colleagues'? reported that, in five of 11 fetuses with
trisomy 21, the humerus length versus biparietal diameter
was < 5th centile. In contrast, Rotmensch and col-
leagues'”’ found shortening of the humerus in only one
of 43 fetuses with trisomy 21. Humerus length versus
gestational age < 5th percentile yielded a 64% sensitivity
and a positive predictive value of 6.8% in the first study,
whereas a ratio of 0.90 for observed/expected humeral
length yielded a sensitivity of 28% and a positive predic-
tive value of 1.23% in the second study.



Fetal chromosomal defects

INTRAUTERINE GROWTH RETARDATION

Although low birth weight is a common feature of many
chromosomal abnormalities, the incidence of chromo-
somal defects in small-for-gestational-age neonates is less
than 1-2%'%#132, However, data derived from postnatal
studies may underestimate the association between chro-
mosomal abnormalities and growth retardation, since
many pregnancies with chromosomally abnormal fetuses
result in spontaneous abortion or intrauterine death.
Furthermore, since the degree of growth retardation is
generally more severe in the more lethal types of chro-
mosomal abnormalities, it is expected that, in antenatally
diagnosed, early onset, severe growth retardation, the
types of chromosomal abnormalities will be different
from those recognized at birth.

Snijders and colleagues'** examined 458 patients with
severely growth-retarded singleton pregnancies at 17-40
weeks’ gestation, and reported that the incidence of
chromosomal defects was 19%. The commonest chromo-
somal abnormalities were triploidy, trisomies 13, 18 and
21, and deletion of the short arm of chromosome 4. The
triploidies were most commonly encountered in the
second trimester, while the aneuploidies, deletions and
translocations were found in the third-trimester group of
fetuses. These findings suggest that triploidy is associated
with the most severe form of early onset growth retar-
dation and that the majority of affected fetuses die before
the third trimester of pregnancy.

The incidence of chromosomal defects was higher in:

(1) The group with malformations (40%), than in those
with no structural defects (3%);

(2) The group with normal or increased amniotic fluid
volume (40%) than in those with reduced or absent
amniotic fluid (7%);

(3) The group with normal waveforms from both
uterine and umbilical arteries (44%), than in those
with abnormal waveforms from either or both ves-
sels (40/347).

A substantial proportion of the chromosomally abnor-
mal fetuses demonstrated the asymmetry (high head to
abdominal circumference ratio), thought to be typical for
fetal starvation; indeed the most severe form of asym-
metrical growth retardation is found in fetuses with
triploidy.

Nicolaides et al.

OVERVIEW

(1) The incidence of chromosomal abnormalities for
ultrasonographically detectable fetal malformations
and/or growth retardation is much higher than the
incidence reported in screening studies based on
advanced maternal age or maternal serum biochem-
istry. Although there are no prospective studies on
the sensitivity of second-trimester ultrasound screen-
ing for chromosomal defects in unselected popula-
tions, available data indicate that ultrasonography
may prove to be the most effective method of
screening for fetal chromosomal defects. The most
promising marker is nuchal translucency at 10-13
weeks.

(2) The ultrasound diagnosis of a marker for a specific
chromosomal defect should stimulate the search for
other associated malformations and, when these
additional abnormalities are found, the prob-
ability that the fetus is chromosomally abnormal is
dramatically increased (Table 10).

(3) For a given malformation, the risk of a chromo-
somal defect may be inversely related to the apparent
severity of the malformation. For example, the
incidence of chromosomal defects is higher for mild
than severe ventriculomegaly or exomphalos.

(4) A sonographically detectable fetal defect is not just
a potentially useful marker for a chromosomal
abnormality, but it may also lead to the diagnosis
of another significant defect, such as nuchal edema
unmasking a cardiac abnormality, or talipes leading
to the diagnosis of a lethal arthrogryposis syndrome.

(5) Although there is a rapidly increasing list of subtle
deviations from normality in anatomy and measure-
ments in trisomy 21 fetuses, the incidence of these
markers is quite high (1-5%) and the positive pre-
dictive value is around 1%. The implications in terms
of anxiety for the parents and fetal death as well as
economic cost from invasive testing remain to be
discussed.

(6) More than 90% of fetuses with trisomy 13 or 18,
triploidy, and Turner’s syndrome have associated
malformations that should be easily detectable by
diligent ultrasonographic examination. Trisomy 18

Table 10 Frequency of chromosomal abnormalities and number of ultrasound-detected defects

Number of Autosomes
chr omo_sgmal Trisomy Sex chromosomes
abnormalities/total
Number of defects with defects (%) 21 18 13 Other Turner’s Other Triploidy
Any 301/2086 (14) 69 83 31 33 38 5 42
>2 276/958 (29) 60 83 31 21 36 2 42
23 223/468 (48) 37 79 28 12 33 — 34
>4 153/248 (62) 19 64 24 10 18 — 18
=5 93/133 (70) 5 50 16 5 8 — 9
26 58/80 (72) — 36 12 4 2 — 4
>7 33/40 (82) — 26 5 1 — — 1
>8 22/24  (92) — 17 4 1 — — —
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is associated with strawberry-shaped head, choroid
plexus cysts, facial cleft, micrognathia, heart defects,
exomphalos, malformations of hands and feet, and
growth retardation. In trisomy 13, defects include
holoprosencephaly, facial cleft, cardiac defects, hy-
dronephrosis, polydactyly, overlapping fingers and
talipes. Turner’s syndrome is associated with nuchal
cystic hygromata, generalized edema, brachycephaly
and cardiac defects. Triploidy is characterized by
early onset, severe asymmetrical growth retardation,
ventriculomegaly and syndactyly; a molar placenta
is found in the minority of cases. In trisomy 21, the
associated defects are often more subtle and include
nuchal edema, macroglossia, atrioventricular septal
defects, mild hydronephrosis, sandal gap and clino-
dactyly. Therefore the false-positive rate for each
individual feature may be unacceptably high.
Nevertheless, it should be emphasized that a single
ultrasound marker, such as nuchal edema, as a risk
factor for fetal karyotyping can identify 40% of
fetuses with trisomy 21, which compares favorably
with the potential 25% detection rate, if the risk
factor is advanced maternal age, or even the 50%
rate, if a combination of maternal age and triple
biochemistry are used.

Fetal karyotyping should be considered even in the
third trimester because knowledge of a serious chro-
mosomal abnormality may alter the management of
labor and delivery. Karyotyping should also be
performed for conditions, such as hydrops fetalis or
severe early onset growth retardation, where the risk
of intrauterine death is high; autolysis may render
postmortem chromosomal studies, and therefore
accurate genetic counselling for future pregnancies,
impossible.
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