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Abstract

During a 6-year period (1985-1990) blood karyotyping was
performed in 682 fetuses with renal defects. There were: 276
fetuses with mild hydronephrosis; 206 with moderate/severe
hydronephrosis; 173 with multicystic dysplasia, and 27 with
renal agenesis. The overall incidence of chromosomal abnor-
malities was 12% (trisomies, n = 63; deletions, n = 9; trip-
loidies, n = 5, and sex chromosome aneuploidies, n = 8). There
were more than twice as many males than females, but the inci-
dence of chromosomal defects in females was almost double
(18%) than in males (10%). Furthermore, compared to the
overall maternal age-related risk, the risk for fetal chromo-
somal abnormalities was three times higher when there was an
isolated renal defect and thirty times higher when there were
additional malformations. The risk of chromosomal abnor-
malities was similar for fetuses with unilateral or bilateral
involvement, different types of renal defects, urethral or ure-
teric obstruction, and oligophydramnios or normal/reduced am-
niotic fluid volume. Nevertheless, the patterns of chromo-
somal abnormalities, and consequently that of associated mal-
formations, were related to the different types of renal defects.

renal defects are derived from a small number
of often unclassified ‘renal defects’ and the

Postnatal and postmortem studies have es- reported incidence of associated chromo-
tablished that urinary tract defects are com- somal abnormalities varies from 2 to 33 % (ta-
monly found in many chromosomal abnor- ble 1) [2-13].
malities [1]. Data on antenatally diagnosed
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Table 1. Summary of reports on antcnatally diagnosed renal anomalies with data on presence of other defects
and their karyotype

Author Renal defects Abnormal karyotype Trisomies Other!
Ly total isolated other 13 18 21

Curry ct al., 1984 [2] mixture 3/41 0/30 3/11 - - 1 2
Postmortem?

Nicolaides et al., 1986 [3] mixture 11/45 - - 2 6 - 3
Prenatal U/S

Rizzo ctal., 1987 [4] multicystic 2/6 0/3 2/3 1 - - 1
Prenatal U/S dysplasia

Bouc ct al.. 1988 [5] mixturc 24/221 10/165  14/56 3 6 5§ 10
Prenatal U/S

Hcgge et al., 1988 [6] mixture 1/3 - - - - - 1
Prenatal U/S

Reuss ct al., 1988 [7] obstructive 5/43 2/27 3/16 2 2 1 -
Prenatal U/S uropathy

Eydoux et al., 1989 [8] mixture 12/111 1/55 11/56 3 4 2 3
Prenatal U/S

Benacerraf et al.. 1990 [9] mild 7210 - - - - 1 -
Prenatal U/S hydronephrosis

Holzgreve ct al., 1990 [10] mixture 4/16 - - 2 1 - 1
Prenatal U/S

Rizzo et al,, 1990 [11] mixture 1/44 1/44 - - - - 1
Prenatal U/S

Shah et al., 1990 [12] mixture 3/9 - - 1 - 1 1
Prenatal U/S

Stoll et al., 1990 [13] mixturc 21/79 - - 4 6 4 7
Prenatal’

Total, % 11 4 23 19 27 22 32

I 46.XY.der(18),t(5:18)(p15.q21), 46.XY(4p-). 46,XX.del(18)(q22:qter), 69XXY, 46,XYdel(2q), 45X0,
46.XX.dcl(4)(p15). Ring chromosome 22,47 XX,(10p+), 46.XX/47 XX.i(Sp+), 47.XX.(4q+). 46.X X .-3+der(3),t3;
11(p25.q13.2). 46,XX.,6qt. 46.XX/47.XX,9p+, others.

2 Postmortem study including 8 cases that were diagnosed antenatally.

3 54.4% diagnosed antenatally; the others stillborn or liveborn up to age S years.

2 Nicolaides/Cheng/Abbas/Snijders/ Fetal Renal Defects
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Fig. 1. Gestational age distribu-
tion. at the time of referral. of the
fctuses with mild hydroncphrosis
(H1). moderate/scvere hydrone-
phrosis (H2-3). multicystic dyspla-
sia (PII), and renal agenesis (A).
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The aim of this study was to determine the
incidence of chromosomal abnormalities in a
large series of antenatally diagnosed renal de-
fects, including mild hydronephrosis, moder-
ate/severe hydronephrosis, multicystic dys-
plasia and renal agenesis. Detailed ultrasound
examination and fetal karyotyping were car-
ricd out to investigate whether the risk of
chromosomal abnormalities was related to: (i)
maternal age; (i) the unilateral or bilateral
nature of renal defects; (i) the level of the uri-
nary tract obstruction in obstructive uropa-
thy, and (iv) the presence of malformations in
other organ systems.

Patients and Methods

During a 6-ycar period (1985-1990). fetal blood
karyotyping was performed in 682 paticnts with fctal
renal defects. All patients were referred from other
centres for further assessment of ultrasonographically
dctectable fetal malformations. The mean gestational
age at referral was 24 weeks (fig. 1).

Dctailed ultrasound cxamination was performed
for the dctection of fetal malformations (Aloka SSD-
650 or Hitachi EUB 340, 3.5- or 5-MHz curvilincar
transduccr). Subscquently, the parents gave informed
consent for rapid fctal karyotyping. which was per-

formed by cytogenctic analysis of fetal blood obtained
by cordocentesis.

The renal defects, which were either unilateral
(n = 172) or bilatcral (n = 510). were classificd as: (1)
mild hydronephrosis (n = 276), when only the renal
pelvis was dilated and both the bladder and amniotic
fluid volume were normal: (i) modcrate to severe
hydronephrosis (n = 206), with varying dcgrces of pel-
vic calyceal dilatation: (ii1) multicystic dysplasia (n =
173), with multiple non-communicating cysts of vari-
able size and irrcgular hyperechogenic stroma, and (iv)
renal agenesis (n = 27). In the fetuses with bilateral
modcrate/severe hydronephrosis and multicystic kid-
ncys. the obstruction was considered to be cither low
(n = 156, dilated bladder) or high (n = 67, bladder nor-
mal or cmpty) and therc was cither oligohydramnios
(n = 120) or the amniotic fluid volume was normal/
reduced (n = 103).

The results of the ultrasound examinations and
fetal karyotype were given to the referring obstetri-
cians who undcrtook the further management of the
paticnts. Details on the outcomes of pregnancies were
obtaincd from the referring hospitals.

Results

The fetal karyotype was abnormal in 12%
(85 of 682) of the cases. The male to female
ratio was 492:190 but the incidence of chro-
mosomal abnormalities was 18% (78 of 190)

€202 JoqWIBAON L0 UO 1asn uopuo 869]10D s,Bury Aq 1pd Zy9£92000/G2298.2/L/ 1/ 2/Pd-0[o1e/py/woo JeBiex//:dny woy papeojumod



Table 2. Abnormal fctal karyotype in 682 fetuses with bilateral or unilateral renal abnormalities, which were
either isolated or associated with additional malformations

Renal defect Cases Chromosomal abnormalities
total trip-  autosomal chromosomes sex
loidy ' : chromosomes
trisomies dele-

S Tewia EIIT e tions  45X0 47XYY
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Total 682 85(12%) 5 19 20 18 6 9 6 2
Isolated 476 16 (3%) 2 3 - 1 4 4 = 2
Other 206 69(34%) 3 16 20 17 2 S 6 -

Bilateral 510 66 (13%) 2 19 1S 13 6 6 4 1
Isolated 342 14 (4%) 2 3 1 4 3 - |
Other 168 52(31%) - 16 15 12 2 3 4 -

Mild hydroncphrosis 258 35(14%) - 15 6 8 3 2 -
Isolated 163 5 (3%) - 1 - - 3 ] - -
Other 95 30(32%) - 14 6 8 - 1 1 -

Moderate hydroncphrosis 119 15(13%) 1 3 3 2 2 1 3 -
Isolated 81 5 (6 %) | 2 - - 1 1 - -
Other 38 10(26%) - 1 3 21 1 - 3 B

Multicystic kidneys 109 13(12%) 1 1 6 2 - 3 - -
Isolated 79 3 (4%) ] - - 1 - 1 = =
Other 30 1033%) - 1 6 1 - 2 - -

Rcnal agencsis 24 3(13%) - - = 11 - - |
Isolated 19 1 (5%) - SEEN= I = . = 1
Other S 2(40%) - - - 11 - - -

Unilateral 172 19(11%) 3 - S Ok s 3 2 1
Isolated 134 2 (2%) B - - = = 1 B 1
Other 38 17(45%) 3 - 5 s - 2 2 -

Mild hydronephrosis 18 2(11%) - - 1 - - o &
Isolated 10 0(0%) N _ _ = = _ - —
Other 8 2(25%) - - | - - = 1 =

Severe hydronephrosis 87 8 (9 %) | - 1 3 - 3 - -
Isolated 76 1 (1 %) _ - - -y = 1 - _
Other 11 7(64%) 1 - 3y = 2 . -

Multicystic kidneys 64 8(13%) 2 - 2 2 - - 1 1
Isolated 48 1 (2%) . - - S - B 1
Other 16 7(44%) 2 = 2 - - ] -

Renal agenesis 3 133%) - = 1 = - - -
Isolated 0 0 (0%) = = = =3 = - = -
Other 3 1(33%) - N 1 S - _ N

4 Nicolaides/Cheng/Abbas/Snijders/ Fetal Renal Defects
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Table 3. Abnormal karyotype in fetuses with bilateral moderate/severe hydronephrosis or multicystic kidneys
in relation to the level of urinary tract obstruction (high or ureteric, and low or urcthral), and to the presence or

absence of amniotic fluid (AF)

Renal defect Cases  Chromosomal abnormalities
HI1P+PII+H2-H3 .
total tnp-  autosomal chromosomes sex
loidy - 3 — chromosomes
trisomies dele- o e Y
21 18 13 e o tions 45X0 other

High obstruction 67 6 (9%) - | - = | 1 3 -
Isolated 46 - (0%) - - - - - = - -
Other 21 6 (29 %) - 1 - - 1 1 3 -

Low obstruction 156 22 (14%) 2 3 9 4 1 3 - -
Isolated 114 8 (7%) 2 2 - I | 2 - -
Other 42 14 (33 %) - | 9 3 - 1 - -

AF present 103 14 (14 %) 1 2 7 3 - - -
Isolated 65 3(5%) 1 - 1 - - - -
Other 38 11(29 %) - | 7 2 - 1 = =

AF absent 120 14 (12%) 1 2 2 2 3 3 -
Isolated 95 5 (5 %) 1 1 - - 1 2 - -
Other 25 9 (36%) - 1 2 1 | 1 3 -

in females and 10% (128 of 492) in males.
The incidence of chromosomal abnormalities
was similar in the four groups of renal defects
and in fetuses with bilateral or unilateral renal
involvement (table 2). Furthermore, in the fe-
tuses with bilateral moderate/severe hydrone-
phrosis or multicystic kidneys, the incidence
of chromosomal abnormalities was similar in
the groups with low and high obstruction and
in those with oligohydramnios (no vertical
pool of amniotic fluid > 1 cm) or normal/
reduced amniotic fluid volume (table 3).

The most frequently found chromosomal
abnormalities were trisomy 21 (22 %), trisomy
18 (24%) and trisomy 13 (21%). Trisomy 21
accounted for 41% of the chromosomal ab-
normalities found in fetuses with mild hydro-
nephrosis, but for only 8% of the chromo-
somal abnormalities found in fetuses with
moderate/severc hydronephrosis, multicystic

dysplasia, or renal agenesis. In the latter three
groups, the commonest (48%) chromosomal
abnormalities were trisomies 13 and 18.

The patterns of associated malformations
are illustrated in table 4. There were: 68 fe-
tuses with brain abnormalities; 38 with facial
defects; 57 with nuchal cystic hygromata or
nuchal edema; 37 with hydrops; 50 with pul-
monary or cardiac defects; 41 with gastroin-
testinal or abdominal wall defects, and 68
fctuses had skeletal defects including skelctal
dysplasia in 7 and abnormalities of the ex-
tremities in 63 (talipes n = 26, rocker bottom
feet n = 8, sandal gap n = 6, overlapping fin-
gers n = 19, clinodactyly of the fifth finger n =
11, polydactyly n = 2, and syndactyly n = 2).

Abnormal karyotypes were more com-
monly encountered when there was ultrasono-
graphic evidence of multiple malformations
(33%, €9 of 206 cases), than with isolated
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Table 4. Chromosomal abnormalities and associatcd malformations in fctuses with renal defccts

Total Brain

Face Neck

n CPC PFC Ho Ve

Enc n Cl Mi Ma n Ne CyHy

Karyotypc
Normal 597 43 19 2 6 14
Abnormal 85 25 9 8 11 |

Trisomies
22 | - -
21 19 - -
18 20 10 8
13 18 11 -
12 1 = =
9 1
8 1 = - - - -
Marker |

47XYY
45X

SN
— |
| |

w NN
|
|
1
1
|

Triploidy

Delctions
14qT14,21
14qT13.14

1
1
1
2q 2 - - - -
1
1
1
1

2 14 4 10 - 3129 2
1 24 14 10 3 26 20 12

[ |
N W

S W |

I & w»n |

1w

N o— —
e

[ |

Associated malformations include: choroid plexus
cysts (CPC); posterior fossa cyst (PFC); holoprosence-
phaly (Ho); ventriculomegaly (Ve); encephaloccle

(Enc); facial cleft (Cl); micrognathia (Mi); macroglos-
sia (Ma); nuchal ocdema (Ne); cystic hygromata
(CyHy); hydrops (Hydr); diaphragmatic hernia (DH);

renal defects (3%, 16 of 476 cases). Indeed. in
3 of the latter cases additional malformations
were detected at postmortem or postnatal ex-
amination; these included imperforate anus
in 2, and cardiac defect in 1.

The mean maternal age of the chromosom-
ally abnormal fetuses (31 years, range 19-44)
was significantly higher (t = 4.36, p < 0.0001)
than that of the chromosomally normal fe-
tuses (28 years, range 16-45). The maternal

age-related risk for fetal chromosomal abnor-
malities, in our study group, in comparison to
that reported in the literature for women un-
dergoing second trimester amniocentesis for
advanced maternal age [14], is illustrated in
figure 2. The maternal age-related risk in the
literature for amniocentesis is 1% at 35-36
years, 1.3% at 37-38 years, 2% at 39-40 years
and 3.9% at 41 years or more. In our group,
the risk was three times as high when there
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Hydr  Chest Abdomen

Skeletal

n DH CA HD n DA

Ac n Dys Extr

27 18 3 2 15 21 - 3
20 2 7

| — = —
I =1 00N W |

Karyotype
Normal
Abnormal

9 9 37 7 32
13 - 31 - 31

Trisomics
- - - - - 22
- 21
9 - 13 - 13 18
2

I
(=}

I
(=,

- 9 - 9 13

- - - - 12
- - - - - 9
- - - - - 8
Marker

47XYY
45X

Triploidy

Deletions
14qT14.21
14qT13.14

= = - . = 7q

2q

3p

4p

5p

6p

cystic adenomatoid malformation (CA); heart defect
(HD); duodcnal atresia (DA); csophageal atresia (EA);
exomphalos (Ex); abdominal cysts (Ac); skeletal dys-

plasias (Dys), and abnormalitics of the extremities
(Extr).

was an isolated renal defect and thirty times
as high when there were additional malforma-
tions.

In the 276 fetuses with mild hydronephro-
sis, the biparietal diameter to femur length
ratio (BPD/FL) was compared to the normal
mean for gestation, established from the
cross-sectional study of 1,050 normal fetuses
from singleton pregnancies (fig. 3). The mean
BPD/FL in the 15 fetuses with trisomy 21 and

in the 22 with chromosomal abnormalities
other than trisomy 21 was significantly higher
than the normal mean for gestation (mean dif-
ference = 0.699, SEM = 0.267,t =2.62,p <
0.05, and mean difference = 1.088, SEM =
0.386,t = 2.82, p < 0.05, respectively). The
BPD/FL was above the 95th percentile in 7%
(16 of 239) of the chromosomally normal
fetuses, 7% (1) of fetuses with trisomy 21, and
in 32% (7) of those with chromosomal abnor-
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Fig. 2. a Maternal age distribution of chromosomally normal ([lj) and abnormal ({})
fetuses. b Maternal age-related risk for chromosomal abnormalitics in the presence of fetal
rcnal defects only (m) and in the prescnce of multiple defects (0) compared to the overall
matcrnal age-related risk () derived from data cf women undergoing amniocentesis [14].

malities other than trisomy 21. All 8 chromo-
somally abnormal fetuses with BPD/FL
above the 95th percentile (trisomy 21 n = 1,
trisomy 18 n =2, trisomy 13 n =1, partial tri-
somy 12 n = 1, deletion 14q n = 1, Turner’s
syndrome n = 2) had multiple defects. The
BPD/FL was not examined in fetuses with
other renal defects because in the presence of
the commonly associated oligohydramnios
and consequent dolichocephaly (decreased
BPD), no valid conclusions can be drawn.

Discussion

This study has established that, when fetal
renal defects are detected by ultrasonographic
examination, the risk for fetal chromosomal
abnormalitics is dramatically increased over

the maternal age-related risk; threcefold when
the renal defect is isolated and thirtyfold
when there are multiple defects. The risk of
chromosomal abnormalities is similar for fe-
tuses with: (i) unilateral or bilateral involve-
ment; (i1) mild hydronephrosis, moderate/
severe hydronephrosis, multicystic kidneys,
or renal agenesis; (iii) urethral or ureteric
obstruction, and (iv) oligohydramnios or nor-
mal/reduced amniotic fluid volume. Further-
more, the majority (71 %) of the fetuses with
renal defects we have examined were male
but, in females, the risk of chromosomal ab-
normality was almost twice as high as in
males.

The patterns of chromosomal abnormali-
ties were related to the different types of renal
defects. In mild hydronephrosis, the com-
monest chromosomal abnormality was tri-
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Fig. 3. Biparictal diameter to femur length ratio in fetuses with mild hydronephrosis that
were chromosomally normal (a) or abnormal (b). m= Trisomy 21; O= other chromosomal

abnormalitics.

somy 21, whereas in moderate/severe hydro-
nephrosis, multicystic kidneys or renal agene-
sis the commonest abnormalities were trisom-
ies 18 and 13, each with their own syndromal
defects. Consequently, the patterns of associ-
ated malformations were different [1]. For
cxample, in trisomy 13 th¢ most commonly
encountered defects were holoprosencephaly,
facial cleft. cardiac defects and abnormalities
of the hands and feet. In trisomy 18, associ-
ated malformations included choroid plexus
cysts, facial cleft or micrognathia, heart de-
fects. exomphalos, overlapping fingers and
talipes. In contrast, in trisomy 21 the associ-
ated defects were more subtle and included
nuchal edema, macroglossia, sandal gap and
clinodactyly.

Bilateral renal agenesis and multicystic re-
nal dysplasia are lethal abnormalities. Fetal

karyotyping in these conditions is essential
for accurate counselling of parents about the
etiology of the condition and the risk of recur-
recnce. When chromosomal abnormalitics
such as primary trisomies are present, the risk
of recurrence is approximately 1%. For chro-
mosomal rcarrangements or deletions it is im-
portant to check that they are not secondary
to parental chromosomal rearrangements. In
the group without chromosomal abnormali-
ties but with multiple malformations, the risk
of recurrence may be much higher because the
condition may be due to a genetic syndrome
with an autosomal recessive mode of inheri-
tance.

In fetuses with moderate or severe hydro-
nephrosis, antenatal investigations are aimed
at both defining prognosis for the present
pregnancy and the risk of recurrence. Predic-
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tion of renal function is bascd on the ultrason-
ographic appearance of the renal parenchy-
ma. the degree of associated pelvi-calyceal
dilatation. the volume of amniotic fluid and
fetal urinary biochemistry. However, cven if
renal function is thought to be good. the prog-
nosis could be poor if the fetal karyotype is
abnormal and/or therc are major malforma-
tions in other organ systems.

Multicystic renal dysplasia. renal agencsis
and moderate or severe hydronephrosis arc
relatively rare conditions. In contrast, the in-
cidence of mild hydronephrosis is high; it is
reported to be present in approximatcly 3% of
pregnancies [9]. If the chromosomally abnor-
mal fetuses could be identified by non-inva-
sive techniques, then invasive fetal testing in
a substantial proportion of the population
could be avoided. For mild hydronephrosis
the most frequently encountered chromo-
somal abnormality is trisomy 21 in which the
associated fetal malformations are subtle and
their detection is difficult even in specialist
centres. Previous studies have reported that

in fetuses with trisomy 21 the BPD/FL is
increased [15]. It was thereforc hoped that
fetal biometry would help in the prediction of
chromosomal abnormalities. However, the
findings of the present study indicate that.
although the mean BPD/FL of the chromo-
somally abnormal fetuses was increased
(more so for abnormalities other than trisomy
21), thisindex does not provide clinically use-
ful prediction of fetal karyotype.

This study has confirmed the need for both
detailed sonographic examination and karyo-
typing of malformed fetuses [3]. Furthermore,
it demonstrates that chromosomal abnormal-
ities are usually associated with multisystem
malformations, whether the primary sono-
graphic defect is small, such as mild hydrone-
phrosis or choroid plexus cysts, or large, such
as multicystic renal dysplasia or holoprosen-
cephaly [16, [7]. Nevertheless, even with
small isolated defects, such as mild hydrone-
phrosis, the parcnts should be counselled that
their age-related risk for chromosomal abnor-
malities is increased.
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