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Diagnosis of Fetal Anomalies by Sonography

Yong-Won Park

Department of Obstetrics and Gynecology, Yomsei University College of Medicine, Seoul, Korea.

The last 2 decades have seen considerable advances in
obstetric ultrasonography, which now forms part of routine
prenatal care in most countries. Congenital anomalies often
occur sporadically and unpredictably. The prenatal identifica-
tion of an abnormal fetus allows the opportunity for prenatal
counseling with a multidisciplinary team of experts, and a
thorough discussion of pregnancy options. Furthermore, prena-
tal diagnosis can influence antepartum and intrapartum mana-
gement, and permit the planning of the mode and site of de-
livery, thus ensuring optimal care of the fetus and the newborn.
Prenatal surgical therapy can also be offered to fetuses with
simple anatomic defects that have predictably devastating
developmental consequences. This review discusses contro-
versies regarding the accuracy, limitations and the roles of
ultrasound in pregnancy.
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INTRODUCTION

Ultrasonography has become commonplace in
obstetric practice since it was first introduced as
a diagnostic tool in the late 1950s. The first
description of obstetric ultrasound was made in
an investigation of abdominal masses by Donald
ct al in 1958." They suggested that the gravid
uterus, a fluid-filled cavity with a “solid fetus”,
was an ideal target for ultrasound imaging. At
that time, the main advantage of ultrasonography
was its safety to the fetus, i.e., it employed sound
waves instead of ionizing radiation. Recent ad-
vances in the technology have focused on en-
hanced image quality, which has made ultrasound
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the modality of choice for fetal imaging. During
the last 2 decades, sonography has been used
increasingly for prenatal diagnosis and treatment.
The prenatal identification of an abnormal fetus
allows an opportunity for prenatal counseling
with multidisciplinary experts, and a thorough
discussion of pregnancy options. Furthermore,
prenatal diagnosis may influence antepartum and
intrapartum management, and permit the plan-
ning of the mode and site of delivery, thus en-
suring optimal care of the fetus and the newborn.

ACCURACY IN DIAGNOSING
MALFORMATIONS

Congenital anomalies are responsible for 20% to
25% of perinatal deaths, and an even higher per-
centage of perinatal morbidity.” Most occur spo-
radically, in fetuses without known risk factors.
For these reason, routine ultrasound is an attrac-
tive concept as a screening tool.

Table 1 lists fetal malformations that have been
prenatally diagnosed by ultrasound. The accuracy
of obstetric ultrasonography in detecting these
lesions is difficult to assess, due to differences in
the extents of the malformations, the quality of the
equipment, and the expertise of the sonographer.
Some anomalies are more difficult to diagnose
than others, for example, cardiac defects, and
technical limitations, including different fetal posi-
tions, amniotic fluid volume, and maternal ha-
bitus make interpretation even more challenging.’
Fig. 1 shows the distribution of congenital anom-
alies detected at our center between 1990 and 1995
(unpublished data).

Detection rates differ and are dependent on the
population under investigation. Table 2 demon-
strates the sensitivity and specificity of ultrasound
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Table 1. Fetal Malformations that Have Been Diagnosed Prenatally by Ultrasonography

Cranial and intracranial
Agenesis of the corpus callosum
Anencephaly
Aqueductal stenosis
Arachnoid cyst
Choroid plexus cyst
Hydrocephalus
Dandy-Walker malformation
Encephalocele
Holoprosencephaly
Iniencephaly
Microcephaly
Porencephalic cyst
Schizencephaly
Vein of Gallen aneurysm

Craniofacial
Anophthalmia
Cyclopia
Cystic hygroma
Facial clefts
Hypertelorism
Hypotelorism
Micrognathia
Microphthalmia
Teratoma

Spine
Hemivertebrae
Sacral agencsis
Sacrococcygeal teratoma
Spina bifida

Thoracic

Bronchogenic cysts

Cystic adenomatoid malformation
Diaphragmatic hernia
Hydrothorax

Pulmonary hypoplasia
Pulmonary sequestration

Gastrointestinal
Anorectal atresia
Choledochal cyst
Cholelithiasis
Duodenal atresia
Hepatic cyst
Hepatic neoplasm
Jejunoileal atresia
Enteric duplication cyst
Hirschsprung’s disease

Meconium ileus
Meconium peritonitis
Mesenteric cyst
Persistent cloaca

Situs inversus
Tracheoesophageal fistula
Volvulus

Genitourinary system

Ambiguous genitalia

Bladder outlet obstruction

Duplicated kidney with ectopic ureterocele
Multicystic kidney

Infantile polysystic kidney

Ovarian cyst

Renal agenesis

Tumors

Ureteropelvic junction obstruction
Ureterovesical obstruction

Cardiovascular system

Atrioventricular septal defect
Cardiomyopathy

Coarctation of aorta

Double outlet right ventricle
Ebstein’s anomaly

Heterotaxy syndrome
Hypoplastic left ventricle

Tumors

Tetralogy of Fallot

Total anomalous pulmonary venous return
Transposition of the great vessels
Valvular stenosis

Ventricular septal defect

Abdominal wall and trunk

Bladder exstrophy
Cloacal exstrophy
Gastroschisis
Body-stalk anomaly
Omphalocele
Tumors

Urachal cysts

Extrimities

Arthrogryposis

Limb dysplasias and shortening
Clinodactyly

Cubfoot

Polydactyly

Radial aplasia

in low-risk populations. The sensitivities range
from 14% to 85%, whereas the specificities range
from 93% to more than 99%. This range of sensi-
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tivities with high specificities suggests that in low-
risk populations, ultrasonography may be helpful
at ruling out anomalies, but it is not particularly
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reliable in terms of detection.”” This type of infor-
mation may prove useful when counseling pa-
tients about the accuracy of ultrasound. Ideally,
each center should know its own sensitivity for
anomaly detection in the low-risk population.
Targeted studies, performed on high-risk pati-
ents at referral centers, appear to be more accurate
at anomaly detection. Overall sensitivities range
from 27% to 99%, with specificities of from 91%
to 100%. Tables 2 and 3 compare the detection of
malformations in general versus selected popula-
tions. If these data are further analyzed using the
organ system, 96% to 100% of the central nervous
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Fig. 1. Distribution of congenital anomalies between 1990
and 1995 in YUMC Values are presented as percentage
(total 707 cases).

system lesions were detected,>"*"® 8% to 94% of
the gastrointestinal abnormalities, 13516 gor +6 92%
of the genitourinary abnormalities, and"'>'® and
5% to 100% of the skeletal defects."”"'

It is important to counsel patients that prenatal
sonography is not the equivalent of a physical
examination of a newborn, and for example, that
ultrasound may miss minor malformations. Re-
ported false-negative diagnoses involve all organ
systems, but the majority concern the craniospi-
nal, cardiac, and genitourinary structures.”>1°
False-positive diagnoses are infrequent but worri-
some, as they may heighten patients” anxiety and
lead to unnecessary invasive testing and obstetric
intervention.

DETECTION OF ABNORMALITIES IN
DIFFERENT SYSTEMS

Routine ultrasound examinations vary consider-
able in terms of abnormality detection in different
systems. There are many reasons why an abnor-
mality may not be detected. These include techni-
cal difficulties, the absence of a sonographic sign
associated with the abnormality, the late appear-
ance of the ultrasound abnormality, as well as
failure to scan the fetus. It is therefore unlikely

Table 2. Accuracy of Ultrasound in Detection of Congenital Anomalies in Low-Risk Populations

Author No. of Patients Study Period Sensitivity Specificity
Lys et al* 8,316 1986 14% 98%
Li et al’ 678 1980 - 1981 38% 98%
Levi et al’ 13,309 1986 - 1987 34-55% >99%
Rosendahl et al’ 9,012 1980 - 1988 58% >99%
Shirley et al’ 6,183 1989 - 1990 67% >99%
Chitty et al’ 8,432 1988 - 1989 74% >99%
Luck® 8,523 1988 - 1991 85% >99%
RADIUS Trial" 15,151 1987 - 1991 35% -
Table 3. Accuracy of Ultrasound in Detection of Congenital Anomalies in Selected Populations

Author No. of Patients Study Period Sensitivity Specificity
Hill et al® 5,420 1979 - 1983 27% -
Sollie et al** 481 1980 - 1985 86% 100%
Sabbagha et al 596 1980 - 1983 95% 9%
Campbell et al' 2,372 1978 - 1983 95% >99%
Manchester et al” 257 1983 - 1985 9% 91%
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that routine screening will ever achieve detect
100% of fetal abnormalities.

Craniospinal abnormalities

All recent studies, involving routine screening
in the second trimester, report 100% detection of
ancncephaly, and many achieve rates approaching
100% for open neural tube defects. In the early
days of obstetric scanning, the sensitivity of
ultrasound for the detection of neural tube defects
was poor (about 50%)* compared with the
measurement of maternal serum alpha-fetoprotein
(MSAFP) levels, which would identify about 80%
of fetuses with open spina bifida,”" but 3-5% of
normal fetuses are also identified as being at
increased risk. The main reason for the recent
improvement is the recognition of cranial signs
associated with spina bifida and the Arnold-
Chiari malformation. Specifically, these are the
‘lemon’ sign, resulting from a scalloping of the
frontal bones, and the ‘banana’ sign, which con-
cerns the abnormal shape of the cerebellum.”**
Both appearances are thought to be a result of
traction on the brain stem. Nevertheless, when
these cranial signs are used in high-risk popula-
tions nearly all fetuses with open spina bifida can
be successfully identified before 20 weeks. ™™

Other intracranial abnormalities are detectable
in the second trimester, but unfortunately most
studies in the literature do not differentiate be-
tween the types of abnormality. It is clear, how-
ever, that the sonographic signs associated with
some intracranial abnormalities, in particular,
microcephaly and hydrocephaly, may develop
later in pregnancy and may, therefore, only be
detected if a scan is initiated because of a clinical
indication or if a third trimester scan is routinely
offered. This is illustrated well in a study con-
ducted in Belgium where only 4 of 20 cases of
hydrocephalus were identified by scanning before
22 weeks gestation, with the remainder being
identified later in pregnancy.”® Similarly, only a
half of the cases of microcephaly (2 of 4) were
identified in the second trimester.

Cardiovascular abnormalities

Cardiac anomalies are the most common conge-

nital anomaly, with a prevalence of 8 per 1000 live
births,27 and 10.3 per 1000 at the time of the
second trimester by sonographic examination.”
About 50% of these defects were major because
they are either lethal or require surgery and have
a significant effect on perinatal and long-term
morbidity, and on mortality rates. Early prenatal
diagnosis of these defects is important to allow
patients to be accurately counseled on the long-
term implications of these anomalies, pregnancy
options, and their impact on neonatal care. Early
detection will allow patients to consider their
options and make informed decisions.

A general examination of the heart, four-cham-
ber view, rate, and rhythm, should be included in
the basic ultrasound examination. A more detailed
targeted examination should be performed if any
of the risk factors are present, namely, suspected
cardiac abnormality seen on the four-chamber
view, arrhythmia, the presence of extracardiac
anomalies, a parent or sibling with heart defect,
maternal diabetes, teratogen exposure, and non-
immune hydrops. A detailed cardiac evaluation is
usually not possible until at least the 18th gesta-
tional week. Even at this time, adequate anatomi-
cal assessment is dependent on the fetal position
and activity, maternal size, amniotic fluid volume,
and the availability of proper equipment and
expertise. However, the study is often time-con-
suming and may require collaboration with a
pediatric cardiologist.

The four-chamber view is central to fetal cardiac
assessment. Much of the work that evaluated the
sensitivity of this view was performed in the
1980s. Because equipment and experience are
known to affect the ability to obtain a four-cham-
ber view, a review of series published over the
last 10 years, rather than earlier, would theoreti-
cally give a better idea of the true capabilities of
the four-chamber view in terms of abnormality
detection. Earlier studies are summarized by Kirk
et al.” Table 4 lists the sensitivities of studies that
were undertaken in 1990 or later. It is clear that,
although the sensitivity of the four-chamber view
depends on many factors, that it approximates to
50% or less when performed during the initial
screening process on low-risk patients.

A complete cardiac evaluation should include
an examination of the ventricular outflow tracts.
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Table 4. Sensitivity of the Four-chamber View

Author Study Period  No. of Patients Type Gestational age (weeks)  Sensitivity(%)
Kirk et al” 1990 - 1992 5,967 Low risk 14 - 40 47
Anderson et al® 1991 - 1993 7,880 Unselected 16-20 31
Levi et al™ 1990 - 1992 9,392 Unselected 12 - 40 52
Buskens et al” 1991 - 1993 5,319 Low risk 16 - 24 43
Cho et al® 1991 - 1996 5,598 Unselected 16 - 40 52
Table 5. Accuracy of Extended Fetal Echocardiography

Sensitivity Positive predictive value
4-CV only 51.9% 100.0%
4-CV + SAV 57.4% 100.0%
4-CV + LAV 64.8% 94.6%
4-CV + SAV + LAV 64.8% 94.6%

4-CV, four-chamber view; SAV, short-axis view; LAV, long-axis view.

Starting with the four chamber view, slight rota-
tion of the transducer toward the right fetal
shoulder shows the aortic outflow tract. Once the
aortic outflow tract has been identified, rotating
the transducer in the opposite direction allows the
pulmonary outflow tract to be visualized. The
aortic arch is best viewed longitudinally where
these two arteries appear to cross. Pulse Doppler
and real-time Doppler color-flow mapping can
then be used to evaluate the blood flow. ™ In
addition, M-mode echocardiography is cssential
for arrhythmia evaluation, and to measure the
chamber size, wall thickness, and wall and valve
motion. If examination of the fetal heart is ex-
tended to include views of the great vessels, the
numbers of cardiac defects detected are reported
to increase from 48 to 78%.”° Table 5 lists the
sensitivities of extended examinations performed
in our center between 1991 and 1995.%

Congenital heart abnormalities are good illu-
strations of how difficult it can be to define what
in considered abnormal or clinically significant.
Many small ventricular or atrial septal defects do
not require treatment and will close spon-
taneously.” It may well be that the delay in
closure in some cases is part of the spectrum of
normality, and therefore, it is difficult to know
whether or not to define them as congenital heart
defects.”
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Pulmonary abnormalities

Probably the most common abnormality of the
respiratory system is a congenital diaphragmatic
hernia, which occurs in about 1 in 2000 to 1 in
5000 births. This is an abnormality which can be
diagnosed at a routine second trimester scan, but
in fact many are diagnosed later in pregnancy
because of associated hydramnios. Other pulmo-
nary abnormalities include cystic lung lesions,
such as cystic adenomatoid malformation (CCAM)
and pleural effusions. The majority of cases of
CCAM are diagnosed at the time of the routine
scan, but in many instances there is no confirma-
tion of prenatal diagnosis, as the natural history
of this condition involves the apparent resolution
of the lesion in utero, which often results in the
neonatal chest radiograph appearing normal.

Gastrointestinal abnormalities

Anterior abdominal wall defects are regularly
detected by routine ultrasound and most studies
report a 100% detection rate for omphalocele and
gastroschisis. However, the diagnosis of intestinal
obstruction or atresia is less amenable to diagnosis
in the second trimester, because the classical signs
of a dilated stomach or proximal loops of small
bowel do not appear until later in pregnancy.
Moreover, these abnormalities are often detected
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because of hydramnios in later pregnancy. Iso-
lated esophageal atresia may be diagnosed if there
is a failure to visualize the stomach bubble on sev-
eral occasions. In 95% of these cases, there is a co-
existent fistula to the trachea so that the stomach
can fill via the trachea and thus a bubble will be
visualized, although hydramnios may occur later
in pregnancy. In three studies, which listed the
types of intestinal atresia separately, none of the
six fetuses with tracheoesophageal atresia were
identified during the second trimester.”"*"

Urinary tract abnormalities

Abnormalities of the renal tract are commonly
diagnosed prenatally. Virtually, all cases of hydro-
nephrosis, and the vast majority of bilateral renal
agenesis or dysplasia, as well as many unilateral
lesions are diagnosed at the time of routine scan-
ning. However, in 5 of the studies, cases of mild
hydronephrosis or mild pyelectasis were not
reported,””***” though it is unlikely that all such
cases are pathological after birth. A prospective
screening program in Staffordshire reported that
a total of 92 fetuses, examined at around 28 weeks
gestation, were thought to have a renal abnor-
mality, but that postnatal examination could only
confirm abnormality in 46% of these cases."” Fur-
thermore, complete confirmation of urinary tract
abnormality is impossible unless neonates are
scanned at birth and then subsequently followed
up into infancy. In addition, the incidence of
hydronephrosis at birth in the ultrasound
screened group (26/7685) in the RADIUS study
was four times greater than in the control group
(7/7596)."" This difference reflects the impact of
ultrasound screening, and is indicative of the
clinically silent nature of most renal problems.
Other studies have described improved detection
rates for urinary tract abnormalities by scanning
later in pregnancy.*** However, the true clinical
significance of many of the prenatal findings, even
when confirmed in the neonatal period, are
unclear as the majority of neonates are clinically
asymptomatic.

Skeletal abnormalities

Visualization of the fetal long bones at the time

of a routine scan is usually achieved, and femur
measurement is often incorporated as a routine
part of the examination. Many lethal skeletal
dysplasias are associated with severe limb shor-
tening, which is evident at 18 weeks, making
many amenable to detection by routine ultrasono-
graphy, as demonstrated by the relatively good
detection rates of skeletal dysplasias by routine
ultrasound screening. However, examination of
the hands and feet may be more difficult, and
often there are time constraints which prevent
detailed examination of the extremities. This re-
sults in relatively poor detection rates for abnor-
malities, such as talipes and limb reduction de-
fects.

Nuchal translucency and fetal structural
abnormalities

Nuchal translucency is defined as the translu-
cency of the normal subcutaneous tissue to
ultrasound, and is observed on the first trimester
ultrasound examination, between the skin and the
cervical spine of the fetus. It is well recognized
that nuchal translucency normally increases with
gestational age.”* The use of a single cutoff to
define increased nuchal translucency is therefore
inappropriate. The 95th percentile nuchal translu-
cency values used by the Fetal Medicine Founda-
tion are 2.2 mm at 10 weeks gestation and 2.8mm
at 14 weeks gestation.” Increased nuchal translu-
cency is known to be associated with an increased
risk of aneuploidy, particularly Down syndrome.*
In addition to this association with aneuploidy,
multiple studies have now identified increased
nuchal translucency as a nonspecific marker of a
wide range of fetal structural abnormalities, which
include congenital diaphragmatic hernia, cardiac
defects, and various genetic syndromes.”™ The
degree of nuchal translucency is directly related to
the prevalence of fetal anomalies and may have
prognostic significance, especially when found in
association with other anomalies. The patho-
physiology of increased nuchal translucency is
uncertain, but it may be the result of cardiac fail-
ure or an alteration of lymphatic drainage. In-
creased nuchal translucency may identify preg-
nancies that require further assessment, including
additional sonographic evaluation and possible

Yonsei Med J Vol 42, No. 6, 2001



666 Yong-Won Park

fetal echocardiography. Further evaluation is re-
quired to assess the role of nuchal translucency
screening in the general population.

CONCLUSION

Ultrasound is the main diagnostic tool used in
the prenatal detection of congenital abnormalities.
It allows examination of the external and internal
anatomy of fetuses, and the detection of not only
major defects, but also of subtle markers of chro-
mosomal abnormalities and genetic syndromes.
The appeal of the ultrasound examination is that
it is a noninvasive, safe procedure with a high
degree of patient acceptance. Moreover, the pre-
natal detection of abnormalities often influences
obstetrical management and allows the optimi-
zation of fetal and newborn care. In addition,
prenatal surgical therapy can be offered to fetuses
with simple anatomic defects that have predict-
ably devastating developmental consequences.
Finally, it is important for obstetricians and sono-
logists to appreciate the limits of their expertise.
If a malformation is suspected, and the examiner
has had little experience with the abnormality in
question, the case should be referred to a more
experienced examiner. Only in this way will pati-
ents be best served.

REFERENCES

1. Donald I, MacVicar J, Brown TG. Investigation of
abdominal masses by pulsed ultrasound. Lancet 1958;1:
1188-95.

2. Whittle M]. Routine fetal anomaly screening. In: Drife
JO, Donnai D, editors. Antenatal Diagnosis of Fetal
Anomalies. Great Britain: Springer-Verlag London
Limited; 1991. p.35-483.

3. Nyberg DA, Mahoney BS, Pretorius DH. Diagnostic
ultrasound of fetal anomalies. St Louis, MO: Mosby-
Year Book; 1990. p.30.

4. Lys F, DeWals P, Borlee-Grimee [, Billiet A, Vincotte-
Mols M, Levi S. Evaluation of routine ultrasound
examination for the prenatal diagnosis of malforma-
tion. Eur J Obstet Gynecol Reprod Biol 1989;30:101-9.

5. Li TC, Greenes RA, Weisberg M, Millan D, Flatley M,
Goldman L. Data assessing the usefulness of screening
obstetrical ultrasonography for detecting fetal and
placental abnormalities in uncomplicated pregnancy:
Effects of screening a low-risk population. Med Decis

Yonsei Med J Vol 42, No. 6, 2001

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Making 1988;8:48-54.

. Levi 5, Crouzet P, Schaaps JP, Defoort P, Coulon R,

Buekens P, et al. Ultrasound screening for fetal malfor-
mations. Lancet 1989;1:678.

. Rosendahl H, Kivinen S. Antenatal detection of

congenital malformations by routine ultrasonography.
Obstet Gynecol 1989;73:947-50.

. Shirley IM, Bottomley F, Robinson VP. Routine radio-

grapher screening for fetal abnormalities by ultrasound
in an unselected low risk population. Br J Radiol 1992;
65:564-9.

. Chitty LS, Hunt GH, Moore ], Lobb MO. Effectiveness

of routine ultrasonography in detecting fetal structural
abnormalities in a low risk population. Br Med | 1991;
303:1165-9.

Luck CA. Value of routine ultrasound scanning at 19
week: A four year study of 8,849 deliveries. Br Med ]
1992;304:1474-8.

Ewigman BG, Crane JP, Frigoletto FD, LeFevre ML,
Bain RP, McNellis D, et al. Effect of prenatal ultrasound
screening on perinatal outcome. N Engl | Med 1993;329:
821-7.

Pitkin RM. Screening and detection of congenital
malformation. Am ] Obstet Gynecol 1991;164:1045-8.
Hill LM, Breckle R, Gehrking WC. Prenatal detection of
congenital malformations by ultrasonography. Am J
Obstet Gynecol 1985;151:44-50.

Sollie JE, Van Geijn HP, Arts NFT. Validity of a selec-
tive policy for ultrasound examination of fetal
congenital anomalies. Eur ] Obstet Gynecol Reprod Biol
1988;27:125-32.

Sabbagha RE, Sheikh Z, Tamura RK, Dalcompo S,
Simpson JL, Depp R, et al. Predicitive value, sensitivity,
and specificity of ultrasonic targeted imaging for fetal
anomalies in gravid women at high risk for birth de-
fects. Am J Obstet Gynecol 1985;152:822-7.

Campbell S, Pearce JM. The prenatal diagnosis of fetal
structural anomalies by wultrasound. Clin Obstet
Gynecol 1983;10:475-506.

Manchester DK, Pretorius DH, Avery C, Manco-John-
son ML, Wiggins ], Meier PR, et al. Accuracy of ultra-
sound diagnoses in pregnancies complicated by sus-
pected fetal anomalies. Prenat Diagn 1988;8:109-17.
Filly RA, Cardoza JD, Goldstein RB, Barkovich AJ.
Detection of fetal central nervous system anomalies: A
practical level of effort for a routine sonogram. Radio-
logy 1989;172:403-8.

Persson PH, Kullander S, Gennser G, Grennert L,
Laurell CB. Screening for fetal malformations using
ultrasound and measurements of «-fetoprotein in
maternal serum. Br Med | 1983;286:747-9.

Roberts CJ, Evans KT, Hibbard BM, Laurence KM,
Roberts EE, Robertson IB. Diagnostic effectiveness of
ultrasound in detection of neural tube defect: the South
Wales experience of 2509 scans (1977-1982) in high-risk
mothers. Lancet 1983;2:1068-9.

Report of the UK collaborative study. Lancet 1975;1:
1065-80.



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Diagnosis of Fetal Anomalies

Nicolaides KH, Campbell S, Gabbe S, Guidett R.
Ultrasound screening for spina bifida: cranial and
cerebellar signs. Lancet 1986;2:72-3.

Thiagarajah S, Henke J, Hogge WA, Abbitt PL, Breeden
N, Ferguson JE. Early diagnosis of spina bifida: the
value of cranial ultrasound markers. Obstet Gynecol
1990;76:54-7.

Van den Hof MC, Nicolaides KH, Campbell ],
Campbell S. Evaluation of the lemon and banana signs
in 130 fetuses with open spina bifida. Am ] Obstet
Gynecol 1990;162:322-7.

Watson W], Chescheir NC, Katz VL, Seeds JW. The role
of ultrasound in evaluation of patients with elevated
maternal serum alphafetoprotein: a review. Obstet
Gynecol 1991;78:123-8.

Levi S, Hyjazi Y, Schaaps JP, Defoort P, Coulon R,
Buekens P. Sensitivity and specificity of routine antena-
tal screening for congenital anomalies by ultrasound:
the Belgian multicentric study. Ultrasound Obstet
Gynecol 1991;1:102-10.

Ferencz C, Rubin JD, McCarter RJ, Brenner JI, Neill CA,
Perry LW, et al. Congenital heart disease: prevalence at
livebirth. The Baltimore-Washington infant study. Am
] Epidemiol 1985;121:31-6.

Buskens E, Steyerberg EW, Hess J, Wladimiroff JW,
Grobbee DE. Routine prenatal screening for congenital
heart disease: What can be expected? A decision-analy-
tic approach. Am J Public Health 1997;87:962-7.

Kirk J5, Comstock CH, Lee W, Smith RS, Riggs TW,
Weinhouse E. Sonographic screening to detect fetal
cardiac anomalies: A 5 year experience with 111
abnormal cases. Obstet Gynecol 1997;89:227-32.
Anderson N, Boswell O, Duff G. Prenatal sonography
for the detection of fetal anomalies: results of a pro-
spective study and comparison with prior series. AJR
1995;165:943-50.

Levi S, Schaaps JP, DeHavay P, Coulon R, Defoort P.
End-result of routine ultrasound screening for congeni-
tal anomalies: The Belgian multicentric study 1984-82.
Ultrasound Obstet Gynecol 1995;5:366-71.

Buskens E, Grobbee DE, Frohn-Mulder IM, Stowart PA,
Juttmann RE, Wladimiroff JW, et al. Efficacy of routine
fetal ultrasound screening for congenital heart disease
in normal pregnancy. Circulation 1996,94:67-72.

Cho JS, Yoo YG, Choi HM, Lee YH, Park YW. The
usefulness of fetal echocardiography as a screening test.
Korean ] Obstet Gynecol 1998;41:1968-71.

Devore GR, Horenstein ], Siassi B, Platt LD. Fetal
echocardiography, VII. Doppler color flow mapping: A
new technique for the diagnosis of congenital heart
disease. Am ] Obstet Gynecol 1987:156;1054-64.
Shenker L. Reed KL, Marx GR, Donnerstein RL, Allen
HD, Anderson CF. Fetal cardiac Doppler flow studies
in prenatal diagnosis of heart disease. Am J Obstet
Gynecol 1988;158:1267-73.

Achiron R, Glaser J, Gelernter I, Hegesh J, Yagel S.
Extended fetal echocardiographic examination for
detecting cardiac malformations in low risk pregnan-

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

667

cies. Br Med ] 1992;304:671-4.

Tegnander E, Eik-Nes SH, Johansen OJ, Linker DT.
Prenatal detection of heart defects at the routine fetal
examination at 18 weeks in a non-selected population.
Ultrasound Obstet Gynecol 1995;5:372-80.

Hiraishi S, Agata Y, Nowatari M, Oguchi K, Yashiro K,
Nakae S. Incidence and natural course of trabecular
ventricular septal defect: two-dimensional echocardio-
graphy and color doppler flow imaging study. ] Pediatr
1992;120:409-15.

Crane JP, LeFevre ML, Winborn RC, Evans JK,
Ewigman BG, Bain RP, et al. A randomized trial of pre-
natal ultrasonographic screening: impact on the detec-
tion, management and outcome of anomalous fetuses.
Am ] Obstet Gynecol 1994;171:392-9.

Livera LN, Brookfields DSK, Egginton JA, Hawnaur JN.
Antenatal ultrasonography to detect fetal renal abnor-
malities: a prospective screening programme. Br Med
J 1989;198:1421-3.

Helin I, Persson P. Prenatal diagnosis of urinary tract
abnormalities by ultrasound. Pediatrics 1986;78:879-83.
Economou G, Egginton JA, Brookfield DS. The impor-
tance of late pregnancy scans for renal tract abnor-
malties. Prenat Diagn 1994;14:177-80.

Roberts L], Bewley S, Mackinson AM, Rodeck CH. First
trimester fetal nuchal translucency: problems with
screening the general population. Br ] Obstet Gynaecol
1995:102:381-5.

Scott F, Boogert A, Sinosich M, Anderson J. Establish-
ment and application of a normal range for nuchal
translucency across the first trimester. Prenat Diagn
1996;16:629-34.

Hyett J, Perdu M, Sharland G, Snijders R, Nicolaides
KH. Using fetal nuchal translucency to screen for con-
genital cardiac defects at 10-14 weeks of gestation:
population based cohort study. Br Med ] 1999;318:81-5.
Malone FD, Berkowitz RL, Canick JA, D’Alton ME.
First-trimester screening for aneuploidy: Resarch or
standard of care? Am ] Obstet Gynecol 2000;182:490-6.
Souka AP, Snijders RJ, Novakov A, Soares W, Nico-
laides KH. Defects and syndromes in chromosomally
normal fetuses with increased nuchal translucency
thickness at 10-14 weeks of gestation. Ultrasound
Obstet Gynecol 1988;11:391-400.

Hafner E, Schuchter K, Liebhart E, Philipp K. Results
of routine fetal nuchal translucency measurements at
week 10-13 in 4,233 unselected pregnant women.
Prenatal Diagn 1998;18:29-34.

Bilardo CM, Pajkrt E, de Graaf IM, Mol BW, Bleker OP.
Outcome of fetuses with enlarged nuchal translucency
and normal karyotype. Ultransound Obstet Gynecol
1998;11:401-6.

Fukada Y, Yasumizu T, Takizawa M, Amemiya A,
Hoshi K. The prognosis of fetuses with transient nuchal
translucency in the first and early second trimester.
Acta Obstet Gynecol Scand 1998;76:913-6.

Cha’ban FK, Van Splunder P, Los FJ, Wladimiroff JW.
Fetal outcome in nuchal translucency with emphasis on

Yonsei Med J Vol 42, No. 6, 2001



668 Yong-Won Park

normal fetal karyotype. Prenat Diagn 1996;16:537-41. congenital cardiac defects at 10-14 weeks of gestation:
52. Hyett J, Perdu M, Sharland G, Snijders R, Nicolaides Population based cohort study. Br Med ] 1999;318:81-5.
KH. Using fetal nuchal translucency to screen for major

Yonsei Med J Vol 42, No. 6, 2001



