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Preface
Ultrasound 1n obstetrics

Lynn L. Simpson, MD
Guest Editor

Ultrasound has become an integral component of obstetric care, with the vast
majority of patients having at least one ultrasound examination during preg-
nancy. From the determination of early pregnancy and gestational age to the
evaluation of fetal growth and well being, ultrasound is a valuable diagnostic tool
for the practicing obstetrician. Recent advances in obstetric ultrasonography
have increased its importance in managing pregnancies at risk for aneuploidy,
structural anomalies, preterm delivery, and blood flow abnormalities. Compiled
of contributions from leading experts across the country, this issue of Obstetrics
and Gynecology Clinics of North America demonstrates the expanding role of
ultrasound in the field of obstetrics.

In the United States, ultrasound has been incorporated into prenatal screening
programs aimed at identifying fetal chromosomal abnormalities. From their
important work on the FASTER Trial (First and Second Trimester Evaluation
of Risk), a multicenter prospective study comparing first and second trimester
methods of screening for fetal aneuploidy, Karlla Brigatti and Dr. Malone provide
a thorough review of first trimester screening including the ultrasonographic
evaluation of nuchal translucency. The genetic sonogram, comprised of an
evaluation of various sonographic markers during the second trimester, has
been used to provide an individualized risk assessment for patients. An expert
in both Maternal Fetal Medicine and Genetics, Dr. Stewart presents the poten-
tial benefits and obvious limitations of ultrasound in the detection of various
fetal chromosomal abnormalities.

0889-8545/04/$ — see front matter © 2004 Elsevier Inc. All rights reserved.
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In addition to decreasing the likelihood of fetal aneuploidy, patients want
reassurance that their infants will be born without major structural abnormalities.
Dr. Goldberg, who has devoted his career to prenatal diagnosis, provides an
excellent overview of the routine screening ultrasound examination and the
expected detection rates for fetal anomalies. My chapter on screening for
congenital heart disease follows with the conclusion that the evaluation of mul-
tiple cardiac views at the time of routine prenatal ultrasound has the highest
probability of detecting heart defects prior to birth. In contrast to the prenatal
detection of major fetal malformations, there are many ultrasonographic findings
that may or may not represent true pathology. Drs. Rochon and Eddleman
present a detailed review of the most controversial ultrasound findings and
provide a useful evidence-based approach to their management.

Diagnostic and therapeutic interventions are often necessary for patients at
risk for aneuploidy or when an ultrasonographic abnormality is identified.
Experienced clinicians, Drs. Ralston and Craigo provide a comprehensive review
of the various ultrasound-guided procedures that are in use today for fetal
diagnosis and therapy.

Although the fetus is often the focus during obstetric ultrasound examination,
an evaluation of the cervix may be of importance in some patients. Drs. Doyle
and Monga present an excellent discussion on the utility of ultrasound in
women with prior second trimester pregnancy loss, previous preterm delivery,
and multiple gestation. They provide logical guidelines for the ultrasonographic
assessment of cervical length in patients at risk for preterm birth, emphasizing
that the transvaginal approach is the optimal way to evaluate the cervix during
pregnancy. In addition to an evaluation of cervical length, obstetric ultrasound
plays an important role in multiple gestations. Drs. Egan and Borgida provide
an extensive review of the use of ultrasound in twins, from diagnosis to deliv-
ery, demonstrating its favorable impact on the management of these high-
risk pregnancies.

Ultrasound evaluations in the third trimester involve assessments of fetal
growth and well-being. An expert in ultrasonography, Dr. Lerner presents an
overview of fetal growth and the accuracy of ultrasound to detect abnormalities
such as intrauterine growth restriction and macrosomia. In addition to fetal
growth, obstetric ultrasound permits an evaluation of the intrauterine environ-
ment. In a well-illustrated review, Dr. Marino discusses the use of ultrasound
to evaluate the amniotic fluid volume, fetal membranes, umbilical cord, and
placenta. This issue of Obstetrics and Gynecology Clinics of North America
is concluded with a comprehensive presentation on fetal Doppler velocimetry.
All leaders in the field, Drs. Mari, Detti, Cheng, and Bahado-Singh present
the major applications of Doppler velocimetry in obstetrics. Although Doppler
velocimetry is a relatively new technique, it has become an integral compo-
nent of fetal testing and represents a significant advance in the field of ob-
stetric ultrasound.

I would like to extend my sincere thanks to the authors who contributed
to this issue on “Ultrasound in Obstetrics”. It provides a thorough update
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on recent advances in the field and it is my hope that the contents will be useful to
practitioners providing care to pregnant women.

Lynn L. Simpson, MD

Guest Editor

Associate Professor of Obstetrics and Gynecology
Director of Labor and Delivery

Division of Maternal Fetal Medicine

Columbia Presbyterian Medical Center
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First-trimester screening for aneuploidy
Karlla W. Brigatti, MS, Fergal D. Malone, MD

Division of Maternal-Fetal Medicine, Department of Obstetrics and Gynecology,
Columbia University College of Physicians and Surgeons, Columbia Presbyterian Medical Center,
622 West 168th Street, PH16, New York, NY 10032, USA

Prenatal screening for Down syndrome and other aneuploidies has expanded
substantially over the past 20 years. Initially only women of advanced maternal
age (> 35 years old at delivery) or those with a previously affected pregnancy
were offered the option of invasive prenatal diagnosis using amniocentesis or
chorionic villus sampling (CVS). Subsequently, prenatal diagnosis of aneuploidy
became possible for those in the general obstetric population identified at in-
creased risk for Down syndrome by second-trimester multiple marker serum
screening or abnormal second-trimester sonographic markers, or soft signs, for
Down syndrome. At present, the most efficient multiple marker screening test in
the second trimester is known as the “quad” screen, a biochemical marker panel
comprised of alpha-fetoprotein (AFP), human chorionic gonadotropin (hCG),
unconjugated estriol, and inhibin-A [1]. This combination approach yields sen-
sitivities for Down syndrome of 67% to 76% for a 5% false-positive rate, de-
pending on whether menstrual or sonographic dating are used [2].

This common method of screening has several limitations. The earliest it can
reliably be performed is 15 weeks gestation, limiting the choice of definitive
diagnosis of aneuploidy to amniocentesis and pushing prenatal diagnosis into the
latter second trimester. Furthermore, over 25% of Down syndrome cases are not
detected with this screening approach, and the 5% false-positive rate ensures
that as many as 60 amniocentesis procedures need to be performed for every
single case of Down syndrome detected [3]. Given the pregnancy loss rate of 1 in
200 associated with amniocentesis, about one normal fetus is lost for every three
fetuses with Down syndrome detected.

Clearly, the current approach of second-trimester screening is not ideal. A
great deal of interest has been directed toward shifting prenatal screening for
Down syndrome and other aneuploidies to the first trimester using the sono-
graphic measurement of the fetal nuchal translucency (NT) alone and in com-

E-mail address: fdm9@columbia.edu (F.D. Malone).
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bination with other sonographic and serum markers. This article focuses on the
current data and status of first-trimester screening for Down syndrome and ad-
dresses the issues of implementation before it can be endorsed for widespread use
in everyday clinical practice.

Fetal nuchal translucency

Nuchal translucency refers to the normal subcutaneous fluid-filled space be-
tween the back of the fetal neck and the overlying skin. In most cases, this area
can be measured accurately and reproducibly on ultrasound between 10 and
14 weeks’ gestation. It is commonly believed that the larger the NT measurement,
the greater it’s association with Down syndrome, other aneuploidy, major struc-
tural malformations, and adverse pregnancy outcome (Fig. 1) [4,5]. The etiology
of increased NT may be variable, but it is commonly believed to be caused by
fluid accumulation in the nuchal region because of aortic isthmic narrowing or
other fetal cardiovascular defects [4], abnormalities in the extracellular matrix, or
abnormal or delayed development of the lymphatic system [6].

Nuchal translucency screening for Down syndrome

Earlier studies of NT-based screening were generally performed on small
numbers of subjects and retrospective in nature, drawn from select high-risk
populations. They demonstrated substantial variation in Down syndrome detec-
tion rates ranging from 46% to 62%, likely caused by differing criteria and skill

Fig. 1. Ultrasound image of a fetus with Down syndrome at 12 weeks gestation with an increased
nuchal translucency of 3.7 mm.
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levels at measuring NT, differences in success of obtaining measurements, varia-
tion in gestational ages included in screening, and varying definitions of normal
versus abnormal NT cutoffs [3]. These studies using high-risk women could not
effectively extrapolate their results to the role of NT screening in the general
population, because it overestimates the true performance of the test.

Results of studies in the general obstetric population in a routine clinical
setting have been mixed, with a range of detection rates for Down syndrome
between 29% and 100%. Table 1 includes 30 published studies on the perform-
ance of NT-based screening for Down syndrome in the general population
between 1966 and April 2003 [7—-36]. Studies were included in this table if pa-
tients were reported as being unselected or from the general population, but
excluded if they described less than five cases of Down syndrome or retrospec-
tive case:control series [37—40]. In total these studies include 316,311 patients
screened by NT measurement in the first trimester. A total of 1177 fetuses with
Down syndrome were ascertained in this population, for a prevalence of 3.7 per
1000 pregnancies. In 11 of the 30 studies included in Table 1, the prevalence of
Down syndrome was 5 per 1000 or greater, suggesting that these studies were
not representative of the general obstetric population [7,13—-15,19,20,25,26,30,
34,35]. Using data from all 30 studies, NT screening had an overall sensitivity for
Down syndrome of 77% with a 6% false-positive rate. The odds of a positive
screen result being a true positive for Down syndrome were approximately 5%.
The data from these studies suggest that an abnormal NT measurement is 13 times
more likely to be present in cases of Down syndrome, compared with when the
fetus does not have this condition. Conversely, a normal NT measurement is
about one quarter as likely in unaffected cases.

It should be noted that these likelihood ratios may be overestimated because
of the lack of accounting for the intrauterine lethality of Down syndrome in most
of these studies; as many as 40% of fetuses alive at the time of first-trimester
screening result in spontaneous intrauterine demise [41]. Underascertainment of
Down syndrome is a significant limitation of studies in which a fetal or neonatal
karyotype is not obtained on all patients. Because Down syndrome pregnancies
are more likely to result in fetal demise, a significant portion of early pregnancy
losses may have Down syndrome. In one review of the topic, the mean Down
syndrome detection rate for studies subject to ascertainment bias was 77%,
whereas it was only 55% in studies not subject to it [42]. Only 9 of the 30 studies
listed in Table 1 described efforts to maximize the ascertainment of Down syn-
drome cases in stillbirth or early pregnancy losses [8—10,16,17,23,28,33,36].
Ultimately, under ascertainment of Down syndrome cases can only be minimized
by study methodologies that use extensive pregnancy follow-up, and eliminated
altogether with complete karyotypic information on all pregnancies that were
subjected to screening.

This has been a criticism of the largest study to date on NT-based screening in
the general population, conducted by the Fetal Medicine Foundation in London
on 96,127 unselected patients at 22 centers between 10 and 14 weeks gestation.
That series reported a Down syndrome detection rate of 82% for an 8% false-



Table 1
Studies of nuchal translucency ultrasound in an unselected prenatal population

Down syndrome

Study Number of fetuses Prevalence* Sensitivity (%) FPR % PPV % LR (+) LR (-)
Kornman et al [7] 537 13 2/7 (29) 6.4 5.6 5 0.8
Taipale et al [8] 6939 0.9 4/6 (67) 0.8 6.7 83 0.3
Hafher et al [9] 4233 1.7 3/7 (43) 1.7 4.1 25 0.6
Economides et al [10] 2256 35 5/8 (63) 1 17.9 63 0.4
Theodoropoulos et al [11] 3550 3.1 10/11 (91) 2.6 9.9 35 0.1
Snijders et al [12] 96,127 3.4 268/326 (82) 8 3.4 10 0.2
Pajkrt et al [13] 1473 6.1 6/9 (67) 1.8 18.2 37 0.3
De Biasio et al [14] 1467 8.9 8/13 (62) 6.7 7.5 9 0.4
Quispe et al [15] 424 16.5 7/7 (100) 1.7 50 59 —
Whitlow et al [16] 6443 3.6 13/23 (57) 0.3 37.1 188 0.4
Schwarzler et al [17] 4523 2.7 10/12 (83) 4.9 43 17 0.2
Thilaganathan et al [18] 9802 2.1 16/21 (76) 4.7 33 16 0.3
Krantz et al [19] 5809 5.7 24/33 (73) 5 7.6 15 0.3
O’Callaghan et al [20] 1000 8 6/8 (75) 6.2 8.8 12 0.3
Niemimaa et al [21] 1602 3.1 3/5 (60) 11.6 1.6 5 0.5
Schuchter et al [22] 9342 2 11/19 (58) 2.3 5 25 0.4
Audibert et al [23] 4130 2.9 9/12 (75) 49 43 15 0.3
Michailidis et al [24] 7447 3.1 19/23 (83) 4.5 5.4 18 0.2
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Gasiorek-Wiens et al [25]
Zoppi et al [26]
Brizot et al [27]
Wayda et al [28]
Schuchter et al [29]
Murta and Franca [30]
Rozenberg et al [31]
Crossley et al [32]
Lam et al [33]

Bindra et al [34]
Comas et al [35]
Wald et al [36]

TOTAL

21,959
10,157
2557
6841
4939
1152
6234
17,229
16,237
14,383
7536
39,983

316,311

9.6
6.3
39
25
2.8
12.2
3.4
2.6
22
5.7
5
2.1

3.7

1741210 (83)
58/64 (91)
7/10 (70)
17/17 (100)
8/14 (57)
9/14 (64)
13/21 (62)
20/37 (54)
24/35 (69)
64/82 (79)
38/38 (100)
54/85 (63)

910/1,177 (77.3)
(95% CI: 75-80)

8.9
9.6
6.5
43
49
42
2.8

W

5.9
(5.8-6)

8.2
5.7
4
5.5
32
15.8
7
2.3
2.9
8.3
9.4
2.6

47
(45-4.8)

11
23
12
15
22
11
14
16
20
13

13.1
(12.7-13.5)

0.24
(0.22-0.27)

Pooled 95% confidence intervals given in parentheses at bottom of table.

Abbreviations: FPR, Falsepositive rate; LR (+), likelihood ratio for Down syndrome given positive result; LR (—), likelihood ratio for Down syndrome given negative

result; MoM, multiples of median; PPV, positive predictive value.
* Prevalence of Down syndrome per 1000 ascertained pregnancies.
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positive rate, equivalent to a 77% detection rate for a 5% false-positive rate [12].
Investigators in that study calculated that based on the maternal age and ges-
tational age distribution of the enrolled subjects, in the absence of any screening,
266 live Down syndrome births would have resulted in their study group. As-
suming that as many as 40% of first-trimester Down syndrome cases spontane-
ously demise in utero, the 266 live births with Down syndrome suggest that at
least 443 fetuses with Down syndrome were viable at 10 to 14 weeks gestation
(40% of 443 = 177; 433 to 177 = 266 term live births). The quoted detection
rate of 268 (82%) per 326 should have been stated more correctly as 268 (60%)
per 443 [41]. Underascertainment of true cases of Down syndrome in this study
most likely masks a true sensitivity between 60% and 77% for a 5% false-positive
rate [12,41]. Indeed, this issue may be one of the reasons the Fetal Medicine
Foundation group has revised the performance characteristics of NT-based
screening five times over the past 6 years, with detection rates varying from
73% to 84% for a false-positive rate of 5% [12,34,43—-45].

Another limitation of the current literature on NT-based screening is the lack
of information on the success rate at obtaining an NT measurement [10—12,
14-16,19-22,24,28,30,35]. Some studies suggest a 100% success rate at obtain-
ing an NT measurement [17,25—27,34] but none provide any information on the

Box 1. Criteria to maximize good quality of NT ultrasound

1. NT ultrasound should only be performed by sonographers
certified in the technique.

2. Transabdominal or transvaginal approach should be left to
the sonographer’s discretion, based on maternal body
habitus, gestational age, and fetal position.

3. Gestation should be limited between 10 and 14 weeks

(Crown Rump Length (CRL) 36 to 80 mm).

. Fetus should be examined in a mid-sagittal plane.

. Fetal neck should be in a neutral position.

. Fetal image should occupy at least 75% of the view-

able screen.

7. Fetal movement should be awaited to distinguish between
amnion and overlying fetal skin.

8. Calipers should be placed on the inner borders of the nu-
chal fold.

9. Calipers should be placed perpendicular to the fetal body
axis.

10. At least three NT measurements should be obtained, with
the mean value of those used in risk assessment and pa-
tient counseling.

11. At least 20 minutes may need to be dedicated to the NT
measurement before abandoning the effort as failed.

o oA
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adequacy of the images once obtained. In the multicenter Scottish Trial of first-
trimester screening, in which NT screening training and quality control were
overseen by the Fetal Medicine Foundation, one acceptable measurement was
obtained in 73% of cases, and three acceptable images were gathered in only 52%
[32]. Calculating Down syndrome detection rates based on a subgroup of patients
on whom the fetal NT could be measured, rather than all patients who present for
screening, is inappropriate. In the Scottish Trial, the detection rate for Down
syndrome was 54% for a 5% false-positive rate for patients in which an NT could
be obtained, but only 44% when all patients who presented for screening were
considered [32]. Special attention should be placed on quality control to ensure
that the measurements obtained are consistently satisfactory. The elements of
one commonly accepted NT technique, used in the recently completed FASTER
Trial in the United States, are listed in Box 1.

One striking shortcoming of the current literature on NT-based screening is the
lack of control group for comparison between first-trimester screening and the
current standard of care of second-trimester multiple marker screening. Only one
of the studies listed on Table 1 used a control group for comparison [36]. Most
comparisons available to date between first- and second-trimester screenings
were derived using hypothetical mathematical modeling or data from multiple
studies. It is inappropriate to use data on first-trimester screening performance
from one study with data on the second-trimester screening performance from a
different study, because the prevalence of Down syndrome is different between
those two populations.

251

21.1
20 A

%

6.2 6.1
5 4
2.7
1.2

0 4

NT AFP +hCG  Triple Quad  NT,PAPP- PAPP-A, NT, PAPP-

screen screen A hCG Quad A, Quad
(combined) (integrated)

Fig. 2. Variation in false-positive rates for a fixed 85% detection rate for Down syndrome according to
the method of screening. AFP, alpha-fetoprotein; hCG, human chorionic gonadotropin; NT, nuchal
translucency; PAPP-A, pregnancy-associated plasma protein-A. NT, nuchal translucency; AFP,
alphafetoprotein; hCG, human chorionic gonadotropin; PAPP-A, pregnancy associated plasma protein
—A. (Data from Wald NJ, Rodeck C, Hackshaw AK, Walters J, Chitty L, Mackinson AM. First and
second trimester antenatal screening for Down’s syndrome: the results of the Serum, Urine and
Ultrasound Screening Study (SURUSS). J Med Screen 2003;10:56—104.)
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A direct comparison between the current range of screening tests in the first
and second trimesters in the general obstetric population will soon be possible
through recently completed trials in the United States (the FASTER Trial) and
the United Kingdom (the SURUSS Trial). The comparative performance of
various screening methods from the SURUSS Trial is summarized in Fig. 2 [36].

Nuchal translucency screening for other aneuploidy

The Fetal Medicine Foundation study described previously observed that
NT-based screening may identify other aneuploidies beside Down syndrome.
Based on prenatal diagnosis and neonatal ascertainment, it observed detection
rates of 81% for trisomy 18, 80% for Turner’s syndrome, and 63% for triploidy.
Cases that would be expected to spontaneously demise were not included in the
analysis [12]. Because the true prevalence of these conditions in the first trimester
is uncertain, and most affected fetuses spontaneously die in utero, true detection
rates for these cases are difficult to calculate. Based on the frequency of these
aneuploidies observed in newborns, it is estimated that approximately 80% of
these cases result in spontaneous abortion in the absence of screening [46]. It is
possible that NT-based screening may preferentially identify those pregnancies
with the highest likelihood of intrauterine death [47]. It is a matter of debate
whether a screening method that identifies such pregnancies holds any advantage
for the screened population.

Nuchal translucency screening in multiple gestations

Risk assessment for Down syndrome in multiple gestation pregnancies has had
several limitations until the advent of NT-based screening. Maternal serum screen-
ing has not been used widely with multiple gestations because of the potential
for discordance between twins and the impact of different placentas on the var-
ious analytes. The detection rate for Down syndrome by the second-trimester
serum quad test in twins has been estimated at only 47% for a 5% false-positive
rate, although this varies depending on whether the pregnancy is monochorionic
or dichorionic [48].

In contrast, it does not seem that NT distribution differs significantly in sin-
gleton versus twin pregnancies, such that the detection rates for single and twin
gestations may be similar. The false-positive rate in monochorionic twin ges-
tations may be higher, attributed to some complications unique to monochorionic
twins that present with increased NT, such as twin-to-twin transfusion syndrome
[49]. Additional research on this approach to screening multiple gestation
pregnancies is still needed, although NT measurement should represent a sig-
nificant improvement over serum screening for these cases. NT ultrasound is
currently being used by some centers to assist in the selection of fetuses targeted
for reduction in higher order multiple gestations.
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Nuchal translucency measurement with maternal serum markers: combined
and integrated screening

Studies of first-trimester maternal serum screening have consistently shown
that increased risk of fetal Down syndrome is associated with higher levels of
total hCG and the free beta component of hCG (FBhCG), and lower levels of
PAPP-A. Studies of the combination of F3hCG, PAPP-A, and maternal age uni-
formly demonstrate a detection rate of approximately 60% with a 5% false-
positive rate [50].

These first-trimester serum markers seem to be independent of NT, which
implies that both serum and ultrasound approaches can be combined into a single
protocol with a higher sensitivity than each alone. A total of seven published
studies of the combined method of screening met the same criteria described
earlier for NT-based screening alone. Detection rates for the combined test are
summarized in Table 2. A total of 85,412 patients were screened in these studies,
with the overall sensitivity for Down syndrome of 82% for a 5% false-positive
rate [14,19,21,29,32,34,36]. Most of these studies did not provide extensive
information in their methodology section describing ascertainment of preg-
nancy outcome, so the true estimate of Down syndrome detection is unknown.
The positive predictive value for Down syndrome in the context of an abnormal
combined screen was 5.4% (confidence intervals 5.1 to 5.7). Furthermore, the
data from Table 2 suggest that an abnormal combined screen result is 18 times
more likely when Down syndrome is present compared with euploid cases
(positive likelihood ratio 17.5, 95% confidence intervals 16.6 to 18.7). A normal
combined screen result is associated with a one fifth as likely chance of Down
syndrome (negative likelihood ratio 0.18, 95% confidence intervals 0.14 to 0.24).

Using the NT measurement and maternal serum markers from the first tri-
mester in combination with maternal serum analytes from the second trimester
to provide one single Down syndrome risk assessment has been proposed as a
superior alternative to estimating separate Down syndrome risks in each trimester
alone. This two-step approach, commonly known as the “integrated test,” in-
volves the combination of NT ultrasound and maternal serum PAPP-A in the first
trimester followed by maternal serum AFP, hCG, unconjugated estriol, and in-
hibin-A in the second trimester, with a single result provided in the second
trimester. The advantage of this testing seems to be its very high detection rate
for Down syndrome, which models suggest may be as high as 94% for a 5%
false-positive rate [51]. Such an approach could also significantly reduce the
false-positive rate to as low as 1%, while maintaining a high detection rate of
85% (see Fig. 2) [36].

Integrated screening has been introduced at a few centers in the United States,
but it remains controversial. The primary concern with this screening method
focuses on withholding a potentially significant first-trimester NT finding from
the patient until after the second-trimester component of the test has been
completed [52]. One study estimated, however, that only 0.05% of women
undergoing the integrated test have a risk for Down syndrome by NT measure-



Table 2
Performance characteristics of the combined test: nuchal translucency and first-trimester maternal serum

Down syndrome

Study Number of fetuses Prevalence* Sensitivity (%) FPR % PPV % LR (+) LR (—)
DeBiasio et al [14] 1467 8.9 11/13 (85) 33 18.6 26 0.2

Krantz et al [19] 5809 5.7 30/33 (91) 5 9.4 18 0.1
Niemimaa et al [21] 1602 3.1 4/5 (80) 8.3 2.9 10 0.2
Schuchter et al [29] 4939 2.8 12/14 (86) 5 4.7 17 0.2
Crossley et al [32] 17,229 2.6 28/45 (62) 5 3.1 12 0.4

Bindra et al [34] 14,383 5.7 75/82 (92) 7.1 6.8 13 0.1

Wald et al [36] 39,983 2.1 68/85 (80) 3.4 4.8 24 0.2

TOTAL 85,412 3.1 228/277 (82.3) 4.7 5.4 17.5 0.18

(95% CI: 77-87) (4.6-4.8) (5.1-5.7) (16.6—18.7) (0.14-0.24)

Pooled 95% confidence intervals given in parentheses at bottom of table.
Abbreviations: FPR, Falsepositive rate; LR (+), likelihood ratio for Down syndrome given positive result; LR (—), likelihood ratio for Down syndrome given negative
result; PPV, positive predictive value.

* Prevalence of Down syndrome per 1000 ascertained pregnancies.
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ment and maternal age alone sufficiently high that serum markers from both the
first and second trimesters do not modify this risk [53].

The results of the recently completed FASTER and SURUSS trials help to
evaluate the relative performances of these various approaches to Down syn-
drome screening and elucidate patient preference. Ultimately it is likely that
national screening policy will recognize a range of possible screening options,
with the decision as to which test to select individualized by the physician and
genetic counselor to suit each patient’s needs.

First-trimester fetal ductus venosus flow

In addition to NT measurement, first-trimester ductus venosus (DV) flow
studies have been identified as useful for aneuploidy screening. Forward biphasic
pulsatile DV flow is normal, whereas reversed flow at the time of atrial contrac-
tion has been associated with aneuploidy and cardiac defects (Fig. 3) [54]. Studies
evaluating this association found between 59% and 93% of aneuploid fetuses
had abnormal DV flow velocities, with the same finding present in only 3% to
21% of chromosomally normal fetuses [54—59]. Study of the DV flow velocity
waveform following an NT ultrasound evaluation may be useful in modifying
a patient’s risk for aneuploidy. The use of this approach may be to improve
the detection rate of NT ultrasound alone, or alternatively to reduce the false-
positive rate.

Fig. 3. Ultrasound image of ductus venous flow velocity waveform in a chromosomally normal
13-week fetus. The Doppler gate is placed in the ductus venosus between the umbilical venous sinus
and the inferior vena cava. Note that there is biphasic pulsatile flow with constant forward flow. The
troughs of flow during the atrial contraction also demonstrate forward flow.
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Several drawbacks to DV flow studies should be considered. The DV vessel
itself may be as small as 2 mm at 10 to 14 weeks and a typical Doppler gate size
may vary from 0.5 to 2 mm in size. It can be difficult to obtain accurate flow
velocity waveforms from such a tiny vessel without contamination of the
waveform from neighboring blood vessels. For example, if the Doppler gate is
placed too proximally near the umbilical sinus, normal continuous venous flow
from the umbilical vein may obscure the absence of flow during the atrial
contraction in the DV. Alternatively, placement of the Doppler gate too far
distally, near the insertion of the DV into the inferior vena cava, may lead to the
erroneous diagnosis of reversal of flow at the atrial contraction, because such
reversal of flow is normal in the inferior vena cava. Furthermore, it is not suf-
ficiently clear from published studies of NT and DV flow whether these two
sonographic features are in fact completely independent of one another. If they
are not then it may not be statistically valid to use one test to alter the risk
assessment derived from the other. Based on these concerns, first-trimester DV
Doppler flow studies may best be limited to predicting the prognosis of fetuses
with normal chromosomes and increased NT [60].

First-trimester fetal nasal bone

An absent fetal nose bone on first-trimester ultrasound has been correlated
with an increased risk for Down syndrome. In a study conducted by Cicero et al
[61], 701 fetuses with increased NT were evaluated for the presence or absence
of the nasal bone on first-trimester ultrasound. In this series, the fetal nose bone
could not be visualized in 73% (43 of 59) of Down syndrome fetuses and in

Fig. 4. Ultrasound image of fetal nasal bone evaluation in a chromosomally normal fetus at 13 weeks
gestation. Various features of good nasal bone technique are evident in this image: a good mid-sagittal
plane; clear fetal profile; downward-facing spine; slight neck flexion; and two echogenic lines,
representing the overlying fetal skin and the nasal bone. The arrow represents the fetal nose bone,
which loses its echogenicity distally.
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only 0.5% (3 of 603) of unaffected ones. The authors believed that the absence
of fetal nose bone to be independent of NT size and the two ultrasound screening
methods could be combined into one modality, with a predicted sensitivity of
85% for a 1% false-positive rate [61]. This study was challenged by a subsequent
report of five consecutive Down syndrome cases, each of which was reported
to have a visible nose bone [62]. None of the five ultrasound images presented
in this latter report, however, represented optimal views to evaluate the fetal
nasal bone.

Adequate imaging of the fetal nose bone can be technically challenging in
the first trimester. The nose bone should be visualized on ultrasound along the
mid-sagittal plane of the fetus, in perfect profile and with slight neck flexion. The
fetal spine should be facing downward. Two echogenic lines at the fetal nose
bone profile should be evident: the superficial one of the nasal skin and a deeper
echogenic line representing the nasal bone, which is also more echolucent at the
distal end (Fig. 4). Furthermore, the ultrasound beam should not be parallel to the
plane of the nose bone, because it may erroneously suggest an absent nose bone.

Ultimately, general population studies are needed to determine the success
rate of adequately imaging the fetal nose bone, to evaluate the independence of
nasal bone from NT and maternal serum markers, and to determine the feasibility
of using this ultrasound marker for Down syndrome screening in mainstream
clinical practice.

Implementing nuchal translucency into clinical practice

Nuchal translucency ultrasound has pushed prenatal screening for Down
syndrome into the first trimester, and may lead to major advances in prenatal
care. There are still several practical issues that need resolution, however, before
first-trimester screening can be endorsed for implementation into routine clini-
cal practice.

Quality control

The variability in quality control measures among earlier studies of NT
screening likely accounts for the significant inconsistencies in quoted Down
syndrome detection rates between them. NT ultrasound is extremely operator-
dependent and is a poor technique for general obstetric screening if strict guide-
lines and ongoing quality control measures are not in place [63]. One multicenter
study in which adequate training and quality control were not addressed had
a Down syndrome detection rate of only 31% [63]. Systems must be in place
at each local ultrasound practice to maintain ongoing quality control measures.
Appropriate training, adherence to a standard and reproducible technique, and
experience are key to the success of NT ultrasound as a reliable screening
tool [64]. Box 1 lists the criteria for sustaining a reliable and high-quality NT
ultrasound program.
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Several pragmatic issues regarding NT quality control remain unresolved.
There is no certification or credentialing system in place to ensure that those
performing NT ultrasound are appropriately trained and monitored, nor are there
any guidelines in place for retraining sonographers whose image quality has
deteriorated over time. Consensus on the regulation and maintenance of NT
ultrasound quality must be reached on a national basis before it can be applied
for widespread use.

Nuchal translucency interpretation

The natural increase of NT measurement by 17% per week should be con-
sidered when calculating cutoffs for use with an increased NT [65]. It is inap-
propriate to choose a single millimeter cutoff to define a specific NT measurement
as abnormal or select a pregnancy that warrants invasive prenatal diagnostic
testing. More appropriate measures include using the 95th percentile for gesta-
tional age or multiples of the median (MoM). Unfortunately, detailed information
on such cutoffs is not available in the literature and all require a computer pro-
gram to integrate adequately other background data, such as maternal age, into the
final risk calculation.

It is still unclear if generic population medians to interpret NT measurements
are valid or whether such medians for risk calculations should be center-specific
or sonographer-specific. These differences in center-specific medians were ad-
dressed in one Scottish study of 15 centers evaluating 17,229 patients with in-
dividual center NT median MoMs ranging between 0.7 and 1.4 MoMs [16]; the
ideal median MoM should be 1. The dramatic consequences of such large
variability in median MoMs between centers can be illustrated in the Down
syndrome risk calculated for a 37-year-old patient with a 1-mm NT measurement,
who would be quoted a 1:1400 risk for a fetus with Down syndrome were the
0.7 MoM used, to a 1:285 risk with a 1.4 MoM [32]. In the recently completed
SURUSS study, the use of sonographer-specific medians compared with center-
specific medians resulted in an improvement of 5% in overall Down syndrome
detection rates [36].

Impact on second-trimester maternal serum screening

Implementing NT screening in isolation will likely have a negative impact on
the current second-trimester serum screening programs, because the positive
predictive value of second-trimester screening may be reduced as much as sixfold
following NT screening [66]. The number of fetuses with Down syndrome
entering the second trimester will be significantly reduced because many of them
will have already been diagnosed in the first trimester. Sequential screening with-
out modification of marker cutoffs may increase the overall false-positive rate
substantially, resulting in an increased number of amniocenteses and procedure-
related pregnancy losses [67]. It also introduces two independent risk results,
creating unnecessary confusion and anxiety for the patient [53]. The only way to
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eliminate this inefficiency is either to use the integrated test or modify the second-
trimester risk cutoffs to account for the prior first-trimester screen result.

Eliminating second-trimester screening altogether to avoid the aforementioned
confusion negatively impacts prenatal neural tube defect detection, which is
performed through second-trimester maternal serum AFP evaluation. Maternal
serum AFP is uninformative for neural tube defects in the first trimester, so to
drop it as part of the current second-trimester serum screening program may lead
to more cases of neural tube defects being missed prenatally. Furthermore, nearly
25% of pregnant women in the United States do not seek prenatal care early
enough in their pregnancy to avail of first-trimester screening [68]. Second-
trimester maternal serum screening will likely remain an important part of Down
syndrome screening.

Impact on second-trimester genetic sonogram

First-trimester screening does not eliminate the need for second-trimester
ultrasound for the detection of gross structural fetal anomalies. It does negatively
impact the positive predictive value of ultrasonographic “soft markers” associ-
ated with Down syndrome (such as echogenic bowel and short femurs) because
the number of fetuses with Down syndrome decreases following first-trimester
screening. The manner in which patients are counseled regarding their second-
trimester ultrasound findings should also be considered. The relevance of these
sonographic soft markers in a population of pregnancies that has already under-
gone first-trimester screening is unknown. If no allowances for the reduction in
second-trimester aneuploid fetuses are made when performing the second-
trimester fetal anatomy ultrasound, it is likely that more unnecessary amniocen-
teses will be performed without a substantial increase in aneuploid detection.

Availability of early prenatal diagnosis

One of the most compelling features of first-trimester screening for Down
syndrome is the shift to earlier diagnosis of aneuploidy through CVS at 10 to
13 weeks gestation. CVS is not as widely available as amniocentesis on a national
basis [69]. Early amniocentesis is no longer optimal because of its higher
association with fetal loss, fetal clubfoot, and procedure failure [70]. If patients
identified at higher risk for Down syndrome on NT screening do not have ready
access to CVS they may experience increased anxiety waiting 3 or 4 weeks for
the opportunity to undergo amniocentesis at 15 weeks. A policy of first-trimester
screening for Down syndrome should not be implemented unless first-trimester
diagnosis by CVS is locally available. If a patient desires the benefit of first-
trimester screening but does not have the option of CVS, the best approach may
be to use the first-trimester screening information as part of the integrated test at
15 weeks to provide her with possibly the single most comprehensive prenatal
risk assessment for Down syndrome.
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Appropriate patient counseling

Informed consent regarding the variety of prenatal screening options should
be an integral part of the screening process itself. The complexity of choices
regarding the different screening options demands that pretest counseling be
provided to patients before their deciding on these newer forms of screening.
Women of advanced maternal age may use first-trimester screening to decide
between CVS and amniocentesis, or whether to undergo any invasive prenatal
diagnostic procedure at all. Some patients may be interested in the earliest result
in pregnancy and may best be served by combined testing. Other women may be
most concerned with maximizing the detection rate and may most benefit from
integrated testing. There is also a subset of prenatal patients who do not present
early enough in pregnancy to benefit from first-trimester screening and may need
to use second-trimester multiple marker screening and second-trimester genetic
sonogram for their Down syndrome risk assessment.

Cost-effectiveness

At present first-trimester ultrasound is not standard-of-care in the United
States, although it offers many patient benefits, such as accurate gestational
dating, determination of chorionicity in multiple gestations, and detection of
major malformations like anencephaly. Because most fetal anomalies cannot be
detected on ultrasound until the second trimester, the NT ultrasound presents an
extra examination and additional costs. Cost-benefit analyses comparing first-
and second-trimester screening have had mixed results [71]. Such analyses must
also include the costs associated with prenatal diagnostic procedures, termination
costs of affected pregnancies in both first and second trimesters, and costs of the
aneuploid pregnancies identified in the first trimester that would normally
spontaneously demise before the second trimester.

Current and future status of nuchal translucency screening in the United
States

The current literature suggests that NT ultrasound screening has tremendous
potential as a powerful prenatal screen for aneuploidy. Comparative data with
other screening modalities are limited, however, although it indicates that the
only first-trimester screening test that should be recommended at this time is the
first-trimester combined test. NT screening on its own does not seem to be
efficient in singleton pregnancies, because it seems to be inferior to either first-
trimester combined testing or the second-trimester serum quad test.

Ultimately, before first-trimester screening can be endorsed for use in rou-
tine clinical practice, a range of troubling practical issues need resolution. The
specific contribution of NT ultrasound, alone and in combination with other ul-
trasound and serum markers, must be assessed fully. If the performance of first-
trimester screening remains as strong as predicted and it can be implemented into
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mainstream practice in a consistent and organized manner, first-trimester screen-
ing will undoubtedly become a vital element of prenatal Down syndrome risk
assessment to the benefit of all pregnant women.
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The increase in the use of ultrasonography in the practice of obstetrics, even
over the past 10 years, has been remarkable. The application of this technology in
the area of prenatal diagnosis has added so much to this aspect of obstetrics that
many obstetricians now devote their entire practice to this aspect of obstetrics
alone. The use of ultrasound for prenatal diagnosis is appealing for many reasons.
Its safety and noninvasive characteristics are certainly two of its most desirable
traits. But for many patients, an ultrasound examination provides reassurance that
cannot be explained by scientific facts. At least daily in our practice, a high-risk
patient presents for her comprehensive ultrasound, and after being counseled at
length regarding the limitations and benefits of ultrasound in the detection of
aneuploidy, still asks at the end of the examination, “Do you think the baby has
Down syndrome™? Some patients seem to believe that despite the explanation of
the situation, if the baby did have Down syndrome, we would know. Certainly
patients are not the only people who believe this. Many obstetricians believe
ultrasound to have a sensitivity and specificity that is superior to what is reported
in the medical literature.

Ultrasound is an excellent tool, but it is far from perfect. Like other diagnos-
tic tools, if its strengths and weaknesses are not understood, its use can cause
harm to patients. If patients are falsely reassured by an ultrasound examination,
they may decide to forego definitive testing when that is indeed what they desire.
Equally worrisome is the patient who is counseled that a particular finding has
more significance than it does, and she decides to have an invasive test that is not
indicated and not really desired. In the current intense medicolegal environment,
often medical recommendations are made more to protect the providers from
possible litigation than they are based on true medical opinion. Clearly, an in-

The views expressed in this article are those of the author and should not be construed as the
official policy or position of the United States Air Force, the Department of Defense, or the United
States Government.

E-mail address: Theresa.Stewart@Lackland. AF.MIL

0889-8545/04/$ — see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/S0889-8545(03)00126-8



22 TL. Stewart / Obstet Gynecol Clin N Am 31 (2004) 21-33

vasive test is unlikely to miss the diagnosis and is significantly less likely to
be associated with a legal action against the providers. The application of prenatal
ultrasound in aneuploidy risk assessment is a very valuable tool, and based on
the exponential increase in the number of research studies being published, the
value is only going to increase further. This article covers the common aneu-
ploidies, the common findings on ultrasound, and what most of the available
literature supports regarding the significance of these findings in the risk as-
sessment of patients. Although the use of ultrasound may be complicated, most
patients can understand its limitations and accept and request its use, despite its
not being perfect.

Trisomy 21

Advancing maternal age causes an increase in the risk of an aneuploid fetus.
The most common aneuploidy seen in women of advanced maternal age is Down
syndrome, or trisomy 21. This association was recognized as early as 1909, and it
is now known that there is an increased risk of nondisjunction during meiosis as
the age of the oocytes increase [1]. One hundred years later, the exact mechanism
responsible for this increased risk of nondisjunction is still unknown, but it is
known that it also leads to an increased risk of having a pregnancy with 47, + 13;
47, + 16; 47, + 18; 47, XXX; and 47,XXY.

The classical description of children with Down syndrome was published in
1866 by Down [2]; however, it was not until 1959 that the underlying genetic
etiology was discovered [3]. Trisomy 21 is now known to be one of the most
common chromosomal abnormalities seen in live born children. These children
all have mental retardation with most being mild to moderately mentally retarded.
Although children with Down syndrome certainly have their own familial fea-
tures, they also have some characteristic features that are a result of their extra
21 chromosome. Phenotypic features that are characteristic in Down syndrome
children include up-slanting palpebral fissures; mid-face hypoplasia; excess skin
on the back of the neck; brachycephaly; small, posteriorly rotated ears; and hy-
potonia. Although commonly described as having an enlarged tongue, more
accurately it is their lack of muscle tone that gives them that characteristic
appearance. The most common structural abnormality in these children is con-
genital heart disease affecting about 40% of cases. Gastrointestinal tract anoma-
lies, such as duodenal atresia and imperforate anus, are also more common in
these children.

Approximately 95% of Down syndrome is cause by simple trisomy of chro-
mosome 21. In about 3% of cases, the extra copy of the 21st chromosome is a
result of a translocation, and a small percentage of cases are mosaic [4]. In 1968,
only 2 years after Steele and Breg [5] reported the first successful amniocentesis
for chromosomal analysis, the first prenatal diagnosis of Down syndrome was
published [6]. Since that time, there has been extensive research in improving
prenatal diagnosis of Down syndrome.
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Major anomalies seen with Down syndrome

Since the early use of ultrasound for the detection of Down syndrome, the
focus and the approach of ultrasound screening has evolved significantly. Early
attempts to diagnose Down syndrome with ultrasound were through the detection
of structural anomalies during the second trimester. Recognizing that infants with
Down syndrome were at increased risk for specific types of major anomalies,
prenatal ultrasound was performed to detect these structural defects.

The most common congenital anomaly seen in newborns with Down syn-
drome is a heart defect, affecting about 40% to 45% of babies with the condition
[7]. Endocardial cushion and ventricular septal defects are the two most common
defects. The detection rate for congenital heart disease varies depending on the
experience of the examiner and the specific defect present, but in general ap-
proximately 60% to 80% of heart defects can be detected on prenatal ultrasound
when performed by an appropriately trained sonographer [8]. Unfortunately,
ventricular septal defects are one of the more difficult congenital heart defects
to diagnose prenatally, and most are not detected until after delivery. Although
atrioventricular canal defects are the most common cardiac malformations
detected on prenatal ultrasound, it is estimated that rate of detection is less than
50% on routine ultrasound examination [9].

After heart defects, abnormalities of the gastrointestinal tract are the next most
common class of defects. Gastrointestinal tract abnormalities are found in up to
12% of newborns with Down syndrome [10]. The classical gastrointestinal defect
is duodenal atresia or stenosis. The problem with prenatal diagnosis of this
abnormality is that it is not usually apparent until later in pregnancy, usually after
20 to 24 weeks of gestation, and is not diagnosed on the 18- to 20-week anatomic
survey. Duodenal atresia is the most common cause of bowel obstruction in
newborns. Although it is considered one of the classic Down syndrome lesions, it
is seen in only 2.5% of these newborns [11]. When duodenal atresia is diagnosed
on prenatal ultrasound, however, trisomy 21 is the most frequently associated
condition occurring in 27% to 34% of cases [12]. Other gastrointestinal abnor-
malities that can be seen in children with Down syndrome include tracheoesopha-
geal fistula, pyloric stenosis, omphalocele, annular pancreas, Hirschsprung’s
disease, and imperforate anus. Each of these other gastrointestinal abnormalities
is usually present in less than 1% of newborns with Down syndrome.

Another congenital malformation that is commonly described in utero is the
cystic hygroma. This is a malformation of the lymphatic system that leads to
enlargement and the formation of cysts. Cystic hygroma can be found in other
areas, but most commonly are seen in the back of the fetal neck. These mal-
formations characteristically are septated, and this feature helps to differentiate
them from other neck masses. Cystic hygroma can vary in size and occasionally
become so large that they envelop the fetus. Commonly a cystic hygroma re-
gresses in size in utero, so that at delivery the only evidence of their previous
existence is excess skin or webbing of the neonatal neck. This prenatal finding
has a poor prognosis and frequently is associated with other anomalies. The
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reported frequency of associated aneuploidy with cystic hygroma is 60% to 80%.
Overwhelmingly, the most common chromosomal finding is Turner’s syndrome,
but trisomy 21 is not uncommon. Brumfield et al [13] found that the presence
of septations within the cystic hygroma increased the likelihood of associated
aneuploidy. They also found that fetuses with septated cystic hygroma were more
likely to develop hydrops and less likely to be live born.

Multiple other structural malformations have been reported in newborns with
Down syndrome, but often the abnormalities are not amenable to prenatal diag-
nosis. For example, abnormalities of the cervical spine are frequently present in
these children, but typically cannot be diagnosed prenatally. There are other ma-
jor anomalies that have been associated with Down syndrome that can be diag-
nosed by prenatal ultrasound, but their frequency is low and adds very little to
the overall detection rate. This leaves the detection rate of Down syndrome by
means of detecting major anomalies less than ideal.

Ultrasound markers and Down syndrome

Given the previous information and given the knowledge that less than 50% of
newborns with Down syndrome have a major anomaly at birth, even if all the
structural abnormalities present were detected using prenatal ultrasound, only a
fraction of Down syndrome pregnancies would be identified prenatally. To
increase the detection rate of Down syndrome fetuses, researchers have focused
on detecting other Down syndrome features outside of major anomalies. Prenatal
ultrasound is being primarily used to detect the variations in normal structures
that are more commonly seen in fetuses with Down syndrome compared with
the normal population. These variations are referred to in the literature as “soft
markers” for Down syndrome. The commonly studied soft markers include in-
creased nuchal fold, mild pyelectasis, a relative shortening of the humerus and
femur, fifth finger clinodactyly, echogenic foci in the fetal heart, choroid plexus
cysts (CPC), and echogenic bowel. Unfortunately, studies evaluating the signif-
icance of these markers have varied widely. Over the past 20 years, there have
been hundreds of articles regarding the use of ultrasound for adjusting or es-
timating the risk of aneuploidy. Clearly, not all of these studies have had ap-
propriate scientific strength definitively to guide clinical practice. As with many
areas of active research, although some of the results have differed, there are
some study findings that are fairly consistent. In the advanced maternal age
patient, the absence of any markers seems to be associated with a decreased risk
compared with their age-related empiric risk. Following a normal ultrasound, the
reported reduction in aneuploidy risk has varied from approximately 60% to 83%
[14—-16]. In a survey of maternal-fetal medicine specialists by Egan et al [17] in
2002, 72% of maternal-fetal medicine physicians reported using second-trimester
ultrasound to adjust aneuploidy risk. Of the maternal-fetal medicine specialists
who reported using a normal ultrasound to decrease risk, the most frequently
cited risk reduction was 50% [17]. The risk adjustment secondary to the presence
of markers, and which markers are most significant, remains controversial. Of the
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second-trimester markers commonly used, nuchal fold was the first to be de-
scribed and hence has been studied the longest.

Children with Down syndrome are often described as having loose skin on
the nape of neck; likewise, fetuses with Down syndrome frequently have the
sonographic appearance of a thickened nuchal fold. The measurement is made in
the transverse plane of the fetal head slightly off the biparietal diameter. This
plane should include the cerebellum and the occipital bone. The measurement is
from the outer edge of the occipital bone to the outer edge of the skin. Using a
nuchal fold of 6 mm as a cutoff at 15 to 20 weeks, Benacerraf et al [ 18] reported a
positive predictive value for Down syndrome of 69% with a false-positive rate
of 0.1%. In their study, 42% of fetuses with Down syndrome had a nuchal fold
of 6 mm or greater.

Fetal biometry has also been used as a marker for aneuploidy. It was rec-
ognized that the femur and humerus of fetuses with Down syndrome have a
tendency to be slightly shorter compared with normal controls. Benacerraf et al
[19—-21] were one of the earliest investigators to describe this subtle difference
and then apply it to fetuses referred to their unit for amniocentesis. The lengths
were considered short when the ratio of the measured-to-expected femoral
lengths were less than or equal to 0.91 and the ratio of the measured-to-expected
humeral lengths were less than or equal to 0.90. They found that by using this
definition, 44% of fetuses with Down syndrome had short femurs and 54% had a
short humerus. Less than 5% of controls were defined as having short measure-
ments. Nyberg et al [22] also studied this aspect of Down syndrome screening
and reported femur and humerus cutoff ratios very similar to the previous in-
vestigators. Using measured-predicted humerus length ratio of less than or equal
to 0.89 and less than or equal to 0.91 for the femur, they reported 24% of fetuses
with Down syndrome had short humeri and 24% had short femurs. In a study
designed to find the most diagnostically efficient of the sonographic markers in
high-risk patients, Vintzileos et al [23] found 47.6% of fetuses with Down syn-
drome had a short humerus compared with only 24.1% with a short femur. For
the purpose of decreasing the false-positive rate and simplifying the number of
markers that needed to be assessed, they concluded that in their population
humerus measurement was better than femur measurement. Likewise, in a study
designed to improve on multiple marker screening, Owen et al [24] added mea-
sured-predicted femur length ratio as adjunct to serum screening. They found that
it had very little effect on the performance of serum screening and was not
beneficial. Although overall the sensitivity for these measurement ratios varies
somewhat from study to study, the positive predictive value for diagnosing Down
syndrome based on shortened femur or humerus has been consistently low as
isolated markers. If one requires both measurements to be short to meet the
criteria, the positive predictive value is slightly better at approximately 35% [22].

Another skeletal finding that has been found to be associated with Down
syndrome is clinodactyly. Clinodactyly is diagnosed as either an absence or a
hypoplastic appearance of the middle phalanx of the fifth digit. The diagnosis
is most accurately made when the fetal fingers are extended so that the middle
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phalanx can be clearly seen. This radiologic finding translates to a medial de-
viation of the finger on physical examination. Deren et al [25] found clinodactyly
to have a sensitivity of 17% and a positive predictive value of only 5.1%. In a
large multicenter study involving 176 fetuses with Down syndrome, Hobbins
et al [26] reported very similar findings with clinodactyly having a sensitivity of
18%. In the orthopedic literature, this finding is seen in 1% of normal individuals
depending on the definition used and population studied. Clinodactyly is ob-
served in 60% of children with Down syndrome and is seen in a number of other
genetic syndromes, such as Cornelia de Lange’s syndrome, Russell-Silver dwarf-
ism, Klinefelter’s syndrome, and Turner’s syndrome. Most cases of clinodactyly
are isolated and inherited as an autosomal-dominant trait. Given its mode of
inheritance, this finding has no value as a screening marker for Down syndrome
when one of the parents is also affected.

Echogenic intracardiac focus (EIC) is another soft marker that has been
studied in relation to Down syndrome. It is defined as a small bright area within
the fetal ventricle on the four-chamber view of the heart. The echogenic focus
is most commonly described on the left side, but it can be on the right side.
Mineralization of the papillary muscle is responsible for this bright appearance on
prenatal ultrasound. EIC is the most commonly found marker seen as a variant in
normal fetuses. The prevalence of echogenic foci in either high- or low-risk
populations is 3% to 5% [26,27]. In the detection of Down syndrome, isolated
echogenic focus has a sensitivity of 21% to 28% and a positive predictive value
of 7% [28]. The ultrasound setting and the ethnic background of the patient have
been reported to affect the prevalence of this marker. Shipp et al [29] reported that
EIC was found three times more often in Asian patients (30% prevalence) com-
pared with whites. This needs to be considered when counseling Asian patients
regarding the significance of EIC as a soft marker.

A CPC is a round discrete hypoechogenic area within the choroid plexus that
has been associated with various types of aneuploidy. There have some con-
flicting results in the literature regarding risk of trisomy 21 when this is present
on ultrasound. Bromley et al [30] reported a series of 143 fetuses with Down
syndrome and found that the frequency of CPC was no greater than that found in
the general population. Based on this result, they recommended that CPC in
isolation not be used to increase the risk of Down syndrome. Although there has
been debate regarding its association with trisomy 21, the stronger association is
with trisomy 18, and is discussed in that section.

The echogenic appearance of fetal bowel is also a soft marker for aneuploidy.
There has been much controversy regarding this sonographic finding, mainly
stemming from the subjective nature of the diagnosis. As with intracardiac foci,
the appearance of the bowel can be affected simply by altering the ultrasound
machine settings. Most researchers now use the comparison of the bowel with fetal
bone, and the bowel must be at least as bright as bone to be called echogenic. The
sensitivity of echogenic bowel for the detection of Down syndrome is approxi-
mately 12% to 13% with a positive predictive value of 14% [26,31]. Echogenic
bowel is reported in less than 1% of fetuses with a normal karyotype. Since first
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reported echogenic bowel has been associated with a number of other adverse fetal
outcomes including cystic fibrosis, cytomegalovirus infection, growth restriction,
and bowel atresia. For this reason, a more extensive work-up needs to be
considered when fetal echogenic bowel is noted on prenatal ultrasound.

Pyelectasis is another frequently used marker for Down syndrome. Most
studies use a dilated renal pelvis of 4 mm in the anteroposterior dimension or
greater as the definition for abnormal. Isolated pyelectasis is a frequent ultra-
sound finding, and its significance as a marker for Down syndrome is often
debated in the literature. During the second trimester pyelectasis may be seen in
approximately 2% to 3% of fetuses with a normal karyotype compared with 25%
of fetuses with Down syndrome. Vintzileos et al [23] obtained the most
promising results while assessing isolated pyelectasis as a soft marker for Down
syndrome. Their study included over 600 high-risk patients, and they reported
a sensitivity of 34.7% for the detection of Down syndrome. In a large multi-
centered trial that included 176 Down syndrome fetuses, however, Hobbins et al
[26] reported a sensitivity of only 17.2% for isolated pyelectasis. Similarly, in
another fairly large study of approximately 3838 midtrimester pregnancies, Deren
et al [25] reported a sensitivity of 14%, but a positive predictive value of only
4.8% for isolated pyelectasis. Lastly, in a study designed to find the best second-
trimester markers for Down syndrome, Vergani et al [32] found that although
pyelectasis was significantly more common in fetuses with Down syndrome, it
was not found to be an independent predictor of trisomy 21 when regression
analysis was applied. Their recommendation was that when pyelectasis is diag-
nosed, a more thorough evaluation should be performed in search of other in-
dependent predictors of Down syndrome. The counseling given to the patient
should then be based on the presence of the combination of findings, not isolated
pyelectasis. In agreement with this concept, most recent investigators only use
the presence of pyelectasis to adjust aneuploidy risk if it is in combination with
other markers.

Not only has there been an effort to find more subtle findings for Down
syndrome screening, but there has also been a major push to make the diagnosis
earlier in the pregnancy. The benefits of earlier diagnosis are obvious. For most
women who are at increased risk, this gives them reassurance sooner and decreases
anxiety. For those women whose pregnancy is affected by aneuploidy, earlier
diagnosis gives them more time to consider their options and to gather the
information they need. Some of the most recent advances in the prenatal diagnosis
of Down syndrome have been those tests performed in the first trimester. The
reader is referred to the article elsewhere in this issue on first-trimester sono-
graphic screening with nuchal translucency and absent nasal bone.

Trisomy 18

Trisomy 18 is the second most common autosomal trisomy that is seen in the
advanced maternal age population. The incidence is about 1 per 8000 live births



28 TL. Stewart / Obstet Gynecol Clin N Am 31 (2004) 21-33

[33]. Similar to Down syndrome, trisomy 18 is screened using serum screening,
maternal age, and ultrasonography. Fetuses and newborns with trisomy 18 often
have multiple major anomalies. Most newborns with trisomy 18 die within the
first few weeks of life, but approximately 6% survive to 1 year [34]. Trisomy 18
is more commonly associated with structural anomalies and is more likely to be
diagnosed with prenatal ultrasound compared with Down syndrome. The most
common abnormality seen on prenatal ultrasound of trisomy 18 is not a structural
abnormality or a soft marker, however, but is intrauterine growth retardation.
Nyberg et al [35] reported intrauterine growth retardation in 51% of all fetuses
with trisomy 18 and in 89% of fetuses who were examined after 24 weeks. Two
neonatal studies on the natural history of trisomy 18 report mean birthweights of
1.8 to 2.2 kg, confirming the significant risk for intrauterine growth retardation
[33,36]. As with Down syndrome ultrasound screening, trisomy 18 has been
associated with specific major anomalies and the presence of soft markers. Many
studies report ultrasound findings in at least 50% of fetuses, and numerous
studies report 70% or more of fetuses with trisomy 18 being detected by prenatal
ultrasound [15,35,37,38].

Major anomalies in trisomy 18

The most common major anomalies seen in fetuses with trisomy 18 are car-
diac defects and skeletal abnormalities. Approximately 80% to 90% have a heart
defect, with ventricular septal defects, patent ductus arteriosus, and atrial septal
defects noted most commonly. These particular heart lesions are difficult to
diagnose and most often are undetected while in utero.

The skeletal abnormalities involve the limbs and the skull. On prenatal ul-
trasound the fetal head in trisomy 18 is commonly brachycephalic. A finding that
is fairly unique to fetuses with trisomy 18 is the so-called “‘strawberry-shaped”
head, where there is a flattening of the occiput and a narrow bifrontal diameter.
Although this finding has been strongly associated with trisomy 18, it is not a
common finding. In a recent review of ultrasound findings in trisomy 18 fetuses,
this was seen in only 1 out of 30 fetuses [39]. Abnormalities of the hands or feet
can be seen in 73%, but these findings are rarely isolated [40]. In the classical
description of fetuses with trisomy 18, the hands are fisted with the thumb and the
first digit overlapping the third digit. The fetal hands are not necessarily fixed in
this position, and the fingers can be seen to extend and appear normal. The lower-
extremity abnormalities that can be seen in trisomy 18 are rocker-bottom foot
and occasionally limb reduction abnormalities. Talipes is seen in approxi-
mately 25% to 30%, but uniformly these fetuses have other anomalies in addition
to their clubfeet.

Multiple other major anomalies can be seen in trisomy 18. Omphalocele,
diaphragmatic hernia, various renal anomalies, central nervous system malfor-
mations, and micrognathia have also been reported. Omphalocele has been re-
ported in 13% to 14% [39,40] of trisomy 18 cases. The risk of aneuploidy is
increased when the omphalocele does not contain liver and when other anomalies
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are present. In a series of 79 fetuses with diaphragmatic hernia, Nicholaides et al
[41] reported that 10 fetuses were positive for trisomy 18, and all of these fetuses
had additional anomalies.

Soft markers in trisomy 18

Many of the soft markers discussed with Down syndrome are also noted in
fetuses with trisomy 18 [35]. Cystic hygroma or a thickened nuchal fold is
present in approximately 20%. A single umbilical artery is seen in 13% of
trisomy 18 fetuses compared with 1% of all live born infants. Pyelectasis has
been reported to be seen in 10% of cases with trisomy18 [39].

The most notable soft marker for trisomy 18 is the CPC. A CPC is a benign
cystic structure within the lateral ventricle of the fetal brain. The prevalence is
reported as 1% in the low-risk population during second-trimester ultrasound, but
CPC can be documented in 3% of head ultrasounds in normal newborns [42].
There has been much controversy regarding the significance of this finding
because it is often seen in normal fetuses and newborns. The reported prevalence
of CPC in fetuses with trisomy 18 varies from 29% to 66% [35,39,43,44]. The
wide variation in the prevalence of CPC among euploid and aneuploid fetuses has
led investigators to question if there are specific characteristics of CPCs that
make some of them more significant than others. Characteristics that have been
studied include the significance of its size, whether it is unilateral or bilateral,
whether it is persistent, its significance as an isolated finding versus being in
combination with other findings, and its significance in the low-risk population.
In a review of 33 articles regarding CPCs and aneuploidy, Peleg and Yankowitz
[45] addressed many of the controversial issues surrounding the significance of
the CPC. The size of CPC in the euploid fetuses (1 to 21 mm) tended to be
slightly less than the size in the aneuploidy fetuses (3 to 20 mm). They could find
no correlation between multiplicity, multilocularity, or complexity of the CPCs
and aneuploidy. They confirmed the fact that most resolve later in the gestation,
but resolution (or persistence) has no effect on aneuploidy risk. As with other
markers, the risk of aneuploidy increases when in combination with other
markers or other risk factors, such as advanced maternal age or positive serum
screening, are present. In this review of the literature, of the reported abnormal
karyotypes detected with CPCs, 79% were trisomy 18, 13% were trisomy 21,
1.5% were trisomy 13, 2% were triploidy, and the remainder were associated with
other sporadic abnormalities.

Trisomy 13

Trisomy 13 is the third most common autosomal trisomy that has been as-
sociated with advanced maternal age. This trisomy does not have a typical
pattern of serum screening and is not screened by serum analytes. The inci-
dence of trisomy 13 is approximately 1 per 12,000 live births. These fetuses and
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newborns are typical severely affected and have multiple defects. The prenatal
ultrasound detection of trisomy 13 is reported to be as high as 90% to 100%
[40,46].

Major anomalies in trisomy 13

Like the other trisomies, trisomy 13 fetuses have a significant risk of con-
genital heart defects with approximately 80% of newborns diagnosed with
congenital heart defects. The most common heart lesion is a ventricular septal
defect, but hypoplastic left heart and double outlet right ventricle have also been
described [46,47].

Compared with the other trisomies, fetuses with trisomy 13 fetuses tend to have
more severe central nervous system anomalies. The typical lesion is holo-
prosencephaly reported in about 39% of fetuses [46]. Other central nervous
system anomalies include lateral ventricular dilation, enlarged cisterna magna,
and microcephaly. Midline facial abnormalities are also frequently seen in these
children, and this is most likely related to their underlying brain abnormality.
The normal growth and development of the face is intimately related to the
underlying brain development. Without normal underlying brain, many features of
the face do not develop normally. Facial clefts, abnormal eye placement (hypo-
telorism), and abnormal nose development are seen with increased frequency in
trisomy 13.

Renal abnormalities are also a frequent finding in fetuses with trisomy 13.
Renal abnormalities may be seen in approximately one third of patients and
include ureteric obstruction, multicystic kidneys, and enlarged and echogenic
kidneys. The renal abnormalities may be unilateral or bilateral [46].

The limb abnormality classically described in trisomy 13 is polydactyly of
the hands and feet. Polydactyly is seen in approximately 21% of fetuses with
trisomy 13 and it can be seen in a number of other genetic syndromes, such as
Meckel-Gruber syndrome, Bardet-Biedl syndrome, short-rib polydactyly, and
Pallister-Hall syndrome [46]. Importantly, isolated polydactyly can be an auto-
somal-dominant trait with incomplete penetrance. In some countries in Africa the
prevalence is 1% to 2%. It is seen 10 times more frequent in blacks compared
with whites. Fetuses with trisomy 13 tend to have multiple anomalies, and this
diagnosis is less likely in a fetus with isolated polydactyly.

Other anomalies that can be seen with trisomy 13, but are less frequent, in-
clude omphalocele and neural tube defects. Intrauterine growth retardation can be
seen in up to 50% [46].

Soft markers in trisomy 13

Similar to the other trisomies, trisomy 13 has an increased prevalence of soft
markers on prenatal ultrasound. Considering the fact that almost all fetuses with
trisomy 13 have major anomalies that are diagnosed on prenatal ultrasound,
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however, the role of soft markers is much less important with this trisomy. Soft
markers that have been associated with trisomy 13 are increased nuchal fold and
EIC. Nuchal thickening or cystic hygroma can be seen in approximately 20% of
trisomy 13 fetuses, and EIC has been found in 30% [46].

Summary

Over the past 10 years, the use of ultrasound in aneuploidy risk estimation has
improved the way obstetrics is practiced. It allows patients to obtain more per-
sonalized risk assessment and has allowed many women a reasonable alternative
to invasive testing. The addition of soft markers to the sonographic screening for
aneuploidy has been extremely beneficial, especially when considered in com-
bination with other ultrasound findings. The best estimate of risk seems to be
achieved through the combined use of ultrasound, maternal serum screening, and
maternal age. The literature supports the use of soft markers only when applied to
the high-risk population, where the prevalence of aneuploidy is increased. If this
information is applied to the low-risk populations, especially in isolation, the
lower prevalence of aneuploidy makes the positive predictive value too low to
be of any value in counseling patients. As with many screening tests it occasion-
ally misses the diagnosis, and every patient needs to understand this potential
shortcoming. It is a personal decision regarding their willingness to accept the
risk of a missed diagnosis versus the risk of fetal loss from an invasive procedure.
Although it is far from perfect, in the right hands and with appropriate counseling
ultrasound is an excellent tool. This is such an important decision for women
and their families, and it is worth the time it takes to explain the benefits and
limitations of this test.
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The use of ultrasound in obstetrics has become ubiquitous. Although not
recommended by the American College of Obstetrics and Gynecology as a rou-
tine procedure, it is the rare fetus that escapes having at least one ultrasound.
One of the most common indications for performing an ultrasound is to screen
for fetal anomalies. Because of this, it is important to know what the expectations
should be for both the patient who undergoes this examination and the performing
sonographer. This article summarizes the literature that examines the sensitivity
and specificity of ultrasound to detect fetal anomalies. In addition, it gives
an overview of the routine screening ultrasound examination with emphasis on
when a patient should be referred for a targeted ultrasound examination.

Epidemiology of fetal anomalies

It is important to have an understanding of the epidemiology of birth defects
for several reasons. First, in examining the literature relating to the detection of
birth defects by ultrasound, it is worthwhile to be aware of what the overall
incidence of fetal anomalies is in the studied populations. If the incidence is
lower than that expected in the population, complete ascertainment of anomalies
may not have occurred. If higher, the detection rates are higher because the pop-
ulation may be high-risk, having already been prescreened by ultrasound or
biochemical markers. Second, by knowing which fetal anomalies are most com-
mon, one can have a higher index of suspicion when screening the fetus with
ultrasound. Additionally, when an anomaly is discovered, the patient can be given
incidence information, which is commonly asked for in these circumstances.

Unfortunately, it is very difficult to ascertain the true incidences of vari-
ous anomalies. Although many state and country birth defect registries exist,
there are differences in definitions of birth defects and completeness of ascer-
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Table 1

Incidences of selected malformations (per 1000 births)
Malformation Incidence
Heart (overall) 5.6
Central nervous system (overall) 43
Hydronephrosis 3.2
Cleft lip and palate 1.9
Foot deformity 1.6
Hydrocephalus 1.2
Spina bifida 1.1
Anencephaly 0.9
Ventral wall defect 0.9
Unilateral cystic renal disease 0.6
Diaphragmatic hernia 0.5
Polycystic kidney disease 0.4
Bilateral renal agenesis 0.3

Data from Grandjean H, Larroque D, Levi S. The performance of routine ultrasonographic screening
of pregnancies in the Eurofetus study. Am J Obstet Gynecol 1999;181:446—54; Levi S. Ultrasound in
prenatal diagnosis: polemics around routine ultrasound screening for second trimester fetal mal-
formations. Prenat Diagn 2002;22:285-95.

tainment. In addition, many of the registries are newborn registries, under-
estimating the incidence at mid-gestation when a screening ultrasound is
performed. One of the largest sources of data for birth defects diagnosed during
pregnancy and at birth is the Eurofetus study that involved 170,800 women and
4615 malformations [1]. This was a prospective multicenter study performed at
61 centers in Europe. A listing of selected malformations by decreasing
frequency is presented in Table 1. The overall incidence of malformed fetuses
in this study was 2.2%.

Sensitivity of ultrasound in detecting anomalies

Significant controversy exists regarding the sensitivity of ultrasound in
detecting fetal anomalies. A comprehensive review of the existing studies relat-
ing to this issue has been recently published by Levi [2]. Levi [2] compiled data
from 36 studies involving over 900,000 fetuses. The overall sensitivity for
detecting fetal anomalies was 40.4% (range 13.3% to 82.4%). It is useful to
examine two of these studies in detail. The RADIUS trial is important because
it is used as an example by many of the poor performance of ultrasound in
detecting abnormalities [3]. The Eurofetus study is also significant because it is
the largest prospective screening study [1]. In examining these two studies, many
of the difficulties in performing this type of analysis become clear.

The first of the two studies, the RADIUS trial, was performed between 1987
and 1991 and enrolled 15,151 low-risk patients from over 100 participating
practices in the United States [3]. These women were randomized into two
groups, one group having two ultrasounds (15 to 22 weeks and 31 to 35 weeks)
and the other control group having ultrasounds only as medically indicated. In
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this control group, 60% of patients ended up having an ultrasound. The patients
in the study group were seen at one of 28 ultrasound laboratories participating
in the study.

Ultrasound examination detected 35% of the anomalous fetuses in the study
group versus 11% in the control group. Of the detected anomalies in the study
group, 17% were detected before 24 weeks of gestation. The study also sepa-
rated out those abnormalities that were potentially detectable by ultrasound.
Using that criteria, 47% of abnormalities were identified, 24% before 24 weeks of
gestation. The authors also looked at the sensitivity of anomaly detection in
tertiary versus nontertiary centers before 24 weeks gestation. The detection rate
at tertiary centers was 35% versus 13% in nontertiary centers.

The Eurofetus trial included 170,800 women seen at 61 European centers
between 1990 and 1993 [1]. All women were encouraged to have a scan be-
tween 18 and 22 weeks of gestation. The mean number of ultrasounds for each
woman was three and the overall sensitivity for detecting malformations was
56.2%. The detection rate for major malformations was higher (73.7% versus
45.7%) than for minor abnormalities. The detection rates for selected malforma-
tions are listed in Table 2. Of the major abnormalities, 55% were detected before
24 weeks of gestation. For example, whereas 93.5% of cases of hydrocephalus
were detected overall, only 35.5% were detected before 24 weeks of gestation.

Why are there such differences in the RADIUS and Eurofetus trials? Some
of the differences are probably caused by different definitions of major and mi-
nor malformations in the two trials. The definition of malformations in the
RADIUS trial was broader, and included a larger number of malformations that
tend to decrease the detection rate. In addition, patients in the RADIUS trial were

Table 2

Detection rates for selected malformations

Malformation % Rate
Anencephaly 99.4
Spina bifida with hydrocephalus 94.6
Hydrocephalus 93.5
Hydronephrosis 93.4
Unilateral cystic renal disease 91.7
Polycystic kidneys 91.4
Central nervous system (overall) 88.3
Bilateral renal agenesis 83.7
Ventral wall defect 81.6
Spina bifida without hydrocephalus 66.3
Diaphragmatic hernia 58
Heart (overall) 27.7
Cleft lip and palate 18
Foot deformity 17.2

Data from Grandjean H, Larroque D, Levi S. The performance of routine ultrasonographic screening
of pregnancies in the Eurofetus study. Am J Obstet Gynecol 1999;181:446—54; Levi S. Ultrasound in
prenatal diagnosis: polemics around routine ultrasound screening for second trimester fetal mal-
formations. Prenat Diagn 2002;22:285-95.
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all low-risk compared with women in the Eurofetus trial who were of mixed risk,
again tending to reduce the detection rate in the RADIUS trial. Patients in the
RADIUS trial were also scanned as early as 15 weeks of gestation when detection
rates are known to be lower. Despite these differences, it is interesting to compare
the detection rates of major malformations before 24 weeks of gestation in both
trials. In the RADIUS trial, the detection rate was 35% in tertiary centers and
13% in nontertiary centers. In the Eurofetus trial, the detection rate before
24 weeks was 55%. All of the centers in the Eurofetus trial were tertiary centers
and routinely performed a “level 2” examination on patients. It seems that the
Eurofetus results should be a goal to strive for in the United States.

Timing of ultrasound

Most ultrasound laboratories recommend performing a fetal anomaly detec-
tion scan at 18 to 22 weeks of gestation. This recommendation has been based on
very little data and primarily stems from subjective observations that this seems
like a good time to visualize fetal anatomy at a time when termination of preg-
nancy is still an option. In a prospective study, Schwirzler et al [4] evaluated
performing ultrasound screening for abnormalities at 18, 20, or 22 weeks. These
investigators found that the anomaly detection rate was no different at each
of these gestational ages. Scans performed at 18 weeks of gestation, however,
had a significantly increased chance of requiring a repeat examination. In many
cases, this was caused by an incomplete anatomic scan. It seems that 20 to
22 weeks of gestation is the optimal time to perform an ultrasound for detection
of fetal anomalies.

With the improved resolution of ultrasound equipment, considerable interest
has been directed toward earlier identification of fetal anomalies in the first
trimester. Whitlow et al [5] have reported a fetal structural anomaly detection rate
of 59% in a low-risk population of 6443 women screened at 11 to 14 weeks of
pregnancy. Additional studies are needed to confirm this high detection rate. The
embryology of the organ system being visualized must also be clearly under-
stood. For example, it is well known that the fetal midgut is normally present
in the base of the umbilical cord from approximately 8 weeks until 12 weeks
of gestation [6]. It is possible to make a false-positive diagnosis of omphalocele
at this gestational age. At this point, first trimester screening should only be
undertaken in centers with extensive experience in this area.

Performance of the screening ultrasound

Standards

Varying standards exist for the performance of a screening ultrasound
examination. One of the most widely referred to in the United States is the set
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of standards published by the American Institute of Ultrasound in Medicine
in 1994 [7]. In the section on fetal anatomy, these standards include examination
of the following areas of fetal anatomy: cerebral ventricles; posterior fossa
(including cerebellar hemispheres and cisterna magna); four-chamber view of
the heart (including its position within the thorax); spine; stomach; kidneys;
urinary bladder; fetal umbilical cord insertion site; and intactness of the anterior
abdominal wall. In the 10 years since these standards have been published, there
have been major improvements in the resolution of ultrasound machines enabling
enhanced visualization of the fetus. Many experts in the field believe that
additional elements should be added to the basic ultrasound examination
including fetal face (lips and fetal profile); fetal heart outflow tracts; extremities
including hands and feet; abdominal situs; genitalia; and number of umbilical
cord vessels. It seems prudent to attempt to include these items as the current
standards evolve.

Performance of the screening examination for fetal anomalies

Head and brain

Examination of the fetal head involves visualization of several key struc-
tures. The first of these structures are the lateral ventricles. The lateral ventricles
are imaged in an axial view at the level of the atrium. The choroid plexus is
visualized within the lateral ventricles and in cases of ventriculomegaly may be
seen to be “dangling” (Fig. 1) [8]. Various measurements and ratios have been
proposed to measure the lateral ventricle to assess for the presence of ventricu-
lomegaly. The most commonly used method is a single measurement of the
ventricular atrium at the level of the glomus of the choroid plexus [9]. Most

Fig. 1. Axial image of the fetal head showing the lateral ventricles. The arrow points to the “dan-
gling” choroid.
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investigators consider a measurement of over 10 mm to be abnormal. This upper
limit seems to be stable from 14 to 40 weeks of gestation [10]. Investigators
have also noted that the ventricles are normally larger in male fetuses and gen-
der should be assessed to aid in counseling [11,12]. It is important when mea-
suring the width of the ventricle not to include the hypoechoic margin of the
cerebral hemisphere in the measurement. Also, the near hemisphere of the fetal
brain cannot be well visualized in most cases because of reverberation artifact
from the calvarium. It may not be possible to measure the upside ventricle.

Other structures that should be visualized in the brain include the cavum
septum pellucidum (Fig. 2). This is visualized in the axial plane as a midline
fluid-filled structure anterior to the thalami. Absence of the cavum septum pel-
lucidum may indicate an abnormality in midline structures of the brain includ-
ing agenesis of the corpus callosum.

The posterior fossa of the fetal brain should also be examined (see Fig. 2). The
normal concave appearance of the cerebellar hemispheres should be demon-
strated. The width of the cisterna magna, located posterior to the cerebellar hem-
ispheres, should be measured. The upper limit of normal for this measurement
is 10 mm [13]. Enlargement of the cisterna magna can indicate a potential Dan-
dy-Walker malformation [14]. Effacement of the cisterna magna is seen in the
Chiari IT malformation, which is present in most cases of spina bifida. In the
axial view that includes the cerebellar hemispheres and the cisterna magna,
the width of the posterior nuchal fold should be examined. A thickened nuchal
fold is one of the soft signs of Down syndrome, discussed elsewhere in this issue.

The “fruit” signs should also be sought during the fetal survey. Frontal
bossing of the fetal skull seen in the axial plane is called the lemon sign (Fig. 3).
This indicates an increased risk for a neural tube defect. Also associated with
neural tube defects is the Chiari type II malformation, which causes a herniation

Fig. 2. Axial image of the fetal head with arrows pointing (left to right) to the cavum septum pel-
lucidum, cerebellum, and cisterna magna.
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Fig. 3. Axial image of the fetal head with arrows demonstrating frontal scalloping of the calvarium
typical of the “lemon” sign.

of the cerebellar vermis and downward displacement of the fourth ventricle. This
causes the cerebellum to curve anteriorly forming the banana sign (Fig. 4).
Almost all cases of spina bifida have one of these two cranial signs or effacement
of the cisterna magna. The other fruit sign is the strawberry-shaped skull that
is observed in some cases of trisomy 18.

Examination of the fetal face is becoming a routine part of the screening
examination. A sagittal view of the face allows examination of the fetal profile
to identify possible micrognathia or abnormalities of the fetal tongue (Fig. 5).
A coronal view including the nose and upper lip allows the diagnosis of a cleft

lip (Fig. 6).

Fig. 4. Axial image of the head with arrows showing forward displacement of the cerebellum resulting
in the “banana” sign.
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Fig. 5. Parasagittal image of the normal fetal face.

Thorax and heart

Examination of the fetal thorax primarily involves examination of the heart
and its orientation within the thorax. The examination of the heart is described
elsewhere in this issue. The orientation of the heart, however, is important to
screen for other abnormalities in the chest. Normally the heart is situated anterior

Fig. 6. Coronal image of the fetal face. The arrow is pointing at the nose with the intact upper
lip below.
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in the fetal chest and oriented toward the left. A line through the ventricular
septum should be at approximately a 45-degree angle from the midline [15]. A
shift of the fetal heart in the thorax could be indicative of a cardiac malformation
or other intrathoracic mass. Any cystic structures should also be looked for in the
fetal chest. These may indicate a primary lung mass or may be the stomach or
bowel, which has herniated through a diaphragmatic defect.

Abdomen

Initial evaluation of the abdomen should determine situs of the abdominal
organs. Bronshtein et al [16] have recently published a simple and rapid method
for determining fetal situs [16]. When performing a transabdominal scan, imagine
the sonographer’s right hand represents the fetus with the dorsal side of the
forearm representing the fetal back, the palmer side the fetal abdomen, and the
fist as the fetal head. The thumb is always pointed to the fetal left side. For a
transvaginal scan, the left hand of the sonographer should be used.

The fetal stomach should be visualized as a variable fluid-filled structure in
the left upper quadrant. The fetal stomach should be reliably visualized after
14 weeks gestation. (Fig. 7) [17,18]. If not visualized, a repeat examination may
be performed in 1 to 2 weeks. Persistent nonvisualization of the stomach may
be associated with a number of abnormalities including esophageal atresia. The
incidence of abnormal outcome with persistent nonvisualization of the fetal sto-
mach ranges from 45% to 66% with the incidence of chromosomal abnormalities
ranging from 3.2% to 29.6% [17-20]. The fetal diaphragm should be imaged in
the sagittal plane, making sure the stomach is in the abdominal cavity. Other
cystic structures should be looked for when assessing the fetal abdomen. The
fetal gallbladder may be seen in the right upper quadrant adjacent to the liver.

Fig. 7. Axial image of the fetal abdomen at the level of the stomach and liver. The arrow points to the
fetal stomach.
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Cystic structures may be seen associated with the fetal urinary system and are
discussed elsewhere in this issue. Any other cystic structures seen in the abdomen
should be referred for a targeted ultrasound.

The umbilical cord insertion into the anterior abdominal wall should be
documented along with the integrity of the adjacent abdominal wall (Fig. 8).
This should rule out all significant ventral wall abnormalities.

Echogenic bowel should be documented if present. This is usually a transient
finding that occurs in the second trimester. In some cases, it may be caused by the
fetus having swallowed bloody amniotic fluid in utero [21]. Various grading
systems of echogenic bowel have been described [22]. The consensus of opinion
seems to indicate that only bowel with echogenicity equal to that of bone is
significant. Recent studies have also shown that the use of high-frequency trans-
ducers increases the bowel echogenicity [23]. Echogenic bowel may be associ-
ated with Down syndrome, cystic fibrosis, and fetal viral infection [24—26]. Also,
risks for later intrauterine growth restriction and adverse fetal outcomes are
increased [27—29].

Urinary tract

The fetal urinary tract is a common site of abnormality but fortunately most
defects are minor. The fetal kidneys are visualized as hypoechoic, paraspinal
structures that frequently have an echogenic central renal pelvis. The kidneys
should be examined for any intrarenal cysts or echogenicity, which may suggest
renal dysplasia. In addition, adjacent cystic structures, which might indicate
a duplicated collecting system, should be noted. The most commonly seen ab-
normality is renal pyelectasis (Fig. 9). In a recent prospective study from
Belgium, pyelectasis was seen in 4.5% of fetuses [30]. Pyelectasis was diagnosed
when the anteroposterior measurement of the renal pelvis was greater than
or equal to 4 mm in the second trimester or greater than or equal to 7 mm in

Fig. 8. Axial image of the fetal lower abdomen. The arrow indicates the umbilical cord insertion
and the intact anterior abdominal wall.
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Fig. 9. Axial image at the level of the fetal kidneys. Left-sided pyelectasis is seen at the #1 cursors
and a normal right kidney at the #2 cursors.

the third trimester. Controversy has existed on how to manage fetuses when
pyelectasis is seen in the second trimester. A common approach has been to
repeat the examination in the third trimester and only if the measurement is
greater than or equal to 7 mm is postnatal follow-up recommended. The study
from Belgium, however, reported that in cases of pyelectasis diagnosed in the
second trimester and with values less than 7 mm in the third trimester, the
incidence of significant uropathy in the newborn was 12% [30]. In infants with a
renal pelvis greater than or equal to 7 mm, the positive predictive value for a renal
abnormality was 69%. Complicating this situation is the observation that the
finding of renal pyelectasis is highly dynamic with rapid changes in the size of
the pelvis occurring over a short period of time [31]. Despite this, it seems
worthwhile to suggest postnatal follow-up in those cases that have a renal pelvis
greater than or equal to 4 mm in the second trimester.

The fetal bladder should also be examined. If distended, abnormalities of the
kidneys and possible dilation of the ureters should be sought. Also, the volume
of amniotic fluid should be evaluated. Abnormalities in the shape of the blad-
der may be an indicator of a cloacal abnormality.

Spine

Evaluation of the spine is an important component of the fetal survey. The
spine should be imaged in parasagittal and transverse planes looking for any
breaks in the symmetry of the ossification centers (Figs. 10,11). The transverse
plane is usually the most sensitive for detecting a spinal defect and allows
examination of each spinal segment. It is also important to demonstrate that the
overlying soft tissues are intact.

Extremities

Examination of the extremities has been aided by the increased resolution of
modern ultrasound equipment (Fig. 12). Although the femur is the only bone
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Fig. 10. Parasagittal view of the intact fetal spine.

routinely measured for biometry, all of the fetal long bones should be imaged
and examined for morphology to screen for skeletal dysplasias. In addition, both
hands and feet should be documented. The axis of the foot in relation to the
tibula-fibula should also be imaged to rule out a clubfoot anomaly. If a clubfoot
is suspected, a detailed examination of the fetus for other abnormalities should
be performed. A large retrospective study showed that 48.6% of clubfeet were
associated with other fetal abnormalities [32]. In addition, of the cases that were
thought to be isolated at mid-trimester scan, 19% developed other abnormalities
later in pregnancy. There is a high incidence of false-positive diagnoses of

Fig. 11. Axial view of the sacral spine. Note the intact skin over the spine at the arrow.
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Fig. 12. Image of the upper extremity long bones and hand.

clubfeet, however, because of transient positioning artifacts of the foot. In one
study, the incidence of a false-positive diagnosis was 11.2% [33].

Umbilical cord

The fetal umbilical cord should be imaged to determine the number of ves-
sels. A single umbilical artery is seen in approximately 1% of pregnancies. The
cord may be imaged in cross-section or the two arteries may be visualized as they
pass around the fetal bladder (Fig. 13). Occasionally, the cord may fuse near the
placental end of the cord; this area should not be used to check for the number of
vessels. The finding of a two-vessel umbilical cord is an indication for a detailed
ultrasound to rule out other abnormalities and for a fetal echocardiogram. The

Fig. 13. Axial image at the level of the fetal bladder with arrows demonstrating the umbilical vessels
on either side of the bladder.
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incidence of other abnormalities is 30% to 60% [34—36]. Fetal growth restriction
has also been reported with an isolated two-vessel cord [37].

Adverse effects of ultrasound screening

Ultrasound is a noninvasive screening method that has been shown to be
biologically safe in long-term studies [38,39]. The adverse effects of ultrasound
relate to the sensitivity and specificity of the ultrasound examination and the
anxiety that this causes to the patient. It is important to make clear to the patient
that ultrasound has its limitations. The patient must realize that not all malfor-
mations can be detected. The sonographer should also be aware of what is said
to the patient. The statement “everything is normal” may have a different mean-
ing for the patient and sonographer.

The other concern is the issue of a false-positive diagnosis or of a diagnosis
that has an unclear outcome. Again, patients need to be aware of the possibility
of this kind of outcome before the ultrasound procedure is performed.

Summary

Ultrasound has become a routine part of prenatal care. Despite this, the
sensitivity and specificity of the procedure is unclear to many patients and health
care providers. In a small study from Canada, 54.9% of women reported that
they had received no information about ultrasound before their examination [40].
In addition, 37.2% of women indicated that they were unaware of any fetal
problems that ultrasound could not detect [40].

Most centers that perform ultrasound do not have their own statistics regarding
sensitivity and specificity; it is necessary to rely on large collaborative studies.
Unfortunately, wide variations exist in these studies with detection rates for fetal
anomalies between 13.3% and 82.4% [2]. The Eurofetus study is the largest
prospective study performed to date and because of the time and expense
involved in this type of study, a similar study is not likely to be repeated. The
overall fetal detection rate for anomalous fetuses was 64.1%. It is important to
note that in this study, ultrasounds were performed in tertiary centers with
significant experience in detecting fetal malformations. The RADIUS study
also demonstrated a significantly improved detection rate of anomalies before
24 weeks in tertiary versus community centers (35% versus 13%).

Two concepts seem to emerge from reviewing these data. First, patients must
be made aware of the limitations of ultrasound in detecting fetal anomalies. This
information is critical to allow them to make informed decisions whether to un-
dergo ultrasound examination and to prepare them for potential outcomes.
Second, to achieve the detection rates reported in the Eurofetus study, ultrasound
examination must be performed in centers that have extensive experience in the
detection of fetal anomalies.
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Most pregnant women in the United States undergo at least one ultrasound
examination before delivery. Prenatal ultrasound performed after the first trimes-
ter requires an assessment of fetal anatomy. Both the American Institute of
Ultrasound in Medicine and the American College of Obstetricians and Gyne-
cologists recommend that the four-chamber view be part of this assessment
during routine prenatal ultrasonography in the second and third trimesters [1,2].
Although assessing multiple views of the heart increases the likelihood of pre-
natal detection of congenital heart disease, screening for cardiac defects in the
fetus begins with the four-chamber view.

Basics of the four-chamber view

Although visualization of the fetal heart is possible in the first trimester, the
optimal time to perform cardiac screening is between 18 and 22 weeks gestation
using high-resolution real-time ultrasonography. The four-chamber view easily
can be incorporated into a 30-minute screening midtrimester ultrasound with
adequate visualization in over 95% of fetuses [3]. A simple approach to the four-
chamber view includes an evaluation of size, position, anatomy, and function of
the fetal heart [4].

The four-chamber view is obtained on a transverse image of the fetal thorax
just above the diaphragm (Fig. 1). In this transverse plane, the fetal heart occupies
about one third of the area of the fetal chest with an axis about 45 degrees to the
left [5]. The atrial and ventricular chambers, interventricular septum, foramen
ovale, and atrioventricular valves can all be assessed on the four-chamber view.

The two atria and two ventricles should be similar in size, with the left atrium
closest to the spine and the right ventricle closest to the sternum. The flap of the
foramen ovale should project into the left atrium through a patent foramen ovale.
The internal surface of the left ventricle is smooth-looking compared with the
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Fig. 1. A transverse view through the fetal chest demonstrating the four-chamber view. The most
anterior chamber is the trabeculated right ventricle and the most posterior chamber adjacent to the
spine is the left atrium.

trabeculated right ventricle containing the moderator band. The two atrioven-
tricular valves meet at the junction of the interatrial and interventricular septa to
form the crux of the heart. The mitral and tricuspid valves should move freely,
with the tricuspid valve attached slightly more toward the apex than the mitral
valve on the interventricular septum. Ventricular systolic function can be assessed
subjectively by observing the ventricular wall movement during systole. The
presence of a pericardial effusion also can be identified on the four-chamber view.
Assessing the four-chamber view is more than just counting the chambers of the
fetal heart. A significant amount of information easily can be obtained by in-
corporating a systematic evaluation of the four-chamber view into routine screen-
ing ultrasonography.

Performance of the four-chamber view

The four-chamber view was introduced as a screening tool for the prenatal
detection of heart anomalies over 15 years ago [6,7]. Initial reports suggested
that the four-chamber view could detect 80% to 90% of fetuses with congenital
heart disease [7,8]. The sensitivity of the four-chamber view to detect cardiac
anomalies varied widely, however, in subsequent studies [9—21]. For example,
only 16% of fetuses with heart defects were detected using the four-chamber view
in the highly publicized routine antenatal diagnostic imaging with ultrasound
(RADIUS) trial of prenatal ultrasonographic screening, and no cardiac malfor-
mations were detected before 24 weeks gestation in facilities other than tertiary-
level referral centers [22].

There are many possible explanations for the inconsistent performance of
the four-chamber view in screening for congenital heart disease. Different ultra-
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sonographers with varying levels of skill use the four-chamber view under a variety
of conditions in clinical practice. Performance is also significantly influenced by
such factors as a community setting versus a tertiary care center, high-risk versus
low-risk patients, level of ascertainment, and availability of outcome informa-
tion. Screening by skilled sonographers, experienced perinatologists, and expert
pediatric cardiologists at teaching hospitals and tertiary reference centers is
expected to be superior to that performed in the community. This is reflected in
the poor detection rate reported in nontertiary care centers in the RADIUS study
[22]. The sensitivity of any screening test also depends on the prevalence of disease
in the population being studied. Tertiary care hospitals see more affected fetuses
because they are the facilities to which women with abnormal serum screening,
advanced maternal age, and high-risk factors for congenital heart disease are
referred for evaluation. The prevalence of congenital heart disease in many tertiary
care centers is twice that expected in the general population [23,24].

The ability to image the fetal heart is also influenced by gestational age, fetal
position, amniotic fluid volume, and the maternal body habitus. Previous ab-
dominal surgery also can adversely affect the image obtained [25]. Even when the
four-chamber view is achieved, it is unreasonable to expect that it identifies all
cases of congenital heart disease. Certain defects are easily missed on the four-
chamber view, such as ventricular septal defects, atrial septal defects, coarctation,
tetralogy of Fallot, transposition of the great arteries, double-outlet right ventricle,
truncus arteriosus, and total anomalous pulmonary venous return [26]. Prenatal
diagnosis of patent foramen ovale and patent ductus arteriosus is precluded by
their normal patency in utero. The superior aspect of the interventricular septum
tends to be thin, particularly in the apical view, and can be diagnosed incorrectly
as a subaortic ventricular septal defect. Small muscular ventricular septal defects
are the defects most commonly missed on prenatal ultrasonography. Certain car-
diac malformations, such as transposition of the great vessels, double-outlet right
ventricle, and tetralogy of Fallot, can be associated with a normal four-chamber
view. Although most congenital heart defects occur during the period of or-
ganogenesis, some defects are known to evolve over the course of gestation and
may be missed at the time of midtrimester screening. Flow abnormalities, such
as valvular pulmonic stenosis, aortic stenosis, and coarctation of the aorta, are not
easy to detect on the four-chamber view. Ventricular hypoplasia has been
observed to develop as pregnancy advances and may not be evident on cardiac
imaging in the second trimester [27]. Abnormalities of the distal pulmonary
arteries and pulmonary veins are not commonly appreciated prenatally because of
limited flow and filling of these vessels in utero. Even under optimal conditions,
some defects are not detected at a midtrimester scan by the four-chamber view.

When used as a screening tool in the general population, the four-chamber
view can be expected to detect 40% to 50% of cases of congenital heart disease
[7,28]. The four-chamber view should be considered abnormal if there is ven-
tricular or atrial disproportion, myocardial hypertrophy, dilation or hypoplasia
of the chambers, septal defects apart from the foramen ovale, or abnormalities
of the atrioventricular valves. Congenital heart disease may also be associated
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with abnormal positioning of the heart in the fetal chest and with axis deviation
[29,30].

Defects expected to be associated with an abnormal four-chamber view
include hypoplasia of the right or left ventricle, atrioventricular septal defect,
double-inlet ventricle, Ebstein’s anomaly, single ventricle, and large ventricle
septal defect. Screening with the four-chamber view may also identify dextrocar-
dia, situs inversus, ectopia cordis, cardiomyopathies, pericardial effusion, cardiac
tumors, valvular atresia, stenosis, and insufficiency. Hypoplastic ventricles and
atrioventricular septal defects are the defects most often detected prenatally by
the four-chamber view [26,28,31].

Ventricular outflow tract views

A limitation of cardiac screening with the four-chamber view alone is that
conotruncal anomalies easily can be missed. Defects of the great vessels are
associated with an abnormal four-chamber view in only 30% of cases [32].
Normal four-chamber screening can occur with transposition of the great arteries,
tetralogy of Fallot, double-outlet right ventricle, pulmonary and aortic stenosis,
and coarctation of the aorta [31]. Consequently, many experts recommend that
views of the aortic and pulmonary outflow tracts be included with an evaluation
of the four-chamber view when screening for congenital heart disease [33].

With adequate training and experience, it is possible to visualize the four-
chamber view and outflow tracts in 90% of pregnant women [25]. The long-axis
view of the left ventricular outflow tract and the short-axis view of the right
ventricular outflow tract are the standard images used to evaluate the ventriculo-
arterial connections (Figs. 2 and 3). The aortic and pulmonary outflow tracts are
approximately equal in size in the midtrimester and should be seen to cross as
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Fig. 2. A long-axis view of the left ventricular outflow tract. Note the continuity between the in-
terventricular septum and the aorta.
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Fig. 3. A short-axis view of the right ventricular outflow tract wrapping around the aorta as it exits
the heart.

they arise from their respective ventricles during real-time imaging. The aorta
arises from the posterior ventricle and has branches originating from its arch that
supply the head and upper extremities. The pulmonary artery arises from the
anterior ventricle and branches into the ductus arteriosus and pulmonary arteries.

Performance of outflow tract views

Overall, the prenatal detection of cardiac anomalies can be increased from
40% to 50% with the four-chamber view alone to 60% to 80% when the
ventricular outflow tracts are also assessed [10,34,35]. Although the highest de-
tection rates of congenital heart disease have been reported in high-risk popu-
lations screened at referral centers, Kirk et al [28] reported a sensitivity of
66% for screening with both the four-chamber view and outflow tracts in a study
of primarily low-risk patients. It is clear that multiple cardiac views are crucial for
midtrimester screening for many serious congenital heart defects and that the
20% to 30% increase in detection rate that results from including the outflow
tracts along with the four-chamber view can be of clinical importance [36—38].
Universal screening with the four-chamber and outflow-tract views may be
optimal for midtrimester cardiac assessment.

Importance of screening

Congenital heart disease is a common condition with a prevalence of 8 per 1000
live births [39]. Heart anomalies are estimated to be responsible for most infant and
childhood deaths related to congenital malformations. The prenatal diagnosis of
congenital heart disease also carries a poor prognosis. Intrauterine fetal death
occurs in 20% to 30% of cases; neonatal death in 40% to 60% of cases; and long-
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term survival rates are low, ranging from 15% to 40% [40—44]. The presence of
extracardiac anomalies and chromosomal abnormalities contributes to the poor
outlook. Overall, 25% to 45% of fetuses with congenital heart disease have other
malformations and 15% to 50% have abnormal karyotypes [35,45,46]. Other poor
prognostic signs include hemodynamic abnormalities and the presence of hydrops.
When congenital heart disease is detected prenatally, these associated findings can
be important in counseling families about the likelihood of postnatal survival.

Congenital heart disease is eight times more common than trisomy 21 and
four times more common than neural tube defects, two conditions for which uni-
versal screening programs are in place. Estimates indicate that 10.3 of 1000 fetuses
are affected by congenital heart disease at the time of midtrimester ultrasono-
graphic screening [47]. About 50% of cardiac defects are considered major and
likely to have a significant impact on long-term morbidity and mortality. Early
prenatal diagnosis of major defects is important for counseling patients about
pregnancy options, therapeutic interventions, changes in obstetric care, and alter-
native plans for delivery.

Studies have shown that when major congenital heart disease was diagnosed
in the second trimester of pregnancy, from 8% to as many as 80% of patients
chose to terminate pregnancy [31,39]. In one survey of 65 women who pre-
viously had borne a child with congenital heart disease, 58% said they would
elect to terminate a subsequent affected pregnancy [48]. Without universal
ultrasonographic screening, the prenatal diagnosis of congenital heart disease is
often made late in pregnancy when abortion is no longer available [39]. With
early screening and detection of congenital heart disease, patients and their
families can consider the options and make the choices that are best for them.
Therapeutic interventions and improved neonatal survival are possible when
congenital heart disease is detected prenatally and the timing, mode, and location
of delivery can be planned. Referral to a tertiary care center where immediate
therapeutic and palliative interventions are available can be lifesaving. Prompt
infusion of prostaglandin E; or balloon atrial septostomy can significantly im-
prove prognosis for newborns with certain cardiac defects that require postnatal
maintenance of fetal flow pathways. Experienced neonatologists, pediatric car-
diologists, and cardiac surgeons may have a significant impact on an infant’s con-
dition and ultimate outcome.

Population for screening

Considering its prevalence, clinical significance, and the availability of thera-
peutic interventions, congenital heart disease has the characteristics of a discase
for which prenatal screening is appropriate. One strategy for prenatal detection
is to screen patients identified to be at risk. Unfortunately, most cardiac mal-
formations are missed if screening is done only on patients with recognized risk
factors, such as a positive family history, maternal diabetes, and exposure to
teratogens [49]. The traditionally accepted indications for cardiac screening are
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not highly predictive of subsequent congenital heart disease. More than half of
prenatally detected cardiac defects are found in patients with no predisposing risk
factors [34]. Overall, 90% of such defects occur in patients who are at low
risk for these problems; therefore, screening on the basis of risk factors alone is
not particularly effective.

Interestingly, the factor most predictive of congenital heart disease is an ab-
normal cardiac examination at the time of prenatal ultrasonography. In the
study by Cooper et al [49] of fetal echocardiography, only 4% of patients were
referred because of an abnormal cardiac screen, yet defects were detected at a rate
of 68% in this group, far in excess of the rate for all other risk factors combined.
In many centers, an abnormal cardiac screen during routine ultrasonography has
become the most common reason for referral for fetal echocardiography [43,50].
Universal screening makes sense because the detection of an abnormal fetal heart
on prenatal ultrasonography identifies more cardiac defects than does any of the
other traditional risk factors for congenital heart disease.

Summary

Congenital heart disease has the characteristics of a disease that is suited to
screening, and the four-chamber view is an effective screening tool with a sen-
sitivity of 40% to 50%. The use of multiple cardiac views can increase the pre-
natal detection to 60% to 80%. Given that most infants with congenital heart
disease are born to low-risk women, routine screening is warranted. Early pre-
natal diagnosis provides an opportunity to exclude associated extracardiac and
chromosomal abnormalities, discuss pregnancy options, adjust obstetric manage-
ment, prepare parents for delivery of an affected baby, and plan delivery in a
tertiary care center. Despite the widespread use of ultrasonography, only 15% to
30% of infants with congenital heart disease are identified prenatally [39,49].
There is a need to do better.
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Ultrasound has truly revolutionized the practice of obstetrics. It is hard to
imagine an era not too long ago where undiagnosed twins and term breeches
were common. As amazing as it is, however, it is not a perfect technology and its
ultimate usefulness is highly reliant on the person interpreting the images being
obtained and acting on that information.

As ultrasound equipment becomes more and more sophisticated, the level of
detail seen in the fetus improves. When new things are seen, it is sometimes
difficult to know whether it is just because of improved technology or if it
represents true pathology. Initial studies evaluating new ultrasound findings often
are retrospective case series in patients already at a higher risk of having an ab-
normality because of some other reason, like advanced maternal age or elevated
maternal serum screening. These initial studies are frequently followed by ad-
ditional small studies that either refute or minimize their findings. Clinical care is
sometimes altered as a result, before properly designed studies are undertaken.
The confusion created by this apparently conflicting data makes counseling
patients with these findings extremely difficult and controversial. This article
takes several of the more controversial ultrasound findings (echogenic bowel,
renal pyelectasis, echogenic intracardiac foci [EIF], clubfoot, single umbilical
artery [SUA], and choroid plexus cyst [CPC]) and presents the best available data
to come up with evidence-based approaches to their management.

Echogenic bowel

Fetal echogenic bowel refers to the presence of hyperechoic, or bright bowel,
as compared with the echogenicity of adjacent bone. This finding can be dif-
fuse or focal. Echogenic bowel is diagnosed in 0.2% to 1.4% of second-trimester
ultrasounds [1]. The presence of echogenic bowel has been associated with nor-
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mal fetuses and fetuses with aneuploidy, intrauterine fetal growth restriction
(IUGR), bleeding, cystic fibrosis (CF), congenital infections, and thalassemia. Its
association with multiple pathologic conditions makes echogenic bowel unique
among the other ultrasound findings discussed in this article. The following
discussion pertains to the finding of echogenic bowel at the time of second-
trimester ultrasound; echogenic bowel in the third trimester is a relatively com-
mon finding with uncertain clinical significance.

Pathophysiology

The pathophysiology of increased bowel echogenicity is likely heterogeneous
in nature. In most cases the increased echogenicity is thought to be abnormal,
highly viscous meconium within the small bowel caused by obstruction (meco-
nium ileus), poor bowel motility, or abnormal pancreatic enzymatic secretion [2].
Alternatively, meconium peritonitis from a bowel perforation can cause subse-
quent bowel edema, which also makes the bowel appear echogenic [2]. If the
meconium is confined to discrete sites of bowel perforation, the echogenicity
appears as focal intra-abdominal calcifications [2]. Similar calcifications in the
bowel have been associated with fetal infections, such as toxoplasmosis or
cytomegalovirus (CMV), although the pathophysiology of this association is
poorly understood. Focal areas of bowel echogenicity have also been attributed to
areas of ischemia [2,3]. Finally, bowel may appear echogenic because of the
swallowing of blood, which is extremely echogenic [4].

Diagnosis

The diagnosis of echogenic bowel is made by comparing the echogenicity of
the bowel to that of the liver and adjacent bone. This is done by turning down the
gain setting until other soft tissues are no longer seen and only bone or bowel is
visible (Fig. 1). Although in principle this sounds straightforward, in practice the
diagnosis of echogenic bowel is a subjective one, and is prone to significant
interobserver and intraobserver variation [5]. Several authors have proposed a
grading system to quantify the degree of echogenicity of fetal bowel to increase
the accuracy of diagnosis and decrease the interobserver variation [6—9]. For
example, Slotnick and Abuhamad [7] graded the degree of bowel echogenicity
depending on when the echogenicity disappeared as the gain setting was
decreased. Grade 0 was defined as normal, grade 1 was bowel that lost its echo-
genicity before that of the iliac crest, grade 2 was bowel that lost its echo-
genicity at the same time as the iliac crest, and grade 3 was bowel echogenicity
that persisted after the loss of the iliac crest. The limitation of using a grading
system is that many studies do not use one, and those that do have used a variety
of different grading systems. Despite these limitations, the association of
echogenic bowel with adverse pregnancy outcomes is strongest with moderate-
to-severe echogenicity, when the bowel is as echogenic as or more echogenic
than bone. In the series described previously, of 40 fetuses with mild (grade 1)
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Fig. 1. (4) Echogenic bowel with normal gain setting (arrow). The bowel appears as bright as the
adjacent bone. (B) Echogenic bowel with the gain setting turned down (arrow). Note that the
echogenicity persists after the other soft tissues are no longer seen.

echogenicity, none had CF or aneuploidy, and of 105 fetuses with moderate-to-
severe bowel echogenicity (grades 2 and 3), 7 (6.7%) had CF and 8 (7.6%) had
trisomy 21 [7]. In the authors’ institution, the diagnosis of echogenic bowel is
made only when the bowel appears to be at least as echogenic as adjacent bone.
Further complicating the diagnosis is that the finding of echogenic bowel can
vary with transducer frequency and sonographic image-processing platforms
[10,11]. Because higher-frequency transducers can lead to overdiagnosis, it is
recommended that the diagnosis of echogenic bowel be made with a transducer
frequency of 5 MHz or less [10]. All of these factors make echogenic bowel one
of the more difficult and controversial ultrasound findings used to predict the
at-risk fetus. What should be clear is that criteria for the diagnosis should be
strict; if less strict criteria are used, this finding is overdiagnosed and its sen-
sitivity for detecting the fetus at risk for other abnormalities decreases.
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Aneuploidy

The association of echogenic bowel with aneuploidy, particularly trisomy 21,
has been demonstrated in several studies [1,12—16]. A review of 11 published
series of fetuses with echogenic bowel in which information was available about
aneuploidy found that 11.8% had chromosomal abnormalities [2]. The risk of
aneuploidy in a fetus with echogenic bowel is highest in the presence of addi-
tional sonographic abnormalities; however, echogenic bowel may be the only
sonographically detected abnormality in an aneuploid fetus [15—17]. The relative
risk of Down syndrome for fetuses with hyperechoic bowel has been reported
to be 5.5 times the a priori risk [18]. This association has been postulated to be
caused by poor bowel motility resulting in increased water absorption and thick-
ened meconium [6].

The largest series in the literature is a prospective collaborative series of
680 cases of fetuses with echogenic bowel referred for prenatal diagnosis, as
summarized in Table 1 [16]. In this series, hyperechoic bowel was observed in
0.1% of second-trimester ultrasounds. Chromosome abnormalities were observed
in 29 (4.3%) cases, of which 24 (3.5%) were severe, including 17 (2.5%) of

Table 1
Outcome of 682 cases of echogenic bowel
Neonatal
Outcome N (%) TOP (N) IUFD (N) death (V)
Normal healthy newborn 447 (65.5) — — —
Chromosomal abnormality 29 (4.3) 21 2 0
Trisomy 21 17 (2.5) 15 1 0
Other 12 (1.8) 6 1 0
Severe 7 (1) 6 1 0
Less severe® 5(0.7) 0 0 0
Cystic fibrosis 21 (3.1) 16 0 0
Infectious diseases 19 (2.8) 12 1 0
Cytomegalovirus 15 (2.2) 12 1 0
Parvovirus 4 (0.6) 0 0 0
Toxoplasmosis 0 (0) — — —
Rubella 0 (0) — — —
IUGR 28 (4.1) 0 2 0
Intra-amniotic bleeding 21 (3.1) NS NS NS
Unexplained IUFD 13 (1.9) — 13 —
Associated structural abnormalities 47 (6.9) 17 2 3
Gastrointestinal abnormalities 20 (2.9) 3 1 0
Multiple visceral abnormalities 12 (1.8) 4 1 1
Cardiac abnormalities 5(0.7) 2 0 1
Other 10 (1.5) 8 0 1

Abbreviations: TUFD, intrauterine fetal demise; IVGR, intrauterine growth restriction; NS, not spe-
cified; TOP, termination of pregnancy.

? Less severe includes Klinefelter syndrome, Robertsonian translocation, and mosaic trisomy X.
Adapted from Simon-Bouy B, Satre V, Ferec C, Malinge MC, Girodon E, Denamur E, et al. Hyper-
echogenic fetal bowel: a large French Collaborative Study of 682 cases. Am J Med Genet 2003;
121A(3):209—13; with permission.
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which were Down syndrome. This is consistent with the findings of previous
studies. In 11 (65%) of the cases with Down syndrome, echogenic bowel was the
only sonographic abnormality noted. The risk of a severe chromosomal abnor-
mality (including Down syndrome) when echogenic bowel was isolated or seen
in conjunction with other abnormalities was 1.6% and 1.9%, respectively.

Cystic fibrosis

Echogenic bowel has been reported to be found on ultrasound in 50% to 78%
of fetuses affected with CF [19,20]. The association of echogenic bowel with
fetuses affected with CF is thought to be caused by changes in the consistency
of meconium in the small intestine as a result of abnormalities in pancreatic
enzyme secretion. This can result in detectible sonographic findings, such as dif-
fuse echogenic bowel, focal echogenic bowel with calcifications, a hyperechoic
mass, or bowel dilation [2,20,21]. These findings may appear as early as the
second trimester [20,21]. CF has been reported to affect 0.8% to 13.3% of fetuses
with echogenic bowel [1,17,22-25], markedly higher than the rate of CF ex-
pected in a white population in which the carrier frequency is 1 in 25. Simon-
Bouy et al [25] found that of 682 cases of hyperechogenic bowel referred for CF
testing, 21 (3.1%) were found to have CF (see Table 1).

As with any screening marker, echogenic bowel is most predictive of CF
in populations at highest risk for CF. High-risk populations, however, are those
that are most likely to be screened routinely for CF. There is some evidence that
the detection of echogenic bowel in populations at low-risk for this disease does
not increase the risk of CF when compared with the background risk [26].

Congenital infection

The association of congenital infections with echogenic bowel has been
reported to be from 0% to 10% [17]. The most commonly detected infectious
agent is CMV, although cases with other infections, such as toxoplasmosis,
parvovirus, varicella, and herpes simplex, have also been described in case
reports [2,27]. Simon-Bouy et al [25] prospectively checked maternal rubella,
toxoplasmosis, and CMV serologies (IgG and IgM) in 682 cases of fetal
echogenic bowel (see Table 1). When seroconversion was observed, CMV poly-
merase chain reaction testing was performed in amniotic fluid. Parvovirus B19
polymerase chain reaction was also performed in all cases. A total of 19 viral
infections were diagnosed, which represented 2.8% of fetuses: 15 (2.2%) CMV
and 4 (0.6%) parvovirus. In 11 of the fetuses with CMV, echogenic bowel was the
only sonographic abnormality noted. All four of the fetuses with parvovirus had
associated abnormalities. It is unclear how a viral infection results in the echo-
genic appearance of the bowel. It may be caused by direct intestinal damage
from inflammation or meconium peritonitis or indirectly by ascites, anemia, or
growth restriction [2,27].
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Intrauterine growth restriction

Intrauterine fetal growth restriction has been estimated to complicate 4% to
18% of pregnancies with echogenic bowel, even in the setting of a normal
karyotype [2,16,17,25]. The association of echogenic bowel with [IUGR may be
caused in part by ischemia from redistribution of blood flow away from the gut
[3]. The presence of IUGR or elevated maternal serum alpha-fetoprotein in the
second trimester in association with echogenic bowel seems to be associated
with a particularly poor fetal prognosis. In one series, all six fetuses with both
echogenic bowel and elevated maternal serum alpha-fetoprotein were growth
restricted: four died in utero, one of two live-born infants died during the neonatal
period, and the single survivor developed necrotizing enterocolitis requiring
surgery [28]. This poor prognosis has been confirmed in other studies [1,15].

Intra-amniotic bleeding

Echogenic bowel has also been associated with evidence of intra-amniotic
bleeding. This is thought to be caused by fetal swallowing of blood, which is
very echogenic. One series found that 22% of fetuses with echogenic bowel had
evidence of heme pigment in amniotic fluid [4]. In another series, 3.1% of
amniotic fluid was grossly contaminated with blood [25]. Finally, Petrikovsky et
al [29] examined 28 fetuses before and 12 hours after intrauterine transfusion, a
procedure that commonly introduces blood into the amniotic cavity by post-
puncture bleeding. Although none of the fetuses had echogenic bowel before
intrauterine transfusion, 25% of these fetuses had evidence of bowel echogenicity
within 12 hours of the bleeding episode and 18% still had evidence of echo-
genicity 2 weeks later [29]. In general, pregnancies with evidence of intra-
amniotic bleeding but without additional anomalies have a good prognosis [15].

Prognosis

Although one analysis of nine studies found that 34% of fetuses with echo-
genic bowel have a poor perinatal outcome, the most important prognostic factor
is whether or not there are associated fetal abnormalities [17]. The prognosis
seems to be particularly poor in the setting of early [IUGR and elevated maternal
serum alpha-fetoprotein. Fetuses with echogenic bowel as an isolated finding
seem to have a much better prognosis. This is because in most cases the finding
of isolated echogenic bowel is associated with a normal fetus. One study, which
examined 175 fetuses in 171 pregnancies complicated by isolated echogenic
bowel, found that only 6.3% of fetuses were affected with CF (five fetuses),
aneuploidy (five fetuses), and CMV (one fetus) [1]. In a larger series, 447
(65.5%) of 682 cases of echogenic bowel resulted in the birth of a normal
healthy newborn (see Table 1) [25]. In the normal fetus, the finding of echogenic
bowel usually resolves over a period of weeks with no adverse sequelae [30].
Despite this, there does seem to be an increased risk of unexplained intrauterine
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fetal demise in fetuses with unexplained echogenic bowel, with a rate of 1.9%
reported in one series [25].

Evaluation and management

The finding of bona fide echogenic bowel at the time of second-trimester
ultrasound should prompt a work-up that targets these findings. A detailed
ultrasound of the fetus should be performed, and an amniocentesis for karyotype
should be recommended even when echogenic bowel is an isolated finding. A
careful history should be taken to elicit any history of bleeding in the pregnancy,
and there should be careful evaluation of the amniotic fluid, placenta, and mem-
branes for any features of intra-amniotic bleeding, such as particulate debris or
clot floating in the amniotic fluid or chorioamniotic separation. CF carrier testing
for both parents should be recommended. Maternal serologic testing for evidence
of recent CMV and toxoplasmosis should be performed (IgG and IgM). If there is
evidence of recent infection, an amniocentesis can be performed and the amniotic
fluid tested for evidence of CMYV, toxoplasmosis, and parvovirus infection. Be-
cause these fetuses are at risk for IUGR, these fetuses should be followed with
serial growth scans. If all of these studies are normal, some form of antenatal
testing (nonstress test or biophysical profile) seems warranted because of the
possible association between echogenic bowel and intrauterine fetal demise.

Pyelectasis

Dilation of the fetal renal pelvis is a common finding on antenatal ultrasound,
with an incidence reported to be from 0.3% to 4.5%, with most reports around
1% (Fig. 2) [31-37]. Fetuses with significant pyelectasis (> 10 mm) are clearly

Fig. 2. Bilateral renal pyelectasis: mild on the right, moderate on the left.
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at risk for having structural abnormalities that require postnatal evaluation and
therapy [38]. The significance of mild pyelectasis is less clear. Mild pyelecta-
sis refers to mild dilation of the pelvis (< 10 mm) as measured as the antero-
posterior diameter on transverse (axial) section through the fetal abdomen with
minimal or no dilation of the intrarenal (calyceal) system. Mild pyelectasis
has been associated with many neonatal urologic disorders and chromosomal
abnormalities, most notably Down syndrome. The literature on pyelectasis is
extremely heterogenous and is mostly limited to small series, making both the
prenatal and postnatal management and counseling of these patients very difficult
and controversial.

Diagnosis

A variety of parameters have been used in the literature to define mild
pyelectasis, accounting for the wide range of reported incidences. Although mild
pyelectasis was initially described as a ratio of the pelvic diameter to the renal
diameter, more recent studies define mild pyelectasis using a variety of gesta-
tional age-dependent parameters of the anteroposterior diameter, some of which
are described in Table 2 [39]. In general, mild pyelectasis is diagnosed when the
renal pelvis anteroposterior diameter is greater than 4 or 5 mm and less than
10 mm. The fact that different ultrasound criteria are used to define pyelectasis

Table 2

Gestational age-based criteria for the diagnosis of fetal renal pyelectasis®

Study Definition N

Benacerraf 1990 > 4 mm 16-20 wk 210
> 5 mm 20-30 wk
> 7 mm 30-40 wk

Corteville 1991 > 4 mm < 33 wk 63
> 7 mm > 33 wk

Corteville 1992 >4 mm < 33 wk 127
> 7 mm > 33 wk

Adra 1995 >4 mm < 33 wk and < 10 mm 68
> 7 mm > 33 wk and < 10 mm

Langer 1996 > 5 mm < 28 wk 95
> 10 mm > 28 wk

Wickstrom 1996a > 4 mm all gestational ages 82

Wickstrom 1996b >4 mm < 33 wk 121
> 7 mm > 33 wk

Chudleigh 2001 > 5 mm and < 10 mm at 16—-26 wk 737

Broadley 1999 > 5 mm > 18 wk 139
> 10 mm > 30 wk

Ismaili 2003 >4 mm < 33 wk and < 10 mm 258
> 7 mm > 33 wk and < 10 mm

Bobrowski 1997 > 4 mm < 32 wk 230

> 7 mm > 32 wk

? Measurements are of the anteroposterior diameter of the fetal renal pelvis.



M. Rochon, K. Eddleman / Obstet Gynecol Clin N Am 31 (2004) 61-99 69

in different series, and that some of these series limit their criteria to only mild
pyelectasis (anteroposterior diameter >4 mm and < 10 mm), whereas others
include all fetuses with pyelectasis (> 4 mm), makes the literature very difficult
to interpret. The optimal criteria to use depend on the condition being screened.
For example, if one is screening for renal anomalies, it may be desirable to be
100% sensitive, so as to detect all fetuses that are at risk for postnatal abnor-
malities. Corteville et al [31] in a study evaluating the ability of six different
ultrasonographic parameters to predict postnatally confirmed congenital hydro-
nephrosis, found that an anteroposterior diameter of greater than or equal to 4 mm
before 33 weeks and greater than or equal to 7 mm after 33 weeks had a
sensitivity of 100%, but a false-positive rate of 21% to 55% (depending on the
gestational age). If one is screening for Down syndrome, however, it is preferable
to minimize the false-positive rate to less than 5% so as to avoid unintended fetal
loss as a result of invasive procedures. Corteville et al [32], using the parameters
of greater than or equal to 4 mm before 33 weeks and greater than or equal to 7
mm after 33 weeks, found the overall sensitivity of pyelectasis for the detection
of Down syndrome to be 17%. This dropped to 4% when pyelectasis was an
isolated finding. The false-positive rate in this series was 2%, with a positive
predictive value of isolated pyelectasis for Downs of 1 in 340 [32].

Further complicating the diagnosis of pyelectasis is that the size of the fetal
renal collecting system seems to be highly variable over time. Persutte et al [40]
performed intermittent ultrasound measurements (every 15 minutes) on 20 fe-
tuses with pyelectasis. Overall, the mean variation (minimum to maximum) for
the transverse anteroposterior diameter was 3.8 + 2.49 mm. Seventy percent
of cases had both normal and abnormal values during the 2-hour study period
(<4 mm and >4 mm, respectively). One should exercise significant caution
when considering the implications of renal collecting system dilation based on a
single anteroposterior measurement.

Characteristics

Fetal pyelectasis is more often bilateral, but when unilateral it is more likely
to be on the left side [33,41]. It is more common in male fetuses both prenatally
and postnatally [31,33,42—44]. Fetuses may be more likely to have pyelectasis if
they have a full bladder, or if the women themselves have concomitant
pyelectasis [45,46]. The effect of maternal hydration on fetal pyelectasis is
unclear; aggressive maternal hydration did not increase the risk of fetal pyel-
ectasis in some series but did in others [47—49]. Laterality does not seem to be
useful for prognosis. In one study, bilateral pyelectasis was more likely to
progress to hydronephrosis than unilateral pyelectasis (26% versus 3%, respec-
tively) [50]. Another study showed that resolution was more likely to occur in
fetuses with bilateral pyelectasis (39% versus 18% resolution in unilateral fetuses,
P = .046) and that fetuses with unilateral pyelectasis had a significantly higher
incidence of urinary tract pathology at birth (59% versus 34% in bilateral fetuses,
P = .03) [43]. Gender does not seem to influence rates of progression or
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resolution of pyelectasis [43,50]. The distribution of urologic abnormalities is
also similar between male and female infants, although one study showed a trend
toward a higher incidence of vesicoureteral reflux in male fetuses [43]. There are
no data on whether unilateral or bilateral pyelectasis is more or less likely to be
associated with Down syndrome.

Pyelectasis and aneuploidy

An association of pyelectasis with aneuploidy (primarily Down syndrome)
was first suggested in 1990 when, in a selected high-risk population, 25% of
fetuses with Down syndrome were noted to have pyelectasis compared with 2.8%
of fetuses with normal karyotype [34]. Other studies, mainly in high-risk, selected
populations, have supported this finding by showing that fetal pyelectasis is
associated with an increased risk for both Down syndrome and other chromo-
somal abnormalities, although a few studies have found no association [32,33,
42,43,51-54]. Pyelectasis has also been associated with an increased risk of other
fetal anomalies [32]. Not surprisingly, the association of pyelectasis with Down
syndrome is strongest when other anomalies are present [42,55]. The largest
series of fetal pyelectasis, a multicenter, prospective, observational study of
unselected fetuses examined between 16 and 26 weeks, identified 737 fetuses
with mild pyelectasis in a population of 101,600 births. Of these 737 fetuses,
12 (1.7%) had chromosomal abnormalities (six trisomy 21, one trisomy 13, one
trisomy 8, two Turner’s syndrome, one unbalanced translocation, and one
47,XXX). Of the 12 fetuses with chromosomal abnormalities, 9 had associated
sonographic abnormalities and one mother was advanced maternal age (AMA);
only two chromosomal abnormalities occurred in the setting of isolated pyelec-
tasis in low-risk women (0.3%). This study showed the risk of aneuploidy in
a fetus with isolated mild pyelectasis to be 0.33% and 2.22% in women less
than 36 and greater than or equal to 36 years, respectively.

The most important question is whether isolated mild pyelectasis is asso-
ciated with an increased risk of aneuploidy in a low-risk population, because
those who are already at a higher risk for aneuploidy are offered invasive testing
whether or not mild pyelectasis is present. Unfortunately, there are little data on
the ability of isolated pyelectasis to predict aneuploidy in a low-risk unselected
population. A recent retrospective study reviewed the ultrasounds of 25,586
primarily low-risk, unselected women and found 320 cases of pyelectasis
(defined as > 5 mm anteroposterior diameter) for an incidence of 1.25% [33].
Nineteen of the fetuses with pyelectasis had associated sonographic anomalies,
and in 301 (incidence 1.18%) pyelectasis was an isolated finding. None of the
fetuses in this series had aneuploidy. Although the authors state that this study
was primarily in a low-risk population, there were some women in this series who
were AMA. More studies are needed to assess the predictive value of isolated
mild pyelectasis in a low-risk population, particularly when taking into account
the results of multiple marker screening and nuchal translucency.
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Pyelectasis and postnatal renal abnormalities

In addition to its association with chromosomal abnormalities, prenatally
detected pyelectasis is also useful as a marker of postnatal urinary tract abnor-
malities. The theoretical benefit of prenatal diagnosis is to be able to alert the
pediatrician so that early intervention, if needed, can minimize postnatal mor-
bidity. There are no data, however, to show that the prenatal detection of pye-
lectasis improves neonatal outcome.

Data on the natural history of pyelectasis, particularly of mild pyelectasis, are
confusing because of the heterogeneous nature of this literature. A few general-
izations, however, can be made. For approximately 60% to 70% of fetuses, the
pyelectasis remains stable, improves, or completely resolves on subsequent
examinations. The remainder, approximately one third to one quarter of fetuses,
has progression of their pyelectasis [31,33,37,43,44,56]. In utero progression
of pyelectasis does not necessarily predict postnatal uropathy, but it does put
the fetus at increased risk for clinically significant disease. Of those kidneys
showing progression, regression, or no change of isolated pyelectasis, postnatal
uropathy was noted in 60%, 23%, and 32% of fetuses, respectively, in one series
looking at 105 fetuses with pyelectasis [37]. When progression of pyelectasis
occurred prenatally in this series, the probability of corrective surgery in the
infant was 50%.

The previously mentioned cohort included fetuses with all degrees of
pyelectasis. A recent series described the natural history of pyelectasis in 213
fetuses (426 kidneys) with only minor degrees of dilation (mild and moderate
pyelectasis) in an unselected population [35]. In this series, fetuses were
examined sonographically in both the second and third trimester. Fetuses were
categorized as having had pyelectasis detected in the second trimester only,
the third trimester only, or in both the second and third trimesters. In this series,
38% of fetuses with antenatal evidence of pyelectasis at any time had normal
urinary tracts on postnatal examination. Sixty-two percent of fetuses (42% of all
kidneys) had postnatal renal abnormalities, the distribution of which is illustrated
in Table 3. Sixty-three percent of those with postnatally detected disease had
significant nephrouropathies that required long-term medical care (39% of fetuses
overall). Fetuses were more likely to have postnatal renal abnormalities if they
had pyelectasis in the third trimester. The presence of pyelectasis in the second
trimester only, however, did not completely rule out postnatal abnormalities,
because 12% of those fetuses whose pyelectasis had resolved on the third-
trimester scan had significant nephrouropathy.

Long-term prognosis

In the chromosomally normal fetus, the predictive value of prenatal findings
for long-term postnatal genitourinary pathology remains uncertain. The best
predictions can be made based on the presence of pyelectasis in the third trimes-
ter and the severity of the pyelectasis [35,38,43,57]. In one series, a cohort of
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Table 3
Postnatal abnormalities found in 213 infants (426 kidneys) with prenatally diagnosed mild and mo-
derate pyelectasis

Pathologic condition Kidneys (%)
Pelviureteric junction stenosis 7
Primary vesicoureteric reflux 8
Transitory hydronephrosis 8
Mild idiopathic dilation 5
Megaureter 4
Complicated renal duplication 3
Noncomplicated renal duplication 3
Other pathology 3
Total kidneys with pathology 42

From Ismaili K, Hall M, Donner C, Thomas D, Vermeylen D, Avni FE. Results of systematic
screening for minor degrees of fetal and renal pelvis dilation in an unselected population. Am J Obstet
Gynecol 2003;188:242—6; with permission.

75 fetuses with bilateral pyelectasis were identified and followed until 4 years of
age. Data from that study are summarized in Table 4 [57]. None of the fetuses
with mild pyelectasis had chronic renal failure or neonatal death by age 4,
although 5% of them required surgery. Of the fetuses with moderate and severe
pyelectasis, 9% of the children went on to develop chronic renal failure, 15%
suffered neonatal deaths, and 36% required surgery. Three of the five neonatal
deaths in the moderate-severe group had severe associated anomalies; the other
two children had posterior urethral valves. This study reaffirms the association
between the incidence and severity of postnatal genitourinary disease with the
degree of in utero pyelectasis. Overall, the prognosis for most patients with
pyelectasis is good, particularly when there are no associated anomalies, and
particularly when the degree of dilation is mild.

Management of a pregnancy with pyelectasis

As do any other soft markers, the detection of pyelectasis should prompt a
thorough evaluation for concomitant abnormalities. A fetal echocardiogram can

Table 4
Outcome by age 4 of fetuses with prenatally diagnosed bilateral pyelectasis

Chronic renal Neonatal Genitourinary
Dilation N failure (%) death (%) surgery (%)
Mild 42 0 0 5
Moderate 30 7 13 37
Severe 3 33 33 33

Mild: 5—-10 mm; moderate: 10—15 mm < 30 wk; 10—-20 mm > 30 wk; severe: > 15mm < 30 wk,
> 20 mm > 30 wk.

From Broadley P, McHugo J, Morgan I, Whittle MJ, Kilby MD. The 4 year outcome following the
demonstration of bilateral renal pelvic dilatation on pre-natal renal ultrasound. Br J Radiol 1999;72:
265—70; with permission.
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be considered to evaluate the fetal heart comprehensively. In the absence of other
anomalies, soft markers, or risk factors for aneuploidy (such as maternal age),
amniocentesis for isolated mild pyelectasis does not seem to be warranted.

Because 30% of cases with mild pyelectasis advance to hydronephrosis, these
evaluation in the third trimester (preferably after 28 weeks) is recommended to
identify worsening or persistent cases. In the absence of oligohydramnios,
patients can be delivered at term. Prenatal sonography does not seem to be
sensitive enough to differentiate those cases with mild pyelectasis that develops
postnatal uropathy from those that do not. Therefore, it is recommended that all
infants with persistent mild fetal pyelectasis undergo some degree of postnatal
evaluation or surveillance.

Echogenic intracardiac foci

Echogenic intracardiac foci are normally described as discrete areas of
echogenicity comparable with bone in the region of the papillary muscle in
either cardiac ventricle [58]. Echogenic intracardiac foci are thought to represent
calcifications within the fetal papillary muscle, and may be the result of an
aggregate of chordal tissues that have failed to fenestrate completely, enhance-
ment of abnormal tissue, or a collection of fibrous tissue with increased echo-
genicity [59,60]. In some cases, EIF may also represent true microcalcifications
within the cardiac muscle [58].

Appearing sonographically as a bright spot in one of the ventricles, EIF is a
common finding seen in approximately 4% of obstetric sonograms (Fig. 3) [61].
The incidence of EIF can vary with ethnicity, with the lowest rates seen in
black populations and the highest rates seen among Asian patients [62]. EIF can
be single or multiple, and although they can appear in either ventricle, most (72%
to 88%) are seen in the left ventricle [60,63—66]. Unlike the diagnosis of echo-
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Fig. 3. Echogenic intracardiac foci.



74 M. Rochon, K. Eddleman / Obstet Gynecol Clin N Am 31 (2004) 61-99

genic bowel, which can be quite subjective, the diagnosis of EIF is relatively
straightforward, although it has been suggested that technical factors, such as
the experience of the sonographer, fetal position, and machine settings, may
influence visualization of EIF [67].

Echogenic intracardiac foci were initially thought to represent a normal variant
[68]. An association between EIF and aneuploidy was first suggested in the early
1990s when calcification of the papillary muscle was noted in 39% of abortuses
with trisomy 13, 16% of abortuses with trisomy 21, and 2% of euploid abortuses
[59]. Although this association has been attributed to vascular maldevelopment,
the exact pathophysiologic link to aneuploidy remains uncertain [59,61]. Since
that first series, there have been many studies confirming the association of EIF
and aneuploidy [63,66,69—80]. For example, Bromley et al [69] prospectively
evaluated 1334 patients referred for amniocentesis and found that 4 (18%) of
22 fetuses with trisomy 21 had EIF, compared with only 62 (4.7%) of 1312 fe-
tuses without trisomy 21. Similarly, Manning et al [70] reviewed the ultrasounds
of 901 high-risk women who underwent amniocentesis at the time of targeted
ultrasound and found that 3 (13%) of 24 fetuses with EIF had Down syndrome,
significantly more than fetuses without EIF (14 [2%] of 877 fetuses, P = .009).
Vibhakar et al [80] confirmed these findings in a retrospective cohort study of
2412 women undergoing amniocentesis, which showed that fetuses with EIF
had a relative risk of 3.3 of aneuploidy when compared with fetuses without
EIF. Furthermore, in this series the presence of isolated EIF carried a relative
risk of 4.1 when compared with those fetuses that sonographically had no other
findings associated with aneuploidy. Finally, Winter et al [73] prospectively
evaluated 3303 consecutive fetuses in a high-risk population and determined that
EIF was found in 4.6% of normal fetuses and 30% of fetuses with trisomy 21. For
a sonographically isolated EIF, the sensitivity, specificity, and positive predictive
value were calculated to be 19%, 95%, and 3.7%, respectively, with a relative risk
of 4.8.

Although these data suggest an association of EIF with Down syndrome,
these studies were all performed in high-risk, selected populations (most of the
patients had been referred for amniocentesis), in which amniocentesis is normally
recommended even without the presence of EIF. It is more useful to evaluate the
risk of aneuploidy in association with EIF in low-risk (< age 35) populations,
particularly when EIF is an isolated finding, because it is in those instances that
the finding of EIF can influence recommendations for invasive testing.

There are few studies evaluating EIF in a low-risk population. A recently
published, large, prospective, population-based observational study of 12,373 wo-
men identified 267 cases of EIF, 72% (193 of 9167) of which were found in wo-
men under the age of 35 [81]. The overall incidence of EIF in this series was
2.2%; 2.1% in women less than 35 and 3.4% for fetuses of mothers greater than
or equal to 35 years old. Isolated EIF was present in 1.6% of women less than 35
and 1.8% of women greater than or equal to 35. Of the 193 cases in low-risk
women (< age 35), EIF was an isolated sonographic finding in 149 fetuses (77%
of EIF cases in women < age 35). None of the cases of isolated EIF detected
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on second-trimester ultrasound in women less than 35 was associated with
aneuploidy. The authors concluded that EIF as an isolated finding on second-
trimester ultrasound in a woman less than age 35 does not change the risk of
aneuploidy and does not warrant invasive testing. Other authors have agreed with
this appraisal [82].

To evaluate the clinical significance of EIF further in a low-risk patient,
Caughey et al [83] created a decision analytic model that compared the standard
of second-trimester triple marker screen for Down syndrome with a policy in
which amniocentesis with an isolated EIF on ultrasound (in addition to the triple
marker screen) is offered to all women in the United States who are less than
35 years of age. The authors calculated that using isolated EIF as a screen results
in an additional 118,146 amniocenteses performed annually to diagnose 244 fe-
tuses with Down syndrome, which results in 2.4 procedure-related losses for each
additional Down syndrome fetus that was identified.

Echogenic intracardiac foci are not very useful as a marker for aneuploidy
primarily because it is detected in only 11% to 30% of Down syndrome fetuses,
which explains its low sensitivity [18,61,84]. A recent meta-analysis evaluating
the performance of EIF for Down syndrome in 11 studies with a total of 51,831
patients found the overall sensitivity and specificity of EIF for predicting Down
syndrome to be only 26% (95% CI 14%, 33%) and 95.8% (95% CI 91%, 98.2%),
respectively (Table 5) [61]. The sensitivity drops even further to 22% when EIF
is an isolated finding. The authors calculated that, in general, the prior risk of
Down syndrome, as calculated by maternal age, history of previous affected
pregnancy, and prior screening tests, is increased by a factor of 5.4 when EIF are
present, and is reduced by a factor of 0.8 when no foci are detected.

In the absence of aneuploidy, EIF has not been associated with structural
cardiac abnormalities [85]. One study suggested that multiple or right-sided foci
may have a worse prognosis when compared with single left-sided foci, but
others show no such association [60,86]. A recent study found that early
ventricular filling and active atrial filling peak velocity ratios were significantly
lower in fetuses with EIF, which may indicate cardiac diastolic dysfunction [87].
Despite this finding, there does not seem to be any increase in childhood
myocardial dysfunction when compared with the general population, although
EIF may persist into early childhood [64].

Table 5
Diagnostic performance of echogenic intracardiac foci for Down syndrome
% Sensitivity % Specificity Likelihood ratio
All EIF 26 96 6.2
Isolated EIF 22 96 54
Combined EIF 26 96 7

Abbreviation: EIF, echogenic intracardiac foci.

Adapted from Sotiriadis A, Makrydimas G, loannidis PA. Diagnostic performance of intracar-
diac echogenic foci for Down syndrome: a meta-analysis. Obstet Gynecol 2003;101:1009—16;
with permission.
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Management

As with any other abnormal finding on ultrasound, the detection of an EIF
should prompt a detailed sonographic examination to search for any associated
anomalies. In the setting of other sonographic abnormalities, or in a high-risk
population (women of advanced maternal age, women with a history of a
chromosomal abnormality), EIF may carry some clinical significance, and an
amniocentesis to rule out aneuploidy should be recommended. The data that are
available from low-risk populations seem to indicate, however, that isolated EIF
is not associated with an increased risk of Down syndrome, or if it is, that risk is
much less than the procedure-related loss rates associated with invasive testing.
In the authors’ institution isolated EIF in a woman less than 35 is considered an
incidental finding and amniocentesis is not recommended. Because there is no
association of EIF with structural cardiac disease, further evaluation of EIF is not
necessary either prenatally or postnatally.

Clubfoot

Clubfoot, or talipes equinovarus, is a deformity in which the foot is
excessively plantar flexed, with the forefoot bent medially and the sole facing
inward. This usually results in the underdevelopment of the soft tissues on the
medial side of the foot and calf and to various degrees of rigidity of the foot and
calf. The deformity is not passively correctable and does not resolve spontane-
ously. Clubfoot is a relatively common birth defect, with an incidence ranging
from about 0.1% in the newborn population to 0.4% when diagnosed antenatally
by ultrasound [88]. The incidence of clubfoot varies with ethnicity, with a
reported incidence of 0.4 per 1000 live births in Chinese, 1 to 5 per 1000 in
whites, and 6 to 8 per 1000 in Polynesians [89]. Male fetuses are more commonly
affected than females, with a 2:1 predisposition [90]. Clubfoot is bilateral in
approximately 50% of cases, but when unilateral is not predisposed to a particu-
lar side [91-93]. Clubfoot can be isolated, or associated with other structural
abnormalities. Other abnormalities are more likely to be present if clubfoot is
diagnosed antenatally. For example, clubfoot has been associated with other
structural abnormalities 10% to 14% of the time in neonatal series and as high as
80% in prenatal series [92,94,95]. It can also be associated with many genetic
syndromes, some of which are listed in Table 6 [90,92].

Etiology

The etiology of clubfoot remains unclear. Both environmental (extrinsic)
or genetic (intrinsic) factors have been implicated. Extrinsic etiologies are related
to environmental factors that cause deformations during fetal development. Sev-
eral environmental etiologies have been theorized over the years, although most
of the studies have been small and poorly designed [89]. It has been postulated
that deformation can occur because of crowding from multiple gestations, breech
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Table 6
Etiologies of clubfoot

Intrinsic
Chromosomal
Trisomy 18
Deletions of chromosomes 18q, 4p, 7q, 9q, 13q
Connective tissue
Arthrogryposis
Collagen defects
Joint synostosis
Neurologic
Anencephaly
Anterior motor horn cell deficiency
Hydrancephaly
Holoprosencephaly
Meningomyelocele
Spina bifida
Muscular
Myopathy
Myotonic dystrophy
Skeletal dysplasia
Campomelic dysplasia
Chondrodysplasia punctata
Diastrophic dysplasia
Ellis-van Creveld syndrome
Syndromes
Escobar syndrome
Hecht syndrome
Larsen’s syndrome
Meckel-Gruber syndrome
Multiple pterygium
Pena Shokeir
Smith-Lemli-Opitz
Zellweger’s syndrome
Extrinsic
Amniotic bands
Synechiae
Early amniocentesis
Intrauterine crowding
Fibroids
Multiple gestation
Oligohydramnios
Potter sequence
Increased birthweight
Breech
Nulliparity
Seasonal variation
Viral
Hyperthemia
Substance use
Maternal alcohol
Maternal and paternal smoking
Mllicit drugs

Adapted from Magriples U. Prenatal diagnosis of clubfoot. In: UpToDate, version 11.2. Wellesley,
MA: 2003; with permission. Available at www.uptodate.com.
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presentation, nulliparity, increased birthweight, uterine cavity abnormalities, am-
niotic bands, or oligohydramnios [96]. Seasonal variation has also been reported
[97,98]. It has been theorized that this may be caused by an infectious etiology,
although there are no data to support this hypothesis. Hyperthermia has also been
associated with clubfoot in animal studies, as have maternal alcohol consumption
and maternal and paternal smoking [99—101]. Preliminary data suggest there may
be an association of clubfoot with illicit drug use [96].

The strongest evidence for an environmental cause of clubfoot comes from
the Canadian Early and Mid-Trimester Amniocentesis Trial, a prospective ran-
domized study that compared the safety and accuracy of early amniocentesis
with midtrimester amniocentesis [102]. In this trial, 29 (1.3%) of 2187 children of
women in the early amniocentesis group compared with 2 (0.1%) of 2187 chil-
dren of women in the mid-trimester amniocentesis group had talipes equinovarus;
this was statistically significant (P = .0001). The occurrence of clubfoot increased
to 15% in the setting of amniotic fluid leakage, although none of the cases with
clubfoot had persistent oligohydramnios at the time of the detailed anatomic
survey done at 18 to 20 weeks. This implies that it is not only the presence of
oligohydramnios, but the timing of the oligohydramnios, that is important.

Intrinsic (heritable) factors have also been implicated in the disease. The
genetic contribution to clubfoot is incompletely understood. Clubfoot is most
commonly associated with multifactorial inheritance, although single gene trans-
mission has been suggested [89,103]. The theory that clubfoot has a heritable
component was demonstrated in one series in which the concordance for clubfoot
was 32.5% in monozygotic twins and 2.9% in dizygotic twins [104]. Twins
experience a similar intrauterine environment; any difference in phenotype be-
tween twin pairs must be caused by intrinsic (genetic) causes. Clubfoot has also
been associated with several genetic syndromes (see Table 6) [105]. Other
intrinsic causes include the development of neurologic, musculoskeletal, or
connective tissue disorders, because fetuses that do not move normally in utero
often develop clubfoot [105].

Further evidence for intrinsic causes of clubfoot is illustrated in the observed
recurrence risk. First-degree relatives of a person with idiopathic clubfoot are
at a significantly increased risk of having clubfoot when compared with the
general population. The recurrence risk for siblings with normal parents varies
according to the gender of the affected sibling; the recurrence risk for a sibling of
an affected male is 2%, and is 5% for the sibling of an affected female [106]. If a
child and another family member have clubfoot, or both parents have clubfoot,
the risk of having another affected child increases to 10% to 20% [89].

Diagnosis

The prenatal diagnosis of clubfoot is made sonographically by visualization
of the plantar surface of the fetal foot in the same plane as the bones of the
lower leg (Fig. 4). Multiple images should be observed, preferentially with move-
ment of the leg away from the wall of the uterus, to ensure that this is a fixed
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Fig. 4. Clubfoot. Note that the plantar surface of the foot is visualized in the same plane as the bones
of the lower leg.

abnormality and not just a temporary positioning of a normal foot that mimics
clubbing. Mild deformities may be more difficult to diagnose, because the foot
may be turned inward but not entirely parallel to the lower leg. Clubfoot can be
diagnosed as early as 12 or 13 weeks, although it can be diagnosed in any tri-
mester [88]. The false-positive rate was reported in one series to be 11.8% [107].

Detection of clubfoot on prenatal ultrasound has increased during the last
decade, primarily because of improvement in the quality of the ultrasound
equipment, operator expertise, and increased sonographic screening during the
pregnancy. Despite this, the diagnosis of clubfoot can still be difficult. In one
recently published retrospective series of 281 cases, the accuracy from 1987 to
1999 was only 35% [88]. This improved to almost 70%, however, in the last year
of that series. Accurate prenatal diagnosis is more likely when the condition is
bilateral, or when there are associated abnormalities [88]. In one study, all cases
with associated anomalies were identified prenatally [108].

Management

Sonographic detection of clubfoot warrants a detailed anatomic survey to
search for any associated abnormalities. A fetal echocardiogram should be
considered, and in the setting of associated structural abnormalities an amnio-
centesis should be recommended. There should also be a careful evaluation of
the uterus looking for any evidence of uterine abnormalities, such as fibroids or
a septum.

There is much controversy about whether to recommend amniocentesis after
detection of an isolated clubfoot. It seems that clubfoot is associated with
aneuploidy, but there are limited data adequately to quantify that risk. The data
available are from small series of high-risk, selected populations (populations that
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were likely to need amniocentesis anyway), as opposed to low-risk populations
in which these data are the most useful. Similarly, there are no data on the sen-
sitivity, specificity, and positive or negative predictive value of clubfoot for
predicting aneuploidy. Most studies have found that fetuses with clubfoot and
karyotypic abnormalities usually have additional structural abnormalities [93].
For example, in one retrospective series of 35 cases of clubfoot, all five fetuses
that had karyotypic abnormalities (four with trisomy 18, one with a translocation)
had associated structural abnormalities [95]. This is supported by the findings in
another series of 51 fetuses with isolated clubfoot, in which there were no cases
of fetal aneuploidy [93]. Other studies have suggested that clubfoot, even in the
absence of associated abnormalities, confers increased risk of aneuploidy. For
example, in a recently published series of 87 fetuses identified as having isolated
clubfoot, 4 fetuses (4.6%) had karyotypic abnormalities (one each of trisomy 18,
trisomy 21, 47 XXY, and 47 XXX) [107]. At least three of these women were
considered high-risk for aneuploidy, however, and amniocentesis would have
been recommended anyway: the two women with the sex chromosome abnor-
malities were over age 40, and the fetus with trisomy 18 had a single umbilical
artery and clenched hands (diagnosed postnatally). Furthermore, the ultrasounds
performed on the fetuses with the autosomal trisomies were performed at 15 and
16 weeks, and the early gestational age may account for the fact that the fetus
with trisomy 18 had an undetected two-vessel cord and clenched hands. Finally,
there is no mention of the results of whether multiple marker screens were
performed on these fetuses and recent data indicate that integrated first- and
second-trimester multiple marker screens can detect 80% to 90% of fetuses
with trisomy 21 [109]. Because from these limited data the predictive value of
clubfoot for aneuploidy is unknown, and amniocentesis is associated with a risk
of unintended loss, many clinicians do not recommend amniocentesis when the
finding of clubfoot is isolated.

An argument against this approach is the concern for the possibility of missing
associated abnormalities on ultrasound. In one series three (43%) of seven fetuses
thought to have isolated clubfoot were diagnosed with additional anomalies after
birth [95]. None of these fetuses had karyotypic abnormalities. Based on the
limited data available, in the authors’ institution we do not routinely recommend
amniocentesis for isolated clubfoot in a low-risk patient when the sonographic
fetal anatomic survey was deemed adequate.

Once there has been a thorough evaluation of the fetus for structural and
karyotypic abnormalities, the pregnancy can be allowed to continue to term. In
the absence of oligohydramnios or IUGR, there is no need to do serial growth
scans or antenatal testing, because isolated clubfoot has not been associated
with adverse pregnancy outcomes. Antenatal referral to a pediatric orthopedic sur-
geon may be helpful to prepare the patient for postnatal care. Treatment depends
on the severity of the clubfoot. Initial therapy consists mainly of manipulation
of the foot with casting or splinting, which corrects most defects. Surgery is
necessary in the minority of cases. Successful results can be obtained in 52% to
91% of cases, enabling most children to participate in normal activities [110].
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Single umbilical artery

A single umbilical artery has been reported to occur in 1% of all deliveries,
making it a relatively common finding [111]. The pathogenesis of a SUA is
uncertain, but may result from primary aplasia of one of the two umbilical arteries,
or alternatively, as consequence of the atrophy of one artery [112]. Absence of
the left artery is more common than the absence of the right [113,114]. A SUA
has been noted more frequently in gravidas at the extremes of reproductive
ages, and is three to four times more frequent in twins (versus singletons)
[115—117]. Marginal and velamentous cord insertions have been reported to
occur in 18% and 9.3%, respectively, among fetuses with SUA, as compared with
6.8% and 1.1%, respectively, of the placentas in singletons [111,112].

Diagnosis

The sonographic diagnosis of SUA can be made as early as 12 weeks ges-
tation, although the highest rates of detection are at 17 to 35 weeks [118].
Evaluation of the umbilical arteries can be done by looking at a free portion of
the cord, either longitudinally or in cross-section, or by using color Doppler in
the area of the fetal abdominal cord insertion site to identify the umbilical ar-
teries as they course on either side of the fetal bladder (Fig. 5). It is by the latter
method that the side of the missing umbilical artery can be determined. Some
authors have suggested that visualization of the vessels around the fetal bladder
may not be as accurate as looking at a free loop of cord [118,119], primarily
because it seems to increase the false-positive rate. Using a transverse view of a
free loop of the umbilical cord to make the diagnosis of SUA, transabdominal
sonography was reported in one series to have an 85% sensitivity, a 99.7%
specificity, an 85% positive predictive value, and a 99.7% negative predictive
value for the detection of a two-vessel cord [118]. The false-positive rate in this
series was only 0.03%; in another series that used both a cross-sectional image of
the umbilical cord and visualization of the two vessels coursing around the
bladder, the false-positive rate was much higher (14%) [118,120,121].

The diameter of the umbilical artery in a two-vessel cord tends to be larger
than the diameter of umbilical arteries in a three-vessel cord, and the vein-to-
artery ratio is decreased [122,123]. An umbilical artery greater than 4 mm or a
vein-to-artery ratio less than 2 may be diagnostic of SUA, although use of these
parameters does not seem to increase detection of SUA over the techniques de-
scribed previously [122—124]. Umbilical cords with SUA also have less Whar-
ton’s jelly, a larger umbilical vein, and are characterized by a lower number of
coils when compared with three-vessel cords [125,126].

It is important to distinguish between SUA and fusion of the two umbilical
arteries. Umbilical artery fusion may occur completely or intermittently along the
length of the umbilical cord [127]. Fusion of the two arteries may be mistaken
for SUA if multiple portions of the cord are not examined. The frequency of
fusion of the two umbilical arteries was found to be 3.1% in one study of pla-
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Fig. 5. Umbilical arteries as seen on color Doppler in the area of the fetal abdominal cord insertion
site. (4) Normal appearance of two umbilical arteries as they course around the fetal bladder.
(B) Single umbilical artery. Only one artery is seen going around the bladder.

centas from 702 consecutive deliveries [128]. The low frequency of SUA in this
series (0.2%) may reflect the true incidence of SUA in the general population
when fusion of the two umbilical arteries has been excluded. It is important to
distinguish between fusion of the two umbilical arteries and SUA whenever
possible, because there is no evidence that fusion of the two umbilical arteries is
associated with adverse perinatal outcomes [111,128]. If both two- and three-
vessel cords are identified, the patient should be considered to have a normal
three-vessel umbilical cord [118]. Like SUA, fusion of the two umbilical arteries
has been associated with increased rates of marginal (18.1%) and velamentous
(4.5%) cord insertions [128] as compared with singletons.

Evaluation of the umbilical cord vessels should be part of a detailed anatomic
survey. SUA can be an isolated finding, or it can be associated with other
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sonographic abnormalities, such as congenital anomalies, oligohydramnios, poly-
hydramnios, or IUGR. The association of congenital anomalies with SUA has
been well-documented [113,114,116,118,120,121,129—135]. The incidence of
congenital anomalies differs depending on the population under consideration.
This has been illustrated clearly in a meta-analysis of 37 studies in which the
incidence of associated anomalies was 66% when the diagnosis of SUA was
made using specimens obtained from early abortuses, fetal deaths, and autopsies,
but only 27% when the diagnosis was made from examination of the placenta
or infant after a live birth [136]. For the clinician, the most clinically relevant
population is the one in which the diagnosis is made on antenatal ultrasound,
because this is the population for which further evaluation and management de-
cisions may affect outcome. Data from 10 studies of fetuses with SUA diagnosed
by antenatal ultrasound are summarized in Table 7. In this population of over
900 fetuses, 37% of fetuses had sonographically detectable associated anomalies
in addition to SUA.

Associated anomalies and pregnancy outcome

Although no specific pattern of anomalies has been identified, the most
common anomalies associated with SUA are cardiac and genitourinary [116,
132,136]. Missing a particular umbilical artery (left or right) is not predictive
of associated anomalies, although a few studies have suggested that absence of
the left umbilical artery may be associated with more complex fetal anomalies
[114, 121,125,137]. Associated congenital anomalies in a fetus with SUA confer
increased risk of aneuploidy, estimated to be 31% (see Table 7). Surprisingly,
SUA as an isolated finding is not associated with an increased risk of aneuploidy.

Single umbilical artery has been associated with a worse pregnancy outcome
than fetuses with two umbilical arteries. For example, Gornall et al [135] com-
pared 107 cases of SUA from an unselected cohort of more than 35,000 births
as a comparison cohort, and found that perinatal mortality was 49 per 1000 total
births for the SUA group, significantly higher than the 8.3 per 1000 total births
rate for all deliveries at the same institution in the same time period. Fetuses with
SUA delivered at an earlier gestational age (36.6 versus 38 weeks) weighed less
(2706 versus 3017 g), were more likely to be small-for-gestational-age (defined
as birthweight < 10th percentile, 27% versus 14% of fetuses), and were 1.7 times
more likely to be delivered by cesarean section. These findings have been sup-
ported by some studies, whereas others have found no difference [114,130,131,
134,138-140].

In general, the increased morbidity and mortality associated with pregnancies
complicated by SUA is attributable to the increased rates of associated anoma-
lies and aneuploidy. Some studies, however, have shown a persistent increase in
morbidity and mortality of fetuses with isolated SUA. In the series described
previously, the perinatal mortality rate for the isolated SUA group was 24 per
1000 total births, which represented nearly a threefold increase when compared
with the general rate in that institution for the same time period, although this was



Table 7
Rates of aneuploidy in fetuses with isolated and nonisolated single umbilical artery when SUA is identified by antenatal ultrasound
Incidence isolated Incidence aneuploidy Incidence aneuploidy
Study Design N SUA (%) with ISUA (%) with NISUA (%)
Nyberg 1991 Retrospective 30 50 0 40
Parilla 1995 Retrospective 57 — 0 —
Catanzarite 1995 Retrospective 82 55 0 27
Abuhamad 1995 Prospective 77 74 0 30
Ulm 1997 Prospective 113 72 0 31
Chow 1998 Retrospective 167 71 — —
Lee 1998 Retrospective 61 39 4 22
Rinehart 2000 Retrospective 27 33 0 —
Geipel 2000 Prospective 102 58 0 23
Pierce 2001 Retrospective 65 74 ? ?
Budorick 2001 Retrospective 65 54 0 50
Gossett 2002 Retrospective 127 72 — —
Total 973 64 0.4 31

Abbreviations: ISUA, isolated single umbilical artery; NISUA, nonisolated single umbilical artery (ie, with associated sonographic abnormalities; SUA, single umbili-
cal artery.
? Only included fetuses with isolated SUA.
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not statistically significant (OR 2.9; 95% CI 0.7,12, P = .15). Some studies have
reported an increased rate of IUGR in fetuses with isolated SUA, although most
of the data involve small numbers [131,134,141]. As an example, in a retrospec-
tive analysis of 82 fetuses with SUA, 7 (18%) of the 38 fetuses with prenatally
diagnosed SUA had TUGR [131]. Increased rates of intrauterine fetal demise
and preterm delivery have also been reported for fetuses with isolated SUA
[121,132,141]. Other studies have not supported these findings [114,129,130].

Management of single umbilical artery

Because the finding of SUA carries with it a substantially increased risk of
congenital abnormalities and aneuploidy, the finding of SUA on a second-
trimester ultrasound should prompt an immediate detailed ultrasound examina-
tion to rule out any associated abnormalities. Referral to an experienced center
should be done whenever necessary. Fetal echocardiography should be consid-
ered. In one series, 5% of fetuses referred for fetal echo with presumed isolated
SUA had abnormal findings [121]. In another series, however, fetal echo did not
add any diagnostic information in fetuses with SUA when the normal four-
chamber and outflow tract views of the heart had been obtained satisfactorily
[120]. The decision to refer a patient for a detailed fetal echocardiogram should
be individualized and should take into account the ability to obtain adequate
views of the heart and the experience of the physician and sonographer
performing the screening examination.

Invasive testing for chromosome analysis should be recommended if any
associated abnormalities are identified on sonogram, including structural anoma-
lies, oligohydramnios, polyhydramnios, and IUGR. In the absence of associated
anomalies, invasive testing is not warranted, because there is no increased risk of
ancuploidy (see Table 7). Patients should be counseled, however, that even when
SUA is apparently isolated 7% of fetuses in one series had structural anomalies
diagnosed postnatally, which if diagnosed prenatally would have resulted in a
recommendation for invasive testing [116].

Serial growth scans are warranted, because SUA has been associated with
increased rates of IUGR. Antenatal testing is recommended in the setting of
IUGR or oligohydramnios. Doppler studies should also be used to assess the
status of an IUGR fetus. Despite there being only one umbilical artery, it has been
shown that longitudinal changes in Doppler flow indices in normal and small-
for-gestational-age fetuses with SUA have comparable, reference ranges to
fetuses with three-vessel cords [142]. A large prospective series of umbilical
artery Doppler velocimetry in pregnancies with a SUA found that abnormal
Doppler findings were associated significantly with IUGR, presence of complex
malformations, aneuploidy, preterm delivery, and perinatal mortality. Conversely,
normal umbilical artery Doppler indicates a relatively good prognosis, in par-
ticular a low-risk of fetal aneuploidy or perinatal mortality [132]. Unlike um-
bilical artery blood flow, the ductus venosus blood flow pattern seems to be
different in SUA fetuses when compared with that of fetuses with three-vessel
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cords [125]. Future studies are needed to evaluate individual Doppler parameters
in the fetus with SUA before they can be used routinely in these fetuses.

Choroid plexus cysts

The finding of choroid plexus cysts at the time of second-trimester ultrasound
is relatively common with an incidence of approximately 1% [143]. CPCs can
be single or multiple, unilateral or bilateral. Most CPCs are detected incidentally
at the time of routine second-trimester anatomy scan. More than 95% disappear
before 26 weeks [144]. The incidence or characteristics of CPCs does not vary
with fetal gender [145].

Pathophysiology

The choroid plexus develops from the medial wall of the lateral ventricle
beginning at approximately 6 weeks gestation. Followed quickly by rapid pro-
liferation of blood vessels and formation of villi in the second trimester, cysts
in the developing choroid plexus are believed to result from entrapment of
cerebrospinal fluid within tangled villi. As the amount of stroma in the choroid
plexus decreases with increasing gestational age, this fluid is released and the
cysts resolve [146].

Diagnosis

The choroid plexus is seen in the axial plane of the head and is located in
the lateral ventricle. The American Institute of Ultrasound in Medicine recom-
mends evaluation of the lateral ventricles. The choroid plexus is typically
homogeneous with an echogenicity similar to soft tissue. A CPC appears as a
well-circumscribed echolucent area within the choroid plexus (Fig. 6). They can
be singular or multiple, unilateral or bilateral.

Association with aneuploidy

The presence of a CPC has been associated with increased risk of aneuploidy,
primarily with trisomy 18 [146—150]. Earlier studies suggested an association
with trisomy 21; however, more rigorous evaluation has shown that the presence
of CPCs does not increase the risk of Down syndrome above the background
risk [146,151—-153]. Although a significant percentage have additional abnor-
malities, CPC may be the only sonographic marker in a fetus with trisomy 18
[144]. This observation was confirmed by a postmortem ultrasound study, in
which two out of five fetuses with CPCs had no other dysmorphic features or
anomalies at autopsy [154].

It is reasonably well established that the risk of trisomy 18 is increased in the
presence of an isolated CPC [144,150,152,155,156]. In a meta-analysis of more
than 2000 cases of isolated CPC in selected populations, the overall risk of
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Fig. 6. (4) Unilateral choroid plexus cyst. (B) Bilateral choroid plexus cyst.

trisomy 18 was found to be 1 in 128 [146]. This risk persisted in low-risk
populations in this meta-analysis, where the overall incidence of trisomy 18, as
calculated by evaluation of more than 3000 cases of isolated CPC, was 1 in
189 [146].

Modifying the risk of trisomy 18

There are numerous studies that have tried to identify and quantify modifiers
to individualize better a fetus’ risk of trisomy 18. One obvious modifier is the
presence or absence of other sonographic abnormalities. Similar to other soft
markers for aneuploidy, the finding of a CPC in the presence of an additional ab-
normality drastically increases the risk of a chromosomal abnormality [157,158].
The characteristics of the CPC, such as laterality, number, size, complexity, and
resolution, have also been examined [144]. These characteristics do not seem to
affect the risk of trisomy 18 [146].
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Maternal age and gestational age are both significant modifiers of the
background risk of trisomy 18. Similar to Down syndrome, the risk of trisomy
18 is increased with maternal age and is inversely proportional to gestational age
[159]. This effect has been calculated by Snijders et al [159] and is illustrated
in Table 8. A 20-year-old woman has a background risk of trisomy 18 at 16 weeks
of 1 in 3590; this risk drops to 1 in 18,013 at 40 weeks. Maternal age drastically
increases this risk. For example, a 40-year-old woman has a background risk of
trisomy 18 at 16 weeks of 1 in 227, almost 16 times the risk of a 20 year old at the
same gestational age. Because the risk of trisomy 18 is rare, representing only
30 of every 100,000 live births, maternal age is a much better predictor of trisomy
18 than the presence of an isolated CPC [160].

Several analyses have calculated the risk of trisomy 18 in the presence of
an isolated CPC using age as a modifier. For example, Gupta et al [155] analyzed
nine prospective studies of more than 200,000 second-trimester examinations

Table 8
Prevalence of trisomy 18 (1 per number in table) by maternal and gestational age

Gestational age

Mat age 10 12 14 16 18 20 25 30 35 40

20 1993 2484 3015 3590 4215 4897 6909 9516 13028 18013
21 1968 2453 2976 3544 4160 4834 6820 9394 12860 17782
22 1934 2411 2925 3483 4090 4751 6704 9234 12641 17479
23 1891 2357 2860 3405 3998 4645 6553 9027 12357 17086
24 1835 2287 2776 3305 3880 4508 6361 8761 11994 16584
25 1765 2200 2670 3179 3732 4336 6118 8427 11536 15951
26 1679 2092 1539 3023 3549 4124 5819 8014 10972 15170
27 1575 1963 2382 2836 3330 3868 5458 7518 10292 14231
28 1453 1811 2198 2617 3073 3570 5037 6938 9498 13133
29 1316 1641 1991 2371 2783 3234 4562 6284 8603 11895
30 1168 1456 1766 2103 2469 2869 4048 5575 7633 10554
31 1014 1263 1533 1825 2143 2490 3513 4839 6625 9160
32 860 1072 1301 1549 1819 2114 2982 4107 5623 7775
33 715 891 1081 1287 1511 1755 2477 3412 4670 6458
34 582 725 880 1047 1230 1429 2016 2777 3802 5256
35 465 580 703 837 983 1142 1612 2220 3039 4202
36 366 456 553 659 774 899 1268 1747 2392 3307
37 284 354 430 512 601 698 985 1357 1858 2569
38 218 272 330 393 462 537 757 1043 1428 1974
39 167 208 252 300 352 409 577 795 1088 1505
40 126 157 191 227 267 310 437 602 824 1139
41 95 118 144 171 201 233 329 453 620 858
42 71 89 108 128 151 175 247 340 465 644
43 53 66 81 96 113 131 185 254 348 481
44 40 50 60 72 84 98 138 190 260 359

Abbreviation: Mat age, maternal age (years).

From Snijders RJM, Sebire NJ, Faria M, Patel F, Nicolaides RH. Fetal mild hydronephrosis
and chromosomal defects: relation to maternal age and gestation. Fetal Diagn Ther 1995;10:349;
with permission.
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in an unselected population, and concluded that when the CPC is isolated, the a
priori risk of trisomy 18 (determined by maternal age) should be multiplied by a
likelihood ratio of 9. Based on the findings of this meta-analysis, the American
College of Obstetricians and Gynecologists recommends offering amniocentesis
in the presence of an isolated CPC only for women greater than or equal to
32, the age at which the risk of procedure-related loss after amniocentesis was
comparable with the risk of trisomy 18, or if the serum screening results are
abnormal [161].

In addition to maternal age, gestational age, and the presence of associated
anomalies, another important modifier that should be considered when calculat-
ing a patient’s risk for trisomy 18 is the result of a multiple marker screen. A large
meta-analysis that included 13 prospective studies of 246,545 second-trimester
fetuses identified 1346 fetuses with isolated CPCs, 7 of which had trisomy 18
(1 in 192). In this series, the likelihood of trisomy 18 was 13.8 times greater than
the a priori age-related risk in fetuses with isolated CPC diagnosed in the second
trimester, and the authors concluded that invasive testing should only be offered
to women over the age of 36 or when the risk for trisomy 18 detected by a
maternal serum multiple marker screen is more than 1 in 3000 [152]. Similarly,
Gratton et al [148] calculated the risk of trisomy 18 in the presence of an isolated
CPC taking into account maternal age, the absence of any associated abnormali-
ties, and the results of the multiple marker screen, as illustrated in Table 9.
This allows the physician to individualize each patient’s risk for more precise
counseling. Using these data, the risk of trisomy 18 in a patient with an iso-
lated CPC and a normal multiple marker screen does not exceed the traditionally
quoted risk of an amniocentesis until greater than 37 years of age [148].

Management

The initial management of a pregnancy in which a CPC has been detected is
identical to the other soft markers discussed previously: the detection of a CPC
during an examination should be followed by a detailed anatomic survey looking
for any additional abnormalities. A fetal echocardiogram can be considered,
depending on the quality of the anatomic survey. An amniocentesis should be
recommended if any additional abnormalities are detected, and for all women
over the age of 35 (for whom an amniocentesis is recommended anyway because
of the age-related risk of aneuploidy). If the CPC seems to be isolated, and the
patient is under the age of 35, the patient’s risk of having an affected fetus should
be modified with all the available information, specifically maternal age, the
presence or absence of other sonographic abnormalities, and the results of the
multiple marker screen. In the authors’ institution, the estimates calculated by
Gratton et al [148] are used to quantify more precisely an individual patient’s
risk and amniocentesis is recommended when the modified risk exceeds the
procedure-related loss rate of amniocentesis.

In addition to counseling regarding the risk of aneuploidy, patients should
be clearly counseled that it is not the presence of a CPC that puts the fetus at risk,
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Table 9
Risk modification based on ultrasonographic findings and multiple-marker screening

Age-related risk of trisomy 18
Modified risk

Unmodified Isolated CPC and
Maternal age age-related risk CpC? Isolated CPC® normal MMS®
20 1/4576 1/153 1/725 1/1804
21 1/4514 1/151 1/715 1/1779
22 1/4435 1/148 1/703 1/1749
23 1/4333 1/145 1/687 1/1708
24 1/4204 1/141 1/666 1/1658
25 1/4045 1/135 1/641 1/1595
26 1/3850 1/129 1/610 1/1518
27 1/3619 1/121 1/573 1/1427
28 1/3351 1/113 1/531 1/1362
29 1/3053 1/102 1/483 1/1203
30 1/2724 1/92 1/432 1/1074
31 1/2385 1/80 1/378 1/940
32 1/2046 1/69 1/324 1/806
33 1/1721 1/58 1/273 1/679
34 1/1420 1/48 1/225 1/560
35 1/1152 1/39 1/183 1/454
36 1/921 1/32 1/146 1/363
37 1/727 1/25 1/115 1/287
38 1/567 1/20 1/92 1/223
39 1/439 1/16 1/70 1/173
40 1/338 1/12 1/54 1/133
41 1/258 1/10 1/42 1/102
42 1/197 1/8 1/32 1/78
43 1/149 1/6 1/24 1/59
44 1/113 1/5 1/18 1/45
45 1/85 1/4 1/14 1/34

Abbreviations: CPC, choroid plexus cyst; MMS, multiple marker screen.

? Age-related risk of trisomy 18 in fetuses with CPC, with or without other anomalies.

° Age-related risk of trisomy 18 in fetuses with isolated CPC.

¢ Age-related risk of trisomy 18 in fetuses with isolated CPC and normal MMS.
From Gratton RJ, Hogge WA, Aston CE. Choroid plexus cysts and trisomy 18: risk modifica-
tion based on maternal age and multiple-marker screening. Am J Obstet Gynecol 1996;175:1493 -7,
with permission.

but its association with aneuploidy. Patients often become very anxious when told
that their fetus has a “cyst in the brain.” Patients should be told that most CPCs
resolve by 26 to 28 weeks, and that in a karyotypically normal fetus, the presence
of isolated second-trimester CPCs is not associated with any long-term effects,
such as mental retardation, cerebral palsy, or delayed development [162].
Follow-up ultrasounds are not generally needed, because most CPCs resolve.
A follow-up ultrasound for growth may be considered in the high-risk patient
who declines invasive testing, because trisomy 18 is often associated with [UGR.
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For a karyotypically normal fetus, CPCs are not associated with adverse preg-
nancy outcomes; ultrasounds for growth and antenatal testing are not necessary.

Summary

This article has reviewed a few of the more controversial findings in the field
of obstetric ultrasound. For each one evidence-based strategies for the manage-
ment of affected pregnancies have been suggested, derived from what the authors
believe is the best information available. In some cases, this information is very
limited, which can make counseling these patients extremely difficult. Some
physicians find using specific likelihood ratios helpful in these complex dis-
cussions. An example of the relative likelihood ratios for several markers of
trisomy 21 is illustrated in Table 10 [163,164].

Although the management of each of the findings discussed in this article is
different, a few generalizations can be made. To begin with, the detection of
any abnormal finding on ultrasound should prompt an immediate detailed
ultrasound evaluation of the fetus by someone experienced in the diagnosis of
fetal anomalies. If there is more than one abnormal finding on ultrasound, if the
patient is over the age of 35, or if the multiple marker screen is abnormal, an
amniocentesis to rule out aneuploidy should be recommended. Of the six
ultrasound findings reviewed here, the authors believe that only echogenic bowel
as an isolated finding confers a high enough risk of aneuploidy to recommend
an amniocentesis in a low-risk patient. The other findings in isolation in a low-
risk patient seem to confer only a modest increased risk of aneuploidy, if any, and
this risk is certainly less than the risk of unintended loss from amniocentesis.
Wherever possible, modifiers of this risk, such as maternal age, history, and first
and second multiple marker screening, should be used to define more clearly the
true risk of aneuploidy.

Table 10
Ultrasound criteria and likelihood ratios® assigned for the detection of trisomy 21
Finding Criteria Likelihood ratio
Structural defect Cardiac defect, cystic hygroma, cerebral 25
ventricular dilation
Nuchal thickening >5 mm in the anteroposterior plane 18.6
Echogenic bowel Subjectively increased, grades 2 or 3 5.5
Short humerus Observed or predicted ration < 0.89 2.5
Short femur Observed or predicted ratio < 0.91 2.2
Echogenic intracardiac focus Present 2
Renal pyelectasis > 3 mm in the anteroposterior plane 1.6
Normal ultrasound None of the above abnormalities 0.4

? Likelihood ratio = sensitivity or false-positive rate for each as an isolated finding.
Data from references [163,164].
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As obstetric ultrasound moves forward, particularly into the uncharted waters
of clinical use of three- and four-dimensional ultrasound, one can expect a whole
new crop of ultrasound findings with uncertain clinical significance. Clinicians
are well advised to await well-designed studies to determine the clinical
significance of these findings before altering clinical care.
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Physicians have been performing prenatal diagnostic procedures and therapies
since the 1960s, but these early procedures were limited in their availability, ac-
ceptance, scope, and safety. Therapies, such as fetal intraperitoneal transfusion,
were quite risky and were reserved for the most severe cases. The advent of real-
time ultrasonography brought increasingly clearer visualization of the intrauterine
space, and has vastly broadened the possibilities for fetal diagnosis and treatment.
Being able to evaluate the fetus, cord, placenta, and vasculature in detail has
allowed operators confidently to enter the amniotic cavity, chorion frondosum,
and fetal circulation for diagnostic testing and fetal treatment. The ever-expand-
ing availability of DNA molecular testing has steadily increased the number of
diagnoses that can be made prenatally. This article reviews the currently available
ultrasound-guided procedures for fetal diagnosis and therapy.

Diagnostic procedures
Genetic amniocentesis

History

Amniocentesis as a technique for prenatal diagnosis was first described in the
1950s as a means of sex determination by the identification of Barr bodies in
noncultured amniocytes [1]. Since then, the development of tissue culturing tech-
niques, two-dimensional ultrasonography, and modern molecular genetic testing
have greatly expanded the indications and vastly improved the safety and reli-
ability of this procedure. In the United States, there were nearly 100,000 amnio-
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centeses performed in the year 2000 (Centers for Disease Control and Preven-
tion, unpublished data); this represents 2.4% of all births. Indications for offer-
ing amniocentesis include advanced maternal age; abnormal serum screening;
family history of genetic disorders; fetal anomalies diagnosed on ultrasound;
suspected fetal infections; and known carrier status in the parents of a burgeon-
ing number of mendelian disorders including cystic fibrosis, Tay-Sachs disease,
sickle cell anemia, and fragile X.

Technique

Amniocentesis is usually performed between 15 and 18 weeks gestation. Early
amniocentesis (between 11 and 14 weeks), although technically feasible, is as-
sociated with an increased risk of miscarriage and fetal deformations (clubfoot)
and is avoided except in cases where a fetal abnormality, such as a cystic hy-
groma, is diagnosed early and the benefit of early diagnosis outweighs the small
added risk (see later) [2]. The technique used to perform amniocentesis has not
changed dramatically over the years except for the addition of real-time ultra-
sonography. The pregnancy is evaluated with ultrasound to rule out any gross
anomalies and to identify a good-sized pocket of amniotic fluid to access. At the
same time, an assessment is made of the amniotic membrane to ensure that it has
fused to the chorion; this is especially relevant for amniocentesis performed at
14 to 15 weeks when membrane fusion may be incomplete. Nonfusion of the
membranes can make the procedure more difficult and may warrant postpone-
ment for a week or two.

The skin is then prepared with a surgical cleansing agent (eg, povidone-iodine,
chlorhexidine, isopropyl alcohol). Sterile sonography gel is placed on the field
and the ultrasound probe is covered with a sterile sleeve or sterile surgical glove.
Under continuous ultrasound guidance, a 22-gauge spinal needle is inserted into a
pocket of amniotic fluid (Fig. 1). Preferred pockets are located away from the
fetal face or cord and do not require passage of the needle through the placenta;
however, none of these is absolutely necessary to obtain amniotic fluid safely.
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Fig. 1. Ultrasound image of amniocentesis at 16 weeks of gestation.
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At least 15 to 20 mL of fluid is required for adequate culturing of amniocytes;
more fluid may be necessary if additional tests are being performed, such as in
situ hybridization. For early amniocentesis, 1 mL per week of gestation is with-
drawn. Some advocate discarding the first 1 to 2 mL of fluid to avoid maternal
cell contamination.

Safety and complications

The risk of fetal loss following midtrimester amniocentesis is generally quoted
as 1 in 200 to 1 in 300. There is only one randomized trial in the literature,
however, addressing this issue [3]. This study involved 4606 low-risk women in
Denmark and reported a loss rate of 1.7% in those who had amniocentesis and
0.7% loss rate in the control group. Several retrospective studies have found lower
loss rates [4,5]. Complication rates are increased when a larger-gauge needle is
used or when more than one attempt to access the fluid is required.

Leakage of amniotic fluid following midtrimester amniocentesis occurs in 1%
of patients; it is usually a small amount only and is not associated with the adverse
outcomes typified by midtrimester spontaneous rupture of membranes. Over 90%
of women experiencing fluid leakage after amniocentesis have a normal outcome
[6]. Similarly, a small amount of vaginal bleeding has been reported in 2% to 3%
of patients following genetic amniocentesis and is usually benign.

Isoimmunization following genetic amniocentesis is well described in the
literature, corresponding to a small, but real risk of maternal-fetal hemorrhage
with the procedure. Rh-immunoglobulin (Rhogam) should be administered to
Rh-negative women after the procedure.

Despite early reports of high transmission rates in patients with HIV, the risk
of transmission in patients taking multidrug antiviral regimens is probably lower.
Nevertheless, the technique is probably best avoided in patients known to have
HIV, hepatitis C, or active hepatitis B.

Special circumstances

Multiple gestations. Amniocentesis can be performed safely on multiple ges-
tational sacs, the only caveat being that care must be taken adequately to map the
pregnancy by ultrasound so it is absolutely clear which fetus’ sac is sampled. A
small amount (3 to 5 mL) of indigo carmine is injected into all but the final sac
after they have been sampled to avoid inadvertently sampling the same sac more
than once. Separate needles are used for each sac. There are data supporting the
notion that these procedures are as safe as a singleton amniocentesis [7], but other
data show slightly higher loss rates with twins [8].

Amniocentesis in the presence of bleeding. The risk of fetal loss following an
amniocentesis is probably increased a small amount in women who have had
antecedent bleeding during the pregnancy. One study found an excess loss rate of
0.6% in patients who experienced bleeding before their amniocentesis [9].
Patients who have had bleeding can still have an amniocentesis, but should be
counseled about this increased risk.
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Early amniocentesis. Amniocentesis has been described and can be performed
successfully before 15 weeks gestation, but in recent years this technique has
fallen out of favor because it seems to have higher risks than both midtrimester
amniocentesis and chorionic villus sampling (CVS). The CEMAT trial [2] dem-
onstrated an increased risk of fetal loss and fetal clubfoot especially when the
amniocentesis was performed at less than 13 weeks gestation compared with mid-
trimester amniocentesis. Others have compared CVS with early amniocentesis
and found similar increases in fetal loss rates or clubfoot with early amniocente-
sis [10,11]. Technically, an early procedure does not differ from a midtrimes-
ter procedure, although less fluid is usually removed (1 mL of fluid per week
of gestation).

Chorionic villus sampling

History

Like amniocentesis, the technique of CV'S was first developed in the late 1960s
before the advent of real-time ultrasonography. Initially, these were transcervical
procedures, and as ultrasound became more readily available, transabdominal
approaches were developed in the 1980s. The major advantage of CVS is that a
karyotype of the fetus can be obtained much earlier in the pregnancy than with
amniocentesis; this allows for safer pregnancy termination procedures and af-
fords the patient a greater deal of privacy than a midtrimester procedure. In the
early 1990s, CVS fell out of favor in the United States because of reports of
increased risks of transverse limb reduction defects associated with the procedure
[12]; this trend has been changing in recent years as more data have become
available about the safety of the procedure [13].

Technique

Transcervical CVS is accomplished by passing a polyethylene catheter
through the cervix into the placental bed under continuous ultrasound guidance.
Sterile technique is used and the cervix is initially prepared and may be stabilized
with a tenaculum. Trophoblastic tissue (5 to 30 mg) is then aspirated into a
syringe containing culture media. If inadequate tissue is obtained, a new catheter
is used to obtain a second sample.

The transabdominal approach is similar to an amniocentesis, but a larger-gauge
needle is used (18 to 20 gauge); local anesthetic may be administered in the skin
and subcutaneous tissues; and the needle is directed into the placental bed instead
of into the amniotic fluid. A syringe containing culture media is attached and
tissue is aspirated during several passes of the needle through the placental tissue
(Fig. 2).

The choice of approach is usually physician preference, although some
placentas are only accessible by one approach or the other. There does not seem
to be any advantage of one technique over the other in terms of safety or the
ability to obtain a meaningful result [14], although in some circumstances (eg,
active cervicitis, cervical myomas, and cervical stenosis) transcervical CVS is
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Fig. 2. Ultrasound image of transabdominal chorionic villus sampling.

contraindicated. Transabdominal CVS may not be possible with extreme retro-
version of the uterus because bowel loops may be present between the maternal
abdominal wall and the anterior wall of the uterus.

Safety and complications

Loss rates from CVS are greater than that for amniocentesis, and there is a
large body of both prospective and retrospective data, which supports the com-
mon quotation of a 1% risk of miscarriage caused by the procedure [15,16]. Of
greater concern, however, are the reports of limb-reduction defects caused by
CVS, which came out in the early 1990s. Subsequently, there have been numer-
ous reviews of tens of thousands of procedures and the association between these
defects and CVS seems to be confined to those procedures performed before
10 weeks gestation or performed by inexperienced operators [16].

One disadvantage of CVS compared with amniocentesis is the approxi-
mately 1% risk of placental mosaicism. The finding of mosaicism on a CVS
result can be clarified with an amniocentesis and if normal, is not associated with
fetal abnormalities.

Chorionic villus sampling is also limited compared with amniocentesis in its
ability to assess amniotic fluid alpha-fetoprotein. Although perfectly suited to
diagnosis fetal karyotypic abnormalities and fetal conditions ranging from cystic
fibrosis to hemophilia, CVS does not allow for assessment of the amniotic fluid
alpha-fetoprotein and acetylcholinesterase, which are readily assessed with
amniocentesis and yield much information about the status of the neural tube
and ventral wall.

Special circumstances

Multiple gestations. Chorionic villus sampling has been reported in twin, trip-
let, and quadruplet pregnancies. Technically, these are much more complicated
procedures and operator and sonographer experience are crucial to maintain
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adequate safety standards. Insertion of the needle well away from the area of
membrane or placental fusion is important to avoid contamination of the sample
with a co-twin’s tissue. Twin CVS seems to be comparable in safety with twin
amniocentesis [17].

Chorionic villus sampling later in gestation: placental biopsy. Chorionic villus
sampling performed after 12 weeks gestation is also referred to as “placental
biopsy.” Although this technique can safely obtain a karyotype in the presence of
severe oligohydramnios, it is associated with higher rates of placental mosaicism
than CVS and results may be more difficult to interpret. Loss rates associated with
late CVS are also higher: 10% when fetal anomalies are noted and 2% in low-risk
groups [18]. Sampling failure also occurs more frequently with late CVS.

Isoimmunization. As with amniocentesis, CVS can result in maternal-fetal
hemorrhage and isoimmunization. Rhogam is indicated for Rh-negative women.
Moreover, CVS should probably be avoided in patients who are already isoim-
munized because amniocentesis is less likely to cause a further elevation in their
antibody titer.

Cordocentesis

Cordocentesis, or percutaneous umbilical blood sampling (PUBS) allowing
direct access to fetal circulation, was first described in 1983 by Daffos et al [19],
who pioneered the procedure for use in evaluation of perinatal toxoplasmosis
infection. The technique was quickly adopted and used for diagnosis of many
other conditions. Notably this led to a revolutionary change in the approach to the
diagnosis and management of isoimmunization. Other common indications for
the procedure included rapid karyotype evaluation when fetal abnormalities were
detected; evaluation of fetal growth restriction; evaluation of fetal platelet
abnormalities (eg, maternal immune thrombocytopenic purpura, fetal alloimmune
thrombocytopenia, TAR sequence); evaluation of fetal hydrops; evaluation of
potential fetal infections; and evaluation of fetal hemoglobin in patients at genetic
risk for hemoglobinopathies. Over time, the use of PUBS for evaluation of many
of these indications has diminished. Other techniques were developed, which
allow rapid karyotyping, and polymerase chain reaction testing from amniotic
fluid is often superior for evaluation of fetal infection. Fetal growth restriction
and immune thrombocytopenic purpura can be managed using noninvasive
testing. The development of direct DNA testing for many genetic and infectious
conditions (sickle cell disease, thalassemia, hemophilia, cytomegalovirus, and
toxoplasmosis) has made PUBS unnecessary, because results can be obtained
with simple amniocentesis or CVS. Still, the procedure serves a critical role in the
evaluation of some fetal conditions, and by allowing access for potential fetal
transfusion, it can be a lifesaving technique.
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Technique

Cordocentesis has been described as early as 12 weeks of gestation [20], but
is generally performed after 18 weeks gestation. The procedure is performed un-
der continuous direct ultrasound guidance. Many centers use antibiotic prophy-
laxis. Color flow Doppler imaging is an important tool in evaluating the cord and
placenta. The placental cord insertion is the ideal site for needle insertion, be-
cause it is fixed in place, unlike a free loop of cord. Depending on gestational age
and placental position, access to the cord insertion may not be possible. After
locating the placental cord insertion or other site of accessible cord, a 22-gauge
spinal needle is advanced through the maternal abdomen under local anesthesia,
using a free-hand technique or needle guide. The umbilical vein is targeted to
decrease the risk of vasospasm. When the needle tip is thought to be within the
umbilical vein the stylet is removed and a heparin-coated syringe is used to
aspirate through the spinal needle (Figs. 3 and 4). If blood returns, a small amount
is sent for a complete blood count to confirm its fetal source, using the higher
mean corpuscular volume of fetal blood to distinguish it from maternal blood. If
no blood returns, the stylet is replaced, small adjustments are made in position,
and the process is repeated. After blood is obtained for the desired laboratory
tests, the needle is withdrawn. The area of needle entry into the cord is inspected

Fig. 3. Diagram of cordocentesis procedure.



108 S.J. Ralston, S.D. Craigo / Obstet Gynecol Clin N Am 31 (2004) 101-123

y3zg & 21
DEPTH= 120
PDC

GAIN=
oCINE

Fig. 4. Ultrasound image of cordocentesis with the needle tip located in a free loop of cord.

carefully using ultrasound to rule out bleeding or clot formation. The fetal heart
rate should be assessed throughout the procedure and afterward.

Safety and complications

The risk of fetal loss associated with this procedure is 1.2% to 4.9% [21].
When hydropic and extremely growth restricted fetuses are excluded, the pro-
cedure-related loss is less than 2%. Risks include fetal loss, bleeding, cord hema-
toma, chorioamnionitis, preterm labor, and a risk of not being able to obtain fetal
blood. Approximately 3% to 12% are complicated by transient bradycardia. In
some cases bradycardia is severe and may require cesarean delivery, depending
on gestational age and fetal condition.

Fetal biopsy

Some disorders require organ-specific diagnosis when diagnostic testing can-
not be performed on chorionic villi, amniocytes, or fetal blood. Fetal biopsies
have been performed since the 1980s, and were originally fetoscopically guided.
Ultrasound-guided fetal muscle biopsy, skin biopsy, liver biopsy, and kidney
biopsy have been reported and are performed in a few centers.

In 1991, Evans et al [22] reported the first solely sonographically guided mus-
cle biopsy for diagnosis of Duchenne muscular dystrophy in a family that could
not be diagnosed by fetal DNA studies alone. (Diagnosis requires evaluation of
the actual muscle dystrophin protein in those families in whom DNA mutation
and linkage studies are not useful.) By 1999, 17 cases had been reported from five
centers, all between 18 and 25 weeks of gestation. Attempts to obtain samples
were not successful in two patients (12%) and two patients had spontaneous
abortions within 1 week after rupture of membranes (12%) [23]. Biopsies were
obtained using different devices, including 2x2 mm biopsy forceps through a
2.2-mm trocar, a 14-gague Klear-Cut forceps gun, a 14-gauge True-Cut biopsy
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needle, and an 18-gauge core biopsy system. Under local anesthesia, the sampling
device is introduced with ultrasound guidance and a sample is taken from the
upper outer area of the gluteal muscle. Some operators gave maternal midazolam
or fetal pancuronium to reduce fetal movements. Fetoscopy was used for targeting
the biopsy in a few cases, but this procedure carries its own risk, and may not be
necessary at later gestational ages. Potential complications include fetal nerve or
vascular injury, uteroplacental bleeding, and pregnancy loss. No surviving infant
had evidence of nerve injury at birth, but small scars at the biopsy site were noted
at birth.

Fetal kidney biopsy has been reported for the diagnosis of Finnish nephrosis
[24], and for evaluation of renal function in cases of obstructive uropathy [25]. The
latter is associated with a poor rate of adequate sampling (50%) because of
thinning of the abnormal renal parenchyma, and is not widely accepted as an
indication for this invasive procedure. Similar to muscle biopsy, ultrasound-guided
fetal kidney biopsies are performed under direct ultrasound guidance using two to
three passes of a 19-gauge spinal needle under negative pressure, or an 18-gauge
Biopsy-cut spring-loaded needle gun. Care must be taken to visualize the renal
blood supply to avoid vascular injury during biopsy. Despite ultrasound guidance,
samples of adipose tissue, pancreatic tissue, and liver have been obtained
inadvertently during attempts at kidney biopsy. Wapner et al [24] recommend
having a pathologist available to evaluate immediately the sample for renal tissue.

Fetal skin biopsies may be performed for karyotype analysis in cases of
mosaicism found on amniocentesis or CVS particularly when discrepant results
are obtained from blood and amniocytes [26]. There have been isolated reports of
fetal liver biopsy to diagnose conditions, such as ornithine transcarbamoylase
deficiency, but this procedure is rarely needed and is not widely available [27].

Therapeutic procedures

Fetal transfusion

After direct access to the fetal circulation was accomplished through PUBS,
fetal transfusion became possible. Although access through the fetal heart had
been performed, cardiocentesis carried a higher risk of loss than cordocentesis
[28]. Transfusion of blood, platelets, and medications directly to the fetus greatly
expanded the options for fetal treatment. Transfusion of packed red blood cells
became the standard treatment for fetal anemia caused by isoimmunization. After
its introduction, the fetal mortality and morbidity associated with isoimmuniza-
tion fell drastically, and survival improved to over 96% for nonhydropic fetuses
and 86% for hydropic fetuses [29]. Treatment of other forms of anemia, such as
that caused by parvovirus infection or anemia following a monochorionic twin
demise, has also been attempted, but with varying degrees of success and
controversy [30,31]. Transfusion after fetal maternal hemorrhage has been
reported but is rarely an option.
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Fetal platelet transfusions have played a critical role in the treatment of allo-
immune thrombocytopenia. Diagnosis is often made after a history is obtained of
a previous child with neonatal alloimmune thrombocytopenia. Randomized trials
have shown that treatment with immune globulin is effective in most cases [32],
with fetal platelet transfusion reserved for those who do not respond to medical
therapy or have evidence of bleeding at PUBS. Complication rates of transfusion
are higher for this indication, largely because of potential cord bleeding associated
with marked thrombocytopenia [33].

Fetal transfusion of medications has been reported for a limited number of
conditions. Transfusion of antiarrhythmic medications can be performed if treat-
ment by maternal medical therapy fails. Curare-like agents can be infused into the
umbilical vein to limit fetal movement to facilitate other procedures, such as a
fetal blood transfusion. The authors reported a case of fetal Smith-Lemli-Opitz
syndrome in which fetal transfusion of cholesterol-rich plasma was performed
to improve the outcome associated with this disorder of cholesterol metabo-
lism [34].

Technique

The team performing the procedure should be experienced, and care must be
taken to make a plan for the possibility of delivery. If the procedure is performed
after viability and intervention is planned should nonreassuring testing occur,
access to an operating suite should be available. Plans for intervention should be
clear to the patient and team in the event that prolonged fetal bradycardia or other
complications occur. Cordocentesis is performed as described previously, most
commonly in the placental cord insertion. Access near the fetal cord insertion can
be attempted, and transfusion into the hepatic vein has been performed, but both
carry increased fetal risk. Ideally, free loops of cord should be avoided for
transfusion, because pushing the blood into the cord vessel can easily dislodge
the needle from the intravascular position. Continuous ultrasound guidance is re-
quired, with constant evaluation of the intravascular flow. Cessation of flow may
signal needle dislodgement or clot formation. If this occurs transfusion should
be stopped temporarily, needle location should be reconfirmed, blood return
confirmed with a syringe, and clot ruled out by careful inspection of the site and
cord vessels. Color flow Doppler imaging is particularly useful while gaining
access to the circulation and following the procedure. A 20- or 22-gauge spinal
needle is used, reserving the smaller gauge for earlier gestations because infusing
concentrated packed cells through a small-gauge needle can be difficult. Exten-
sion tubing is connected to a three-way stopcock, which in turn is connected to
the unit of packed cells. A 30-mL syringe is filled from the stopcock and then
used to push the blood into the fetal circulation. Formulas are used to calculate the
amount of blood needed to raise the fetal hematocrit from the starting anemic
level to the desired higher level. The formulas take into account the fetal weight,
starting hematocrit, desired hematocrit, hematocrit of the blood unit, and a
correction factor for the volume of blood contained in the placenta. The fetal
heart rate should be observed intermittently during the transfusion.
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For blood cells, the blood bank can prepare packed cells with a high hemato-
crit (80% to 90%) to limit the volume of the transfusion. Packed cells for trans-
fusion should be type O negative (or the maternal blood type); irradiated; and
cytomegalovirus negative. Similarly, platelets for fetal transfusion should be in a
high-concentration, low-volume preparation. When transfusing platelets or
packed cells, a posttransfusion blood count can be obtained 1 to 2 minutes after
completing the transfusion to confirm the adequacy of the volume transfused.

Safety and complications

Complications of fetal transfusion include being unable to perform the pro-
cedure, fetal hemorrhage, fetal bradycardia, cord hematoma, arterial vasospasm,
and fetal death. Other risks include ruptured membranes, bleeding, and preterm
labor. The risk of fetal death related to the disease being treated is 8% to 16%, so
procedure-related death is difficult to determine [29]. Fetal death is more likely
with pre-existing hydrops or at very early gestational ages. Iron overload is a
potential complication in cases requiring multiple, serial transfusions.

Amnioreduction

History

As an obstetric procedure, amnioreduction has been in existence much longer
than genetic amniocentesis or amniocentesis for the assessment of erythroblasto-
sis. Reports date back to the late nineteenth century of transabdominal amnio-
centesis for the treatment of massive polyhydramnios. Aside from the introduction
of real-time sonography, the technique has changed little over the years.

The indications for amnioreduction include massive polyhydramnios causing
maternal symptoms or preterm labor and the treatment of the twin-to-twin
transfusion syndrome (TTTS). Success rates of serial amnioreduction for TTTS
have been reported as high as 70% to 80% [35], although some case series have
shown much poorer outcomes.

Technique

Using an 18- or 20-gauge needle (a larger needle bore is necessary to remove
large volumes of fluid quickly) an amnioreduction is performed with the same
technique as amniocentesis (described previously). The needle should be inserted
toward the mother’s head, so that as the fluid is removed and the uterus becomes
smaller, the needle assumes a more upright position and does not become dis-
lodged. Tubing is attached to the needle after removal of the stylet and either con-
nected to a wall suction device, a vacuum bottle, or to a three-way stopcock and
50-mL syringe for manual removal of the fluid.

The volume of fluid that can be removed safely in one sitting is not clear, but
several hundred milliliters to several liters have been reported in the literature
[36]. Similarly, the frequency of sampling and the rapidity of withdrawal of fluid
vary from study to study and there is little agreement about what these parameters
should be ideally. The authors typically remove enough fluid to bring the
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amniotic fluid index back to a normal range, usually no more than 2 to 3 L at a
time at 15 to 20 min/L.

Safety and complications

Complication rates range from 1% to 5% in the literature. The most common
complications are preterm contractions, labor, and rupture of the membranes.
Abruptio placenta has also been reported following massive amnioreduction.
Serial procedures are associated with higher complication rates.

Septostomy

Inadvertent disruption of the intersac membrane in twin pregnancies has been
reported for many years in the amniocentesis literature, but septostomy or
intentional amniotomy as a treatment for the twin-to-twin transfusion syndrome
was first introduced in 1995 [37]. Various techniques have been described, but
most involve the use of 20- or 22-gauge needle passes through the sac of the
“stuck” twin into the twin with polyhydramnios to create a window in the
membrane between the sacs. This technique is often combined with amnioreduc-
tion. Complications are similar to amniocentesis and amnioreduction, although
there have also been reports of cord entanglement following this procedure
because the septostomy may create an iatrogenic monoamniotic pregnancy [38].

Multifetal reduction

History

Multifetal pregnancy reduction (MFR) has become an accepted procedure,
which can be performed safely with technical success. It offers an option to the
large number of patients with infertility who, through assisted reproductive tech-
niques, conceive a high-order multiple gestation. Before 1986, patients faced with
this dilemma could only elect to continue or abort the entire pregnancy, both op-
tions resulting in no children in many cases. MFR offers these patients a high
chance of achieving their desired outcome, to carry a pregnancy and take home a
healthy newborn.

The first United States experience with MFR was reported in 1988. Berkowitz
et al [39] reported a series of 12 cases using transcervical aspiration or transab-
dominal potassium chloride (KCI) injection, and Evans et al [40] reported four
cases using fetal cardiac disruption or transabdominal KCI injection [40]. Loss
rates were initially high, between 33% and 50%. Both groups moved to KCl injec-
tion into the fetal heart or thorax, with technical success and improved outcomes.

Variations on the techniques continued, with case reports or small series de-
tailing different methods. Over time, two principle methods have become the
most widely used: transabdominal or transvaginal intrathoracic KCl injection,
with the transvaginal approach being performed in only a few centers.

The first-trimester procedures performed solely to reduce the number of
embryos in a higher-order multiple pregnancy were initially described as another
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form of selective termination. To avoid any suggestion that parents actually made
choice regarding which presumably normal embryos were reduced, a plea was
made to rename the procedure “multifetal pregnancy reduction” [41].

Technique

Patients identified with triplets or a higher-order multiple gestation should be
referred to a center with experience in the technique of MFR. The patient should
be counseled regarding the options of pregnancy management, including con-
tinuing the pregnancy versus undergoing MFR. The risks of each option should be
detailed, and the patient should be given time to consider her options before
scheduling the procedure. Transvaginal procedures are usually performed at 9 to
10 weeks, and transabdominal procedures are usually performed at 10 to 12 weeks.
On the day of the procedure, care is taken to map sonographically the embryos and
their placental positions within the uterus to eliminate any confusion regarding
which fetus underwent reduction. At the same time viability of the embryos is
confirmed; chorionicity is assessed; and screening for abnormalities is performed
(eg, discordant size, anencephaly, increased nuchal translucency). If a particular
embryo seems smaller than the others, it should be selected for reduction. In cases
in which more than two embryos are being reduced, the procedure may be
performed in more than one session.

Prophylactic antibiotics are given for a transabdominal procedure in most
cases, although this varies among practitioners. Anesthesia may include a mild
sedative or a local anesthetic. The patient’s abdomen is prepared with antiseptic
solution. Under continuous ultrasound guidance a needle is introduced into the
thorax of an easily accessible embryo and a small amount of KCl is injected (1 to
2 mEq). The fetus overlying the cervix is usually avoided. The needle is kept in
position until fetal cardiac asystole occurs and persists for 2 to 3 minutes. Using a
separate needle the procedure is repeated for each embryo to be reduced. Ap-
proximately 1 hour later the fetal heart rates are checked to confirm embryonic
demise of the reduced embryos, and viability of the nonreduced embryos. Re-
sumption of fetal heat motion may occur in up to 5% of cases [42], and patients
are advised that if fetal heart motion resumes, repeating the procedure is nec-
essary because outcomes for these embryos are likely to be poor.

The transvaginal approach is similar in most respects. The vagina is prepared
with antiseptic solution. Using a transvaginal ultrasound probe with a needle
guide the needle is inserted into the sac and thorax of an embryo and KCI is
injected. Again, care is taken to ensure complete asystole before removing the
needle. Some groups use an automated puncture device. With this approach
the fetus overlying the cervix is frequently reduced given the close access to the
vaginal ultrasound probe.

Safety and complications

The procedure is complicated by loss of the entire pregnancy in 5% to 6% of
cases [42,43]. This number varies by starting number and ending number of em-
bryos, with high-order multiples carrying a higher risk of loss. Pregnancy losses
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include those lost soon after the procedure because of infection, bleeding, or
rupture of membranes, and those lost because of delivery at extremely premature
gestational ages. These risks are concerning, but they are lower than the reported
fetal loss rate described in twin gestations following assisted reproduction. No
anatomic injury to a surviving co-sibling clearly attributable to an MFR pro-
cedure has been documented. Similarly, no case of maternal disseminated intra-
vascular coagulation has been reported in a patient undergoing first-trimester
MEFR. Death of a monochorionic co-twin has been reported after intentional and
unintentional reduction of a monochorionic fetus.

Benefits of MFR have been clearly demonstrated for pregnancies with four or
more fetuses [44]. The mean gestational age of delivery of pregnancies originally
carrying four or more fetuses but reduced to twins is significantly higher that the
mean gestational ages of delivery of the nonreduced higher-order multiple preg-
nancies. The average birthweights are higher than those of infants in the same
order multiple pregnancy not undergoing MFR. Maternal and neonatal hospital
stays are shorter for reduced pregnancies than for nonreduced pregnancies, and the
risk of extremely premature delivery (< 28 weeks) is reduced. Parents are more
likely to take home at least one healthy baby after MFR than after carrying a
higher-order multiple pregnancy.

Benefits of MFR have also been shown for triplet pregnancies including a
higher mean gestational age of delivery compared with nonreduced triplets, larger
birthweights, and shorter neonatal and maternal admissions [45]. No reduction in
mortality or long-term morbidity has been demonstrated, so the issue is still con-
troversial. Nevertheless, MFR for triplets is widely requested and performed.

Special considerations

Many patients considering MFR are at increased risk for aneuploidy because
of maternal age. Serum screening has limited sensitivity when used in multiple
gestations. Patients may choose to undergo CVS before MFR, or to undergo
amniocentesis after MFR. Both options seem to be safe without carrying addi-
tional risk of pregnancy loss [12,46].

Selective termination

History

Before MFR was developed, scattered cases of selective termination were
reported, in which an anomalous fetus in a twin gestation was terminated to allow
continuation of the pregnancy and delivery of the normal co-twin. From 1978 to
1984, case reports described techniques in which an anomalous fetus of a twin
gestation was selectively terminated using ultrasound guidance, the demised fetus
was left in situ, and the co-twin was left undisturbed [47—49]. The earliest reports
of selective termination described a variety of techniques, including cardiac punc-
ture, exsanguination, injection of air into the fetal heart, air embolism through the
umbilical vein, hysterotomy, calcium gluconate injection, and KCI injection.



S.J. Ralston, S.D. Craigo / Obstet Gynecol Clin N Am 31 (2004) 101-123 115

Currently, intracardiac or intravascular KCI injection is the most widely used
method for selective termination.

Technique

The technique used for selective termination is very similar to the technique
used for MFR, but the procedure is usually performed later in gestation after an
anomaly or chromosomal abnormality has been diagnosed. Careful mapping of
the fetuses and placentas at the time of diagnostic procedure is extremely impor-
tant to evaluate the chorionicity and to ensure that the correct fetus is selected in
any future termination. In cases performed for major anomalies, direct visuali-
zation of the anomaly serves to confirm the correct fetus, and when twins are
discordant for sex, the fetal identification is fairly straightforward. In cases of
aneuploidy without major anomalies, however, the distinction can be difficult.
Cordocentesis or repeat amniocentesis with rapid Fluorescent In Situ Hybridiza-
tion (FISH) analysis may be used to confirm fetal diagnosis and position before
selective termination.

Patients are given antibiotics and a sedative before the procedure, which is
performed under continuous direct ultrasound guidance. KCl is injected into the
fetal heart to cause asystole. Confirmation of the asystole is made an hour later.

Safety and complications

The procedure can be performed safely and accurately. The risk of loss of the
entire pregnancy is 4% to 7.5% [50,51]. Although initial data suggested the loss
rate is higher when the procedure is performed after 20 weeks gestation, a series
of 200 cases from a single center did not demonstrate any additional risk for
procedures performed after 20 weeks [50]. There is a risk of termination of the
wrong fetus, and this unfortunate complication has been reported. Demise of a
monochorionic co-twin is also possible. There have been no reports of injury to a
co-twin or coagulation abnormalities following this procedure.

Special considerations

Cases of monochorionic twins discordant for an anomaly require special
attention, and cannot be approached with intravascular KCI injection. Techniques
have been developed and used to effect selective termination of a monochorionic
anomalous twin, including cord ligation (see later) and cord coagulation. Loss
rates are higher with these procedures.

Specialized procedures

Fetocentesis

Ultrasound-guided transabdominal needle aspiration of the fetal bladder
(vesicocentesis) allows direct measurement of any component of fetal urine.
This procedure is indicated in cases of bladder outlet obstruction. The initial tap is
the most concentrated (ie, abnormal); serial taps may show improvement in urine
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electrolytes. The usually hypotonic fetal urine becomes concentrated with renal
damage, and elevated levels of sodium, chloride, potassium, phosphate, and os-
molality have been correlated with poor renal function and outcome. Elevated
levels of 3,-microglobulin suggest tubular damage and are the most sensitive and
specific predictor of outcome. Abnormal urine electrolytes and (3,-microglobulin
levels make further intervention unwarranted.

The vesicocentesis procedure is relatively straightforward in most cases, given
the gross overdistention of the fetal bladder, which brings it forward to the fetal
abdominal wall. Care should be taken to avoid fetal abdominal wall vessels and
other intra-abdominal organs. Fetal risks are difficult to quantify, because the
condition is lethal if left untreated.

Aspiration of other fetal cavities can be performed. Fetal hydrothorax can be
evaluated by aspiration of the pleural effusion. Fluid can be tested for karyotype
and a blood count can be performed to evaluate the possibility of chylothorax. In
some cases of unilateral hydrothorax, the pleural effusion may not reaccumulate
after one or more decompression procedures, and the aspiration can be curative.

Aspiration of a massively dilated renal pelvis or ureter is also possible and
may be indicated in rare cases to evaluate renal function, and potentially to re-
lieve pressure within the affected kidney (Fig. 5).

In cases of fetal hydrops, some practitioners advocate aspirating fetal pleural
effusions immediately before delivery to assist the neonatal resuscitation team.
These infants are often critically ill at birth, and the predelivery decompression
may allow immediate inflation of the lungs during a complicated resuscitation
effort. Case reports have described needle aspiration decompression of a large
hygroma or lymphangioma to facilitate a vaginal delivery [52,53].

Shunt procedures

Vesicoamniotic shunt procedures involve placement of a double pig-tailed
catheter through the fetal abdomen into the obstructed fetal bladder to allow
passage of urine into the amniotic cavity. The procedure is generally reserved for
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Fig. 5. Ultrasound-guided transabdominal fetocentesis.
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Fig. 6. Ultrasound image of bladder outlet obstruction with enlarged bladder, classic keyhole appear-
ance seen with posterior urethral valves, and anhydramnios.

fetal bladder outlet obstruction with anhydramnios, which is an otherwise lethal
fetal condition. Bladder outlet obstruction is most often caused by posterior ure-
thral valves, but may also occur with urethral atresia, obstructing ureterocele,
megacystis-microcolon, or cloacal dysgenesis (Fig. 6). Up to 20% of cases have
associated chromosomal abnormalities.

The goal of shunting is to allow survival by restoring amniotic fluid volume,
avoiding pulmonary hypoplasia. In some cases, shunting may also theoretically
prevent worsening of the renal dysfunction. Early reports of the procedure showed
limited success. Selective criteria were then developed to distinguish between
groups with poor prognosis and good prognosis. Intervention in the poor prog-
nosis group is ineffective, but intervention in the good prognosis group is asso-
ciated with over 60% survival [54,55]. Surviving infants may still need renal
transplantation, have severe renal insufficiency, or prune belly syndrome.

Reported complications from vesicoamniotic shunting include premature rup-
ture of membranes, chorioamnionitis, preterm labor and delivery, procedure-re-
lated mortality, shunt occlusion or dislodgement, and iatrogenic gastroschisis; this
latter complication seems to be more likely to occur if the shunt is placed above
the umbilicus. Attempts to place the shunt may also fail.

When considering the procedure, care must be taken to rule out coexisting
fetal anomalies and karyotype abnormalities. Vesicocentesis must be performed
to evaluate renal function, and correlated with ultrasound findings. If the kidneys
are hyperechoic or show cortical cysts, prognosis is poor and shunting is not
recommended. Similarly, abnormal urine chemistry, coexisting chromosomal or
structural anomalies, and normal amniotic fluid volume are contraindications
to shunting.

Technique
The patient should receive in-depth counseling regarding the procedure, risks,
and alternatives. The procedure is performed under continuous ultrasound guid-
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Fig. 7. Double pig-tailed Rocket catheter and trocar used for vesicoamniotic shunting.

ance. Maternal analgesia or anesthesia is required because the procedure can be
prolonged and the instruments used are significantly larger than the needles used
for diagnostic procedures. Prophylactic antibiotics should be considered. Fetal
position is highly important when planning access to the anterior lower fetal
abdomen. Avoiding a path traversing the placenta is preferable, but may not be
possible depending on fetal and placental position. Several shunt catheters are
available, including the Rocket catheter and Cook’s Harrison catheter. Each has
corresponding sized trocar, introducer, and plungers (Fig. 7). The Cook catheter
comes in a disposable kit with a 13-gauge introducer. Amnioinfusion may be
necessary before or during the procedure to be able to place the amniotic portion of
the shunt inside the amniotic membrane correctly, which is particularly difficult in
cases of complete anhydramnios. Shunts should be reassessed frequently, because
blockage or dislodgement is not uncommon. Gestational age and fetal condition
are factors to consider when determining whether or not to replace the shunt.
Thoracic-amniotic shunts have also been used to treat fetal hydrothorax (Fig. 8).
Many cases of hydrothorax resolve after single or multiple taps, but persistent

Fig. 8. Ultrasound image of unilateral hydrothorax with mild cardiac displacement.
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hydrothorax can lead to pulmonary hypoplasia and cardiovascular complications.
Before considering a shunt, a careful examination must be performed looking for
any evidence of hydrops, and to rule out cardiac malformations. The procedure is
performed similarly to the bladder shunt procedure described previously, but
through the fetal chest wall between ribs. Again, fetal position is important, and
because these pregnancies are not complicated by oligohydramnios, fetal curare-
like medications may be given intramuscularly to maintain a desired fetal position
once achieved. Contraindications to fetal chest shunt procedures include coexist-
ing anomalies or hydrops.

Over 100 cases have been reported in the literature, with only two centers
reporting more than 10 cases [56]. Success is higher when there is no evidence of
systemic involvement with hydrops, and outcome is most improved when shunts
are placed before 32 weeks gestation.

Cord occlusion procedures

Cord occlusion procedures have been performed in cases of monochorionic-
dichorionic twins or monochorionic-monoamniotic twins discordant for an anom-
aly. The approach has been used to terminate selectively the abnormal fetus while
attempting to prevent neurologic injury to the co-twin. It has also been used in
cases of twin reverse arterial perfusion sequence and severe TTTS [57].

The procedure is performed in a few centers and can be accomplished using
bipolar coagulation, intravascular coagulation, or fetoscopic cord ligation. Com-
plications occur in approximately 40% of cases and include fetal loss, rupture of
membranes, preterm labor, fetal death or neurologic injury of the co-twin, and
inadvertent occlusion of the cord of the normal twin.

Balloon valvuloplasty

In utero balloon valvuloplasty has been reported (with limited success) for
both right-sided and left-sided stenotic heart lesions [58,59]. The most commonly
described techniques involve direct access of the affected ventricle through the
fetal chest wall with subsequent passage of interventional catheters to the affected
valve. Clearly, these remain experimental procedures, which require well-coor-
dinated teams of specialists from multiple disciplines.

Summary

Ultrasonography has expanded the capabilities of perinatologists to examine,
test, and treat the fetus. Amniocentesis and CVS are safe and widely available
procedures, which can be used to diagnose a multitude of abnormalities through
karyotype analysis and molecular studies. CVS allows earlier diagnosis, but both
procedures can provide highly accurate results in the first half of pregnancy.
Cordocentesis has fewer indications, but allows direct laboratory testing of fetal
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blood. Fetocentesis and fetal biopsy are reserved for limited indications, but can
play a crucial role in the diagnosis of some conditions, which cannot be assessed
less invasively.

Fetal transfusion is an important tool in the treatment of isoimmunization,
some other forms of fetal anemia, and alloimmune thrombocytopenia. Amnio-
reduction is a commonly used procedure for the treatment of polyhydramnios and
TTTS. Multifetal reduction and selective termination offer previously unavailable
options to patients carrying multiple gestations. Fetal shunts can reduce perinatal
morbidity and mortality in cases of bladder outlet obstruction and hydrothorax.
The limited experience with cord ligation procedures and balloon valvuloplasty
suggests these relatively new procedures may serve a greater role in the future as
techniques are improved.

By providing guidance for all of these procedures, real-time ultrasonography
has revolutionized prenatal diagnosis and therapy; it will continue to be a crucial
component in evaluating and treating complicated pregnancies.
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Preterm birth is the major clinical problem associated with perinatal mortality
and serious neonatal morbidity and childhood disability in developed countries
[1,2]. Preterm birth is associated with 75% of perinatal morbidity and mortality in
infants without congenital anomalies [3]. Despite a concerned focus on interven-
tions aimed at reducing preterm deliveries, the preterm birth rate in the United
States has increased by 28% in the last two decades and was reported to be 12%
in 2002 [4]. Coinciding with the rise in preterm birth is an increase in low—birth
weight infants. The low—Dbirth weight rate in 2002 was 7.8%, the highest reported
rate in more than three decades [4].

It is likely that preterm labor may result from several different pathophysio-
logic processes [1—3,5]. If this is true, a single intervention may not be effec-
tive in all cases of preterm labor. It has been hypothesized that interventions that
failed to reduce preterm birth did so because they were universally applied with-
out consideration of the mechanism of initiation of preterm labor [1].

Multiple factors have been examined as possible predictors of preterm birth
including maternal demographics; behaviors and psychosocial factors; current
pregnancy complications; maternal nutritional status; biophysical characteristics,
such as cervical length; maternal infections, such as bacterial vaginosis and peri-
odontal disease; and various biochemical markers, such as cervicovaginal fetal
fibronectin and salivary estriol [1,6]. This article describes the technique of
ultrasound examination of the cervix and the normal and abnormal ultrasound
appearance of the cervix. Also discussed is the use of ultrasound in women with
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prior second-trimester pregnancy loss, prior preterm delivery, and multiple ges-
tations. Finally, the pros and cons of routine assessment of the cervix in low-risk
women are presented.

Ultrasound examination of the cervix: technique

In the past, transabdominal ultrasound was commonly used for cervical evalua-
tion because second- and third-trimester obstetric ultrasounds are most often
performed transabdominally. This approach, however, seems to be least accurate
and least reproducible when compared with other methods [7,8]. The pitfalls of
transabdominal ultrasound to evaluate the cervix in pregnancy have been well
described and include the effect of maternal habitus, position of the cervix, over-
distention or underdistention of the maternal bladder, and the fetal presenting part,
all of which may obscure visualization of the cervix (Fig. 1) [3,7,8].

Because transvaginal ultrasound avoids these pitfalls, it has become the pre-
ferred technique [3,7,8]. Transvaginal ultrasound has been shown to produce
clear, reproducible visualization of the cervix with a high degree of standard-
ization of measurements of cervical length [7]. Transvaginal ultrasound, however,
does have some limitations [9]. A poorly developed lower uterine segment, pol-
yps, or fibroids can obscure the internal os. Rapid cervical dilatation and fun-
neling can also affect measurements adversely. Excessive pressure on the vaginal
probe and failure to empty the maternal bladder are associated with falsely long
measurements and should be avoided [9].

The technique of transvaginal ultrasound has previously been described in
detail [10]. The patient should be instructed to empty her bladder before the
examination. She should then be place in the dorsal lithotomy position. A high
resolution (> 5 MHz) endovaginal probe protected by a lubricated sterile trans-
ducer cover should be used [10]. The vaginal probe may be inserted either by the

[ 13800 )

Fig. 1. Transabdominal view of the cervix. The fetal head precludes adequate visualization of the
cervix. Visualization of the cervix with transabdominal ultrasound is technically more difficult than
with transvaginal ultrasound.
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patient with guidance, or by the ultrasonographer. Most endovaginal probes
currently in use are modeled on a convex, switched array of active elements,
creating a fan- or sector-shaped image [10]. Ideally, the area in view should
include at least a 120-degree field of view, allowing the operator to visualize the
required landmarks without excessive probe manipulation.

Identification of the bladder, amniotic fluid, and presenting part should be
done first. The operator should look in the midline sagittal plane of the cervix and
identify three landmarks: (1) the internal os, (2) endocervical canal, and (3) the
external os. The internal os usually appears as a small notch or triangle at the
interface between the amniotic cavity and the endocervical canal. It may be
necessary to pull the probe back slightly and angle to get the best long axis of
the cervical canal. Cervical stroma above the cervical canal should appear similar
to that below the canal (Fig. 2).

Numerous components of the cervix have been measured, including the pres-
ence and size of a funnel at the internal os; the length of the closed or residual
portion of the cervix; and the total (funnel length plus length of the closed por-
tion). Researchers have recommended quantifying these cervical changes using a
variety of measuring techniques, but the simplest and most reproducible mea-
surement in sensitivity and predictive value seems to be the residual closed length
of cervix [7,8,11,12]. The cervical length should be measured three times placing
the calipers between the internal and external os (Fig. 3). The shortest length
obtained from the best images should be recorded.

Zilianti et al [13] demonstrated effacement begins at the internal cervical os
and proceeds caudad. They further described the appearance of cervical change
as seen by transvaginal ultrasonography as a progression of the letters T, Y, V,
and U to denote the relationship of the cervical canal to the lower uterine segment
(Fig. 4). In conjunction with dilatation of the internal os, membranes and am-
niotic fluid invaginate into the proximal endocervical canal. This process is most
commonly called funneling, although the terms “wedging” or “beaking” have

DISTANHCE = 24.5mm

Fig. 2. Transvaginal view of the cervix. Note the normal appearance of cervical stroma above and
below the cervical canal. The cervical length was 31.5 mm.
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Fig. 3. Measurement of cervical length using transvaginal ultrasound. Once adequate visualization is
achieved, calipers are placed at internal and external os of the cervix. Cervical length was 29.3 mm.

also been used (Fig. 5) [8]. With labor progression, in time, the entire endo-
cervical canal becomes filled with fluid, and if the membranes remain intact, they
may be visible bulging into the vagina. As part of an ultrasound examination of
the cervix, any funneling or dilatation should be recorded. Funneling may appear
daunting when viewed in real time; however, it should be remembered that it is a
transient process. A false or pseudo funnel may occur when the lower uterine
segment contracts to form a funnel above a cervix of normal length. This is of no
clinical significance [3].

The use of a cervical stress test by applying transfundal pressure while scan-
ning transvaginally or by examining the patient while she is standing has been

Fig. 4. Represents the progression of cervical dilatation as seen on transvaginal ultrasound and as
described by Zilianti. The letters T, Y, V, and U denote the relationship of the cervical canal to the
lower uterine segment. (From Zilianti M, Azuaga A, Calderon F, Pages G, Mendoza G. Monitoring
the effacement of the uterine cervix by transperineal sonography: a new perspective. J Ultrasound
Med 1995;14:719—24; with permission.)
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Fig. 5. Funneling or beaking of the cervix at the internal os. Beaking or funneling may be described
as length of funnel, length of closed cervix remaining, or by the width of the funnel. The width of
the funnel was 23.9 mm.

reported [8]. Performing such maneuvers may help identify women at risk;
however, these are not recommended if the cervix can clearly be identified as
dilated or short without cervical stress, because these maneuvers may aggravate
the problem [8]. Otherwise, a stress test should be done by applying constant
gentle fundal pressure for 15 seconds. The cervix should then be measured again
and any further shortening or funneling should be recorded. It has been rec-
ommended that centers that plan to use transvaginal ultrasound should develop
their own protocols because many sonographers have not been formally trained in
this area [10].

Patient and examiner reticence to perform transvaginal ultrasound has led to
examination using a translabial or transperineal approach. It has been shown,
however, that false diagnosis of preterm cervical shortening may occur on a
translabial scan if rectal gas obscures the external os [8] and transvaginal ultra-
sonographic examination has been shown to be superior and more reproducible
than transperineal-translabial even when experienced endovaginal sonographers
use contemporary ultrasonographic equipment [14,15].

Normal cervical length by ultrasound

Ultrasound measurement of the cervical canal in the second and early third
trimester has been reported to range from 10 to 50 mm. lams et al [11] measured
cervical length at 24 and 28 weeks’ gestation in nearly 3000 women not selected
for risk of preterm delivery. At 24 weeks, mean cervical length in nulliparous
women was 34 £ 7.8 mm and 36 £+ 8.4 mm in parous women. At 28 weeks, the
cervix shortened slightly to 32.6 + 8.1 mm in nulliparous women and 34.5 +
8.1 mm in parous women. The tenth percentile cervical length measurement at
24 weeks was found to be 25 mm and this increased the risk of preterm delivery
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sixfold [11]. Although a cervical length measurement of 25 mm had only an
18% positive predictive value, this measurement has subsequently been used as a
benchmark of short cervical length in the second trimester in many studies.

Cervical length as a predictor of cervical incompetence

The classic clinical presentation of cervical incompetence includes painless
cervical dilatation resulting in second-trimester pregnancy loss. Many women,
however, present with a history of second-trimester pregnancy loss preceded
either by bleeding, slight cramping, or leaking of fluid that makes the diagnosis
of cervical incompetence less clear. It has been suggested that cervical incom-
petence and preterm labor are not separate entities but part of a spectrum lead-
ing to preterm delivery and that cervical incompetence is not a categorical but
rather a continuous variable [16].

Transvaginal ultrasound has been used as an adjunct to clinical examination
and history to characterize women with cervical incompetence. The diagnosis of
cervical incompetence with ultrasound has been challenging with differences re-
ported by investigators [16]. Despite these differences, transvaginal ultrasound
can play a useful role in detection of gross morphologic changes associated with
this continuum. Three ultrasound signs have been cited as suggestive of cervical
incompetence: (1) dilatation of the internal os; (2) sacculation or prolapse of the
membranes into the cervix (with shortening of the functional cervical length)
either spontaneously or induced by transfundal pressure; and (3) a short cervix in
the absence of uterine contractions [17]. The diagnosis of cervical incompetence
is rarely straightforward. In women with an atypical history (uterine cramps,
abdominal pressure, bloody show, or watery discharge) of cervical incompetence,
serial ultrasounds between 14 and 24 weeks have been recommended [18,19].
Criteria for diagnosis in women with atypical histories includes cervical length
less than fifth to tenth percentile (20 to 25 mm) and funneling greater than 30%
of total length of the cervix.

The evidence regarding cerclage placement, both the indications for and
outcomes of, has been reported by many investigators and remains controversial
[5,18,20—22]. Berghella et al [20] recently reported on the use of serial trans-
vaginal sonograms in patients with a history of prior second-trimester loss. Based
on their findings in 177 women with a prior history of second-trimester loss, they
recommended serial transvaginal sonography of the cervix, with cerclage only if
indicated by cervical length change to less than 25 mm, as a valuable alternative
to a policy of uniform prophylactic cerclage. This protocol has been advocated
by other authors [5,17,18,21,23—-25]. In the authors’ practice, they have found
cervical length useful in patients with an atypical history of cervical incompe-
tence. In these women, serial ultrasound (every 1 to 2 weeks) with cerclage
placement if a short cervix is noted may be of benefit (Fig. 6).

Some authors recommend serial cervical ultrasounds for cervical length after
cerclage placement (Fig. 7) [16,26,27]. Prophylactic cerclage has been associated
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Fig. 6. This patient had an atypical history of late second trimester pregnancy loss associated with
cramping. (4) At 16 weeks’ gestation, a normal cervical length of 33.2 mm was recorded. Serial
transvaginal ultrasounds were performed. (B) At 23 weeks’ gestation, the patient experienced cramp-
ing. At that time, her cervix appeared shorter with funneling noted. The width of the funnel was
19.1 mm.

with an increase in cervical length (2.7 + 0.9 mm to 3.6 = 0.9 mm) [27]. This
increase in cervical length is not predictive of a term delivery [26].

Cervical length as a predictor of preterm birth

Transvaginal ultrasonographic cervical measurement of less than 26 to 30 mm
has been shown to be at least equivalent to Bishop scores in predicting term
vaginal delivery [28,29]. It seems logical that transvaginal ultrasound cervical
length may also be useful as a predictor for preterm labor. Cervical effacement in
pregnancy has been demonstrated by ultrasound to begin at approximately
32 weeks for term births and as early as 16 to 24 weeks for preterm births. This
process of change of the internal os often is well established before recognition of
external os changes. Cervical effacement may occur slowly and often precedes
clinically evident preterm labor. In symptomatic women with suspected preterm
labor, a cervical length of less than 20 mm is not necessarily predictive of preterm
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Fig. 7. This patient had a classic history of cervical incompetence in her first pregnancy. In her second
pregnancy, a cerclage was placed at 14 weeks’ gestation. (4) The cerclage is visible (arrows) at
15 weeks’ gestation and cervix measures 31.3 mm. She had weekly ultrasounds following cerclage
placement. (B) At 20 weeks’, the cervix had shortened to 11.1 mm. (C) Dynamic changes were noted
with funneling.
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birth, but a length of more than 30 mm can reliably exclude preterm labor [3,7,
10,30-32].

Several investigators have attempted to use cervical length in asymptomatic
women to predict preterm delivery. Conoscenti et al [33] prospectively followed
2469 women and found that cervical length at 13 to 15 weeks’ gestation was not
different in women who delivered preterm versus term. Similarly, Carvalho et al
[34] prospectively studied 529 women at 11 to 14 weeks and again at 22 to
24 weeks. There was no difference in mean cervical length at 11 to 14 weeks in
women who delivered preterm (40.6 mm) as compared with those who delivered
at term (42.7 mm). Cervical length was significantly shorter, however, at 22 to
24 weeks in the group that went on to deliver preterm (26.7 versus 39.3 mm).
Most recently, Berghella et al [35] followed high-risk women with serial
ultrasound starting in the first trimester and noted that cervical length less than
25 mm rarely occurred before 14 weeks’ gestation even in high-risk women who
delivered preterm. They noted that the average gestational age at which a short
cervix is detected is 18.7 + 2.9 weeks’ gestation. These studies suggest that the
cervical length seems to shorten sometime after 15 weeks’ gestation in women
who subsequently deliver preterm.

Many studies have evaluated second-trimester assessment of cervical length
as a predictor of preterm delivery. Goldenberg et al [36] conducted the Preterm
Prediction Study with the Maternal Fetal Medicine Network from 1993 through
1996. In this study, they assessed over 3000 women for risk factors, biophysical
characteristics, and biochemical tests that might be predictive of preterm delivery.
Using a cervical length of 25 mm as the definition of a short cervix (measured
at 24 to 30 weeks’ gestation), positive fetal fibronectin was the strongest pre-
dictor of preterm birth (< 35 weeks’ gestation), followed by short cervical length.
Moreover, over the entire range of measurements, the shorter the cervix the
greater was the risk of spontaneous preterm birth. Short cervical length, however,
even when combined with positive fetal fibronectin, had a low positive predictive
value of preterm delivery (18%) in this population at low-risk for preterm birth.

In contrast, the same group of investigators studied 183 women at high-risk
for preterm birth because of a history of prior delivery less than 32 weeks’ ges-
tation [10]. These women had transvaginal ultrasound determination of cervical
length at 16 to 18 weeks and every 2 weeks’ thereafter until 24 weeks’ gestation.
Women with a cervical length less than 25 mm had a 4.5-fold increase in rate of
delivery less than 35 weeks’ gestation. This threshold had a sensitivity of 69%, a
specificity of 80%, and a positive predictive value of 55%.

Berghella et al [30] demonstrated in 168 women at risk for preterm delivery, a
cervix of less than 25 mm had a positive predictive value of 70% when detected
between 14 and 18 weeks’ gestation and a positive predictive value of 40%. A
patient at high-risk for preterm delivery with a cervix of greater than 35 mm
between 18 and 22 weeks’ gestation had a markedly decreased risk of preterm
delivery of only 4%.

Shi et al [32] reported on 154 normal single nulliparous pregnant women be-
tween 16 and 35 weeks. The mean cervical length by sonography of women
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who delivered at term was 32 mm (+ 6 mm), whereas the group of 11 women
who delivered preterm had a mean cervical length measurement of 18 mm
(£ 6 mm). Furthermore, they reported a cutoff of 26 mm (2 standard deviations
below the mean) had 100% sensitivity and 100% negative predictive value in
their population.

Multiple other studies have been performed in both low- and high-risk popu-
lations using cervical length thresholds of 15 to 30 mm as a predictor of pre-
term delivery [37—39]. They have found that the higher the baseline risk for
preterm delivery in the study population and the shorter cervical length used, the
greater the positive predictive value. Interestingly, Pardo et al [40] recently
reported cervical length in nonpregnant women with a history of preterm
delivery. They compared 54 women who had a history of spontaneous preterm
birth before 34 weeks with 104 women who had term deliveries. They found that
mean cervical length at 12 weeks’ postpartum was not statistically different
in women who delivered preterm (36 = 6 mm) as compared with those who
delivered at term (38 £ 4 mm). They concluded that shortening of the cervix was
most probably a reversible phenomenon that occurs during pregnancy and
represents failure of the competence mechanism to adapt to pregnancy.

The current debate that remains unanswered is the role of therapeutic in-
tervention in the presence of a short cervix on ultrasound in women at risk for
preterm delivery, but without evidence of preterm labor. The intervention that has
been most intensely debated is the placement of cervical cerclage in such patients.
Several observational and randomized studies have shown no difference in the
rate of preterm delivery or the gestational age at delivery following cerclage
placement in women documented short cervix in the second trimester [5,30,41]. In
contrast two small studies, one observational [42] and the second randomized [23],
showed that in women with significant risk for second- or early third-trimester
loss, therapeutic cerclage following documentation of a short cervix (< 30 mm
[27] or <25 mm [5]) resulted in lower rate of early preterm delivery and subse-
quently lower rate of neonatal morbidity. The National Institute of Child Health
and Human Development (NICHD) Network is currently conducting a large
multicenter randomized trial of serial cervical length assessment in women at risk
for preterm delivery followed by randomization to cerclage placement or obser-
vation if cervical length is noted to be less than 25 mm. This study should help to
answer the question about the role of therapeutic cerclage following ultrasound
documentation of short cervix in women at risk for preterm birth.

The use of transvaginal ultrasound in multiple gestations

An increase in multiple gestations accounts for some of the recent rise in
preterm birth rate and low—birth weight infants. Gardner et al [42] showed that
although twins account for only 2.6% of births, they represent 12.2% of
premature deliveries and 15.4% of neonatal deaths. Triplets account for 0.1%
to 0.3% of deliveries, have a mean gestational age at delivery of 33 weeks, and
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have a perinatal mortality rate of 20% [2,43]. Transvaginal ultrasound has been
used as a tool to determine normal cervical length in multiple gestations and to
predict the likelihood of preterm birth in these high-risk pregnancies.

The mean cervical length in twin gestations not in labor has been reported to
be 40.6 £ 9.6 mm at 22 weeks’ and 34.5 £ 10.7 mm at 27 weeks’ with tenth and
fifth percentiles of 20 mm and 15 mm, respectively [44]. Goldenberg et al [12]
reported that using a 25-mm cutoff, a short cervix was found in 9% of singletons
and 18% of twins at 24 weeks and in 14% of singletons and 33% of twins at
28 weeks. In 32 triplet pregnancies, mean cervical length was reported as 42 +
5 mm at 10 weeks, 37 = 8 mm at 20 weeks, 26 £ 10 mm at 25 weeks, and 21 +
7 mm at 30 weeks [43]. It has been suggested that the cervix in triplet pregnancies
has a more rapid decline in length with advanced gestational age than is found in
twin pregnancies [43,45].

Although there are fewer studies in multiple gestations, data suggest that
spontaneous preterm birth in twins is unlikely when the cervical length measures
35 mm or more at 18 to 24 weeks’ gestation [12,46—49]. Several authors have
demonstrated the use of cervical length as a predictive tool for preterm birth in
multiples [12,46—49]. Yang et al [49] prospectively followed 65 twin pregnan-
cies and found that 20% had a cervical length less than 30 mm in the second
trimester; of these, 62% delivered less than 35 weeks. Ten percent had cervical
funneling; of these, 70% delivered less than 32 weeks. Thirty-five percent had
cervical length greater than 35 mm; of these, only 4% delivered less than 35 weeks.
In another prospective study of 131 twins, a cervical length of less than 20 mm
between 15 and 20 weeks correlated with an 80% rate of delivery at less than
32 weeks’ gestation [47]. Vayssiere et al [44] conducted a prospective trial at
13 centers that evaluated 251 women at 22 weeks, 215 at 27 weeks, and 121 at
both periods. They found that a cervical length of less than 25 mm predicted
preterm birth before 32 weeks with a sensitivity of 100% and specificity of 84%.
They noted that the negative predictive value seems to be most useful in daily
clinical practice with a risk of delivery of 3.3% at less than 32 weeks if cervical
length exceeds 30 mm.

Poggi et al [50] demonstrated in a case-control study of 58 women with
triplets cervical length at 16 to 20 weeks was inversely correlated with the
probability of preterm delivery less than 32 weeks. Finally, in another prospective
study of 43 triplets, for the primary outcome of delivery before 33 weeks ges-
tation, cervical length less than 25 mm had 50% sensitivity. This increased to
only 33% sensitivity if cervical length was less than 15 mm at 22 weeks [45].
Because of the high rate of preterm delivery in triplets, it seems that no cervical
length is predictive of term delivery [43].

Summary

The ultrasound assessment of the cervix has contributed to the understanding
of the pathways to preterm birth [3]. Transvaginal ultrasound measurement of the
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cervix provides an objective and noninvasive tool for the evaluation of cervical
status. Despite widespread use of this procedure, standardization of measure-
ment indications, technique, and interval between examinations has not been
achieved. The American College of Radiology has recently recommended that
the cervix and lower uterine segment be imaged as part of every obstetric ultra-
sound examination in the second trimester. These guidelines specifically suggest
a search for a short cervix (less than 30 mm) or funneling [8]. The expert panel on
women’s imaging further recommended evaluating the cervix sonographically on
both the initial examination and all follow-up examinations for twin gestations
[51]. The American Institute of Ultrasound in Medicine guidelines indicate that
evaluation of the uterus, including cervix, should be performed, but does not
indicate specifically that the cervix should be measured [52]. In contrast, the
American College of Obstetricians and Gynecologists, although recognizing that
cervical length assessment may be helpful in predicting the risk of preterm de-
livery (particularly from a negative predictive value), does not recommend rou-
tine use of cervical length measurement because of the lack of proved treatment
or intervention methods [53].

A review of the literature suggests that at the time of this writing the role
of routine screening of low-risk women with cervical length assessment by
ultrasound is not supported. In contrast, in women at risk for preterm delivery
(eg, women with a prior history of preterm birth or women with multiple ges-
tations) cervical length assessment may be useful for its negative predictive
value. At present, however, there is no therapeutic intervention that has been
proved to decrease the risk of preterm delivery in women with a documented
cervix on ultrasound.
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On learning of a twin gestation, most parents are struck with joy and awe. The
obstetrician, however, is faced with numerous management problems. Twin ges-
tations accounted for 3% of all livebirths in the United States in 2001 and have
increased rates of complications and morbidity [1]. Despite the risks, they gen-
erally result in a successful pregnancy for both the parents and physicians. This
article highlights how ultrasound enhances the care of twin pregnancies. From
the initial diagnosis of twins to its role in fetal therapy and in the delivery room,
ultrasound has revolutionized the care of women carrying twins.

Multiple gestations have increased 1.3-fold in the United States over the
past decade from 96,992 of 4,162,917 livebirths (1 of 43) in 1990 to 128,840 of
4,031,531 livebirths (1 of 31) in 2001 [1]. Fig. 1 shows the rates of twin and trip-
let live births in the United States from 1980 to 2001. Of interest is the decrease
in the rate of triplets from 1998 to 2001 and a flattening of the increasing rate
in twins over the same time frame [1]. Twins comprise 96% to 97% of all live-
born multiples. The focus here now turns to the use of ultrasound in the diagnosis
of twins, its role of determining chorionicity, the management of unique twin
complications, the value of cervical length determination in twins, the use of
ultrasound in screening for aneuploidy in multiples, and the intrapartum role of
ultrasound in twin gestations.

Etiology of twins

Twins can be classified into monozygotic and dizygotic depending on the
number of fertilized eggs leading to conception. The general rate of monozygotic
or identical twinning is constant across races, without considering assisted
reproductive technologies, at about 1:250 pregnancies. Dizygotic twinning can
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Fig. 1. Rates of twins and triplet livebirths in United States from 1980 to 2001. (From National Center
for Health Statistics CD-ROM: 1990—1997 Natality Data Set, Series 21, Nos. 2—9, 11,12,14,15.
Atlanta: Centers for Disease Control and Prevention; 1997—2001.)

vary greatly by race and has been increasing dramatically with the use of assisted
reproductive technologies. With very rare exceptions, dizygotic twins are always
dichorionic but monozygotic twins can have a variety of placentations depending
on the timing of the twinning event [2].

Diagnosis of twins

Ultrasound is crucial for the diagnosis of twins. A clinical suspicion of mul-
tiple gestation should be raised when a patient has a larger than expected uterine
size; her pregnancy-associated symptoms (eg, hyperemesis gravidarum) seem
excessive; or in any patient using assisted reproductive technologies. Important
sonographic details to note are the number of gestational sacs, the location of the
placentas, the presence of a dividing membrane, amniotic fluid status, yolk sac,
and fetal heart rate. This information is helpful at the time of diagnosis and may
be crucial later in the pregnancy in counseling about potential complications.

In 1986, Landy et al [3] reported on 1000 first-trimester pregnancies with an
incidence of twinning of just over 3%. They found about 20% of these twin
gestations resulted in singleton livebirths with or without vaginal bleeding
leading to the diagnosis of the “vanishing twin” phenomenon [3]. In a pro-
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spective series of twins diagnosed with two fetal heartbeats, dichorionic twins
diagnosed before 8 weeks were significantly more likely to result in a singleton
pregnancy than those after 8 weeks [4]. The prognosis for singletons resulting
from an early vanishing twin seems to be similar to other singletons. The sono-
grapher may also encounter an “appearing twin.” Doubilet and Benson [5] have
reported their experience with transvaginal ultrasound at 5 to 5.9 weeks gestation
and concluded that 30 of 220 twins were thought to be singletons on initial
evaluation. To describe this phenomenon, they coined the term “appearing twin.”
They reported similar pregnancy outcomes for the “appearing” twin gestations.
This information emphasizes the importance of a careful ultrasound examination
in the early stages of pregnancy to diagnose twins correctly.

Placentation

Ultrasound is not always accurate in determining zygosity but is very useful
in determining placentation, which is more important in predicting the prognosis
for twin pregnancy complications [6]. The steps in determining placentation in-
clude determination of gender, visualization of placental mass, and characteriza-
tion of the dividing membrane. If differing genders or two distinct placentas are
noted, then a dichorionic placentation has occurred. If the same gender is present
and there seems to be one placenta, the pregnancy may be dichorionic-diamniotic,
monochorionic-diamniotic, monochorionic-monoamniotic, or monochorionic with
conjoined twins. Several techniques can be helpful in determining chorionicity.
A thin, wispy membrane, which is often difficult to visualize, may be indicative
of monochorionic placentation. A thicker, more apparent, wavy membrane is
more typical in dichorionic placentation. For practical purposes, the measurement
of membrane thickness is not as useful for determining chorionicity as the
appearance of the membrane at its insertion onto the chorionic plate or fetal
surface of the placenta. If the placenta appears to fill the groove between the
membranes at the insertion into the placenta, called the lambda or “twin peak™
sign, then a fused dichorionic-diamniotic placentation is likely (Fig. 2) [7,8]. If
the placentas are separate, the placenta is also dichorionic-diamniotic. Alterna-
tively, if the insertion cleanly joins the chorionic plate of the placenta, the so-called
“T” sign, then a monochorionic-diamniotic placentation is likely (Fig. 3). This
systematic approach is very useful and accurately determines placentation about
90% of the time [9].

Monoamniotic twins

When the dividing membrane is not seen early in the ultrasound evaluation of
a twin pregnancy, consideration should be given to the diagnosis of monocho-
rionic-monoamniotic twins. They account for 1% of all monochorionic twins.
The authors require that several examinations be performed to search for the
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Fig. 2. Lambda sign indicates dichorionic, diamniotic placentation.

dividing membrane before making this diagnosis because the membranes may
not initially be apparent by ultrasound. Distinguishing monoamniotic twins from
a “stuck” twin can be difficult, but normal amniotic fluid volume and two free-
floating twins with no visualized membrane separating them should clinch the
diagnosis of monoamniotic twins. Color and two-dimensional ultrasound readily
show the ever-present umbilical cord entanglement, which leads to the strikingly
increased mortality for monoamniotic twins. Visualization of two cord insertions
into the placenta within very close proximity to each other also is consistent with
monoamniotic twins (Fig. 4). Rodis et al [10] suggested a management strategy
for monoamniotic twins. This strategy includes (1) serial ultrasounds every 2 to
4 weeks to assess fetal growth, (2) corticosteroids to enhance fetal lung maturity

Fig. 3. T sign indicates monochorionic, diamniotic placentation.
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Fig. 4. Cord insertions in close proximity in a monoamniotic pregnancy using color Doppler.

at 24 to 26 weeks, (3) daily nonstress tests from 24 to 26 weeks gestation,
(4) amniocentesis at 32 to 34 weeks gestation to assess fetal lung maturity, and
(5) cesarean delivery when fetal lungs are mature by 35 weeks gestation. The
authors have also found color-flow Doppler a useful adjunct in the care of
monoamniotic twins (Fig. 5). Whenever monoamniotic twins are suspected, one
should always rule out conjoined twins.

Conjoined twins

The rare phenomenon of conjoined twins occurs with monozygotic twinning
when the embryo divides at 13 to 14 days from conception [11]. The two fetal
poles may be attached at varying sites. The location of the sites provides the
basis for the nomenclature describing conjoined twins. The most common con-
joined twins are the omphalopagus or thoracopagus twins, which are joined at the
abdomen or chest (Fig. 6). Ultrasound features include visualizing the twins in
the same relative positions in all views, direct opposition of the twins from each
other, or extreme extension of the fetal spine (Fig. 7). Numerous variations in
the types of conjoined twins may occur and the prognosis for survival is gener-

Fig. 5. Pulse-wave Doppler of the umbilical arteries in a monoamniotic twin pregnancy.
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Fig. 6. Thoracopagus twins showing shared great vessels using gray-scale and color Doppler imaging.

ally poor. When conjoined twins are diagnosed there should be a systematic
approach to define which major organs are present in each separate fetus, which
are shared, and what vascular communications occur. These steps help determine
the prognosis for postnatal separation.

Stuck twin

An ominous ultrasound finding is the “stuck™ twin. This general diagnosis
should not be equated with the twin-to-twin transfusion syndrome (TTTS), which
is only one of the causes of a stuck twin. To make the diagnosis, careful
evaluation looking for a dividing membrane is required. The fluid around the
nonstuck twin may be normal, but is increased if TTTS is the etiology. The most
informative areas around the fetus to look for the dividing membrane are near
the fetal neck, chin, or limbs where a thin membrane may be seen bridging the

Fig. 7. Parapagus twins. Note two craniums with a single stalk.
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Fig. 8. Membrane reflecting off “stuck” twin.

gaps between fetal small parts (Fig. 8). The pregnant mother can be shifted from
side to side to ensure that the stuck twin does not move in the amniotic cavity.
When there is severe oligohydramnios around the stuck twin, an apparently ad-
herent membrane is seen encasing the fetus, and the fetus does not move about
within the uterine cavity, the diagnosis of a stuck twin is made (Fig. 9). The etiol-
ogy must then be determined. A careful evaluation of the stuck twin may reveal
anomalies consistent with oligohydramnios, such as renal agenesis or multi-
cystic dysplastic kidneys. These may be difficult to determine with the oligo-

Fig. 9. “Stuck” twin. Note the position of the fetus stuck against the posterior wall of the uterus. This
was present despite maternal position change.
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hydramnios but a clue is normal, rather than increased, amniotic fluid around the
nonstuck twin. An amnioinfusion around the stuck twin is often helpful to enable
the sonographer to perform an adequate anatomic survey. The instilled fluid could
also be aspirated for karyotype and infection studies.

Twin-to-twin transfusion syndrome

If the evaluation of the stuck twin has some or all of the following features,
the diagnosis of TTTS must be considered: (1) monochorionic placentation,
(2) same sex fetuses, (3) oligohydramnios around one twin and polyhydramnios
around the other, (4) velamentous cord insertion, (5) an enlarged bladder in the
recipient twin with polyhydramnios, (6) no bladder seen around the donor twin,
or (7) size discrepancy with the recipient twin significantly larger than the donor.
Ultrasound is uniquely helpful in establishing the diagnosis and determining the
prognosis of TTTS. TTTS occurs in 10% to 20% of monochorionic pregnancies
and results from an imbalance in the vascular communications, which are found
in up to 80% of monochorionic placentas. The donor may be hypovolemic,
anemic, growth restricted, and occasionally hypotensive. The recipient may be
hypervolemic, plethoric, and polycythemic. The severity of TTTS varies, with
milder forms occurring late in the second or third trimester. Quintero et al [12]
defined severe TTTS as the presence of polyhydramnios (maximum vertical
pocket of amniotic fluid of > 8 cm) and oligohydramnios (maximum vertical
pocket of amniotic fluid of < 2 cm). They also used visualization of the bladder
on the donor twin; the presence or absence of hydrops in either twin; and pulsed
Doppler studies of the middle cerebral artery, umbilical artery, and umbilical vein.
In stage I, the bladder of the donor twin is still visible, whereas in stage II, the
bladder is not visualized but the Doppler studies are normal. By stage III there are
Doppler abnormalities, in stage IV hydrops is present, and in stage V there is a
demise of one or both twins [12]. This staging system does not seem to dis-
tinguish good from bad outcomes on initial evaluation. An increase in stage,
however, carries with it a higher risk of earlier perinatal loss. Staging may be
more useful in monitoring disease progression [13]. Untreated TTTS, which
develops before 26 weeks, has a perinatal mortality rate of 90% [14].

A systematic approach is helpful in the management of TTTS. The authors
suggest evaluating the maximum fluid pocket around the recipient twin, visual-
izing the fetal bladders, establishing growth curves for each, evaluating the cer-
vical length, and performing pulse-wave Doppler of the umbilical arteries of each
fetus (Fig. 10). If the amniotic fluid volume becomes excessive around the re-
cipient, the cervical length shortens, or the Doppler interrogation reveals absent
or reverse end-diastolic velocity, intervention should be considered (Fig. 11).
Hydrops in either the donor or recipient fetus can occur and therapy at this point
should be directed at optimizing the outcome for the nonhydropic fetus.

Several treatments exist for TTTS. These include serial amnioreductions
of polyhydramnios around the recipient twin; laser ablation of the communicating
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Fig. 10. Enlarged fetal bladder noted in a recipient twin in TTTS.

placental vessels; and cord ligation of one, usually the anomalous or hydropic
fetus. Pregnancy termination can be considered in cases with very early onset
and severe findings. If the patient is committed to full intervention, the risks
and benefits of each therapy should be discussed. In cases with hydrops of
one fetus, cord ligation may be considered. Sacrificing the hydropic fetus by
cord ligation should prevent hypoperfusion of the surviving twin. When the
blood pressure of the dying fetus collapses, the vascular communications be-
tween the twins allows the blood of the surviving twin to move down the pres-
sure gradient to the dying twin. In this setting, a double fetal death or neurologic
impairment of the survivor may occur. If one twin has a co-existing major
anomaly, cord ligation has also been performed. If the goal is to maximize twin
survival, the main therapies are therapeutic serial amnioreductions, amniotic
membrane septostomy, or laser coagulation of the communicating placental
vessels. Laser treatments require significant expertise, but may best treat the
underlying pathophysiology by coagulating any communicating blood vessels
between the two fetuses and thereby severing the recipient-donor relationship
between the twins. Laser separation seems to have a slightly higher complica-

Fig. 11. Pulse-wave Doppler in a TTTS case with abnormal umbilical artery flow. (4) Normal um-
bilical artery Doppler flow in twin A. (B) Absent end diastolic flow in the umbilical artery of twin B.
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tion rate in the short-term, but initial studies indicate there may be improved
neurologic function in survivors [15].

Therapeutic amniocentesis can be performed rapidly for TTTS as a primary
treatment or as a temporizing measure to allow transfer to a center for laser
photocoagulation. Two useful methods have been described: the wall suction
method described by Elliott et al [16] and the vacuum bottle method described
by Dolinger and Donnenfeld [17]. Both are sufficient to remove the excessive
amniotic fluid from the recipient twin’s sac with polyhydramnios. The authors
recommend using an 18- or 20-gauge spinal needle and placing the needle in the
cavity away from the fundus of the uterus. By avoiding the fundus, the needle
does not pull out of the amniotic cavity as the amniotic fluid volume is reduced
and the size of the uterus shrinks. Removal of large quantities of amniotic fluid
can be achieved safely [18]. A recommend end point is a maximum amniotic
fluid depth around the recipient twin of 5 to 6 cm. Frequent assessment of fluid,
fetal growth, and Doppler flow can be used to guide the timing of repeat
procedures. In some cases, only one therapeutic amniocentesis is required, which
led to the hypothesis of amnioseptostomy as a treatment for TTTS. By creating
one or several holes in the dividing membrane, and allowing free flow of fluid
between the sacs, equilibration of amniotic fluid in the two sacs may be thera-
peutic. Amnioinfusion of the oligohydramniotic sac may help better to identify,
or tent, the dividing membrane facilitating the procedure. Randomized trials are
underway to determine the best method of treatment for TTTS.

Acardiac twins

An unusual and rare form of TTTS is the acardiac twin. This probably forms
from the rescue of a dying fetus by the perfusion from a healthy donor fetus.
The acardiac twin may have some fetal features, such as limbs or bones, but there
is no cardiac activity and major anomalies are the rule (Fig. 12). Often a vascu-
lar connection can be visualized to make the diagnosis and distinguish from
an intrauterine fetal demise (Fig. 13). The acardiac twin may drain sufficient
volume from the donor twin to cause hydrops. Cord ligation of the acardiac twin

Fig. 12. Acardiac twin. (4) Normal-appearing cranium adjacent to the acardiac twin’s cranium with the
septae appearance of a cystic hygroma. (B) Skeletal and soft tissue components of the acardiac twin
in (4).
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Fig. 13. Color and pulse Doppler imaging of an acardiac twin showing pulsatile flow from the do-
nor twin.

can be considered, or expectant management, if the donor twin seems uncompro-
mised [19].

Cervical length and spontaneous preterm birth

Twin gestations are at increased risk for preterm delivery. The mean age
at delivery for liveborn twins in the United States has decreased from 35.8 weeks
gestation in 1991 to 35.4 weeks gestation in 2001 [1]. The percent of twins de-
livering at less than 37 weeks has increased from 65% in 1991 to 74.5% in 2001
[1]. Cervical length has been used as a predictor of near-term and preterm
delivery in twins. A normal cervical length generally predicts a near-term de-
livery. Imseis et al [20] found that a cervical length greater than 35 mm between
24 and 26 weeks gestation was associated with a low likelihood of delivery at less
than 34 weeks gestation. A cervical length greater than 35 mm had 49% sen-
sitivity, 94% specificity, and a 97% positive predictive value for a delivery greater
than or equal to 34 weeks gestation. Several studies suggest that a short cervical
length at 20 to 28 weeks of gestation places a twin gestation at significant risk
of a preterm delivery. Souka et al [21] found that a cervical length measurement
less than 25 mm at 23 weeks gestation was strongly correlated with a sponta-
neous preterm delivery. Goldenberg et al [22] compared cervical length with
other predictors of preterm delivery. They used a cervical length of less than
or equal to 25 mm at 24 weeks gestation and found that it was the better pre-



152 J.FX. Egan, A.F. Borgida / Obstet Gynecol Clin N Am 31 (2004) 141-158

dictor of preterm delivery at less than or equal to 32, 35, and 37 weeks gestation
than bacterial vaginosis, fetal fibronectin, and other risk factors. In the 147 sets of
twins scanned at 24 and 28 weeks gestation, the authors found that if the cervical
length was less than or equal to 25 mm at 24 weeks, 26.9% delivered at less than
or equal to 32 weeks gestation. If the cervical length was less than or equal to
25 mm at 28 weeks, however, 13.2% delivered at less than 32 weeks gestation.
Guzman et al [23] looked at a cervical length of less than or equal to 20 mm
between 15 and 24 weeks gestation and between 25 and 28 weeks gestation. If
the cervical length was less than or equal to 20 mm between 15 and 24 weeks
gestation, there was a 50% delivery rate at less than 32 weeks gestation. If the
cervical length between 25 and 28 weeks was less than or equal to 20 mm, the
rate of delivery at less than 32 weeks gestation was 16.1%.

Newman et al [24] investigated the impact of cervical cerclage on the obstetric
outcome of twin gestations with a shortened cervical length. They prospectively
followed 147 consecutive twin mothers who underwent transvaginal ultrasono-
graphic cervical length measurement between 18 and 26 weeks gestation. Those
with cervical lengths less than or equal to 25 mm were offered a cervical cerclage.
Twenty-one of 128 twin gestations underwent cerclage for a cervical length of
less than or equal to 25 mm. The risk of preterm delivery increased with de-
creasing cervical length. When the twin gestations were stratified into cervical
length quartiles, however, midtrimester cerclage did not alter the risks of pre-
term delivery in twin gestations.

Aneuploidy screening in twin gestations

Advancing maternal age is a known risk factor for autosomal trisomies, the
most common of which is Down syndrome. The average age of a woman
delivering twins in the United States has increased from 27.8 years old in 1991
t029.3 in 2001 [1]. The percent of all mothers 35 or more (advanced maternal age)
giving birth has increased from 8.9% in 1990 to 13.6% in 2001. Of all women
delivering multiple gestations, the percentage of women 35 or more has increased
from 11.4% in 1990 to 21% in 2001 [1]. Advances in reproductive technology
have also played a major role in the increase in multiple gestations in the United
States. Women using assisted reproductive technology are also more likely to be
older and in their later reproductive years.

The risk of Down syndrome in a twin gestation is different from the age-
specific risk of a singleton gestation. The precise difference, however, is difficult
to determine. Rodis et al [25] calculated a theoretical maternal age-specific risk
for Down syndrome in twin pregnancies. They assumed that the probability of
Down syndrome was independent among the twins. They stated that a risk of
one, or the other, or both twins being affected was approximately 80% higher
than the singleton maternal age-specific risk. This risk was comparable with the
singleton risk of a woman 2 or 3 years older. Meyers et al [26] used a similar
model but corrected for maternal race and zygosity. They concluded that the twin
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risk per pregnancy approximated that of the singleton risk for a mother 3 or
4 years older.

Wald [27], however, found a lower risk of Down syndrome in liveborn twins
than the Rodis et al [25] or Meyers et al [26] studies. In a meta-analysis of four
cohort studies of 64 Down syndrome twins, the livebirth prevalence of Down
syndrome among twins was only 18% higher than singletons. They concluded
that the risk for a twin pregnancy resulting in a liveborn with Down syndrome
does not differ significantly from that of a singleton gestation. Doyle [28] in a
study of 106 twin Down syndrome livebirths found the prevalence only 3%
higher than singletons. This discrepancy between the estimated and the observed
liveborn twins may be explained by the higher intrauterine lethality for Down
syndrome—affected twins. The prevalence of Down syndrome is proportionately
higher in the late first and second trimester than at birth.

Antenatal screening for Down syndrome in a twin gestation uses the same tools
generally applied to singletons, such as maternal age, serum screening, and ultra-
sound. An antenatal diagnosis may be made by either chorionic villous sampling
or amniocentesis. Both the screening and the diagnosis are complicated by the fact
that the fetuses may be discordant for abnormal ultrasound findings, and for
aneuploidy, and that an invasive test, or therapies, may place both fetuses at risk.

Using livebirth data to assess Down syndrome risk in the second trimester
requires a correction for fetal loss in both affected and unaffected pregnancies.
Sebire et al [6] demonstrated that the loss rate for twins from the second trimester
to term varied by chorionicity. In dichorionic twins, 2.3% are lost from 16 weeks
to term, whereas the loss rate for monochorionic twins from 16 weeks to term
was 13.3%. Of all twin liveborns in the United States, approximately 75% are
dichorionic and 25% monochorionic. Unaffected singletons have a loss rate of
1.46% from the midtrimester to term [29]. Singleton Down syndrome fetuses
have an in utero loss from 16 weeks to term of 15.7%. Estimates of loss from the
second trimester to term for Down syndrome twins are not available. The authors
used birth certificate data to determine the ratio of reported to estimated number
of Down syndrome fetuses in singleton and multiple gestations. The authors then
calculated the contribution of multiples to the livebirth prevalence of Down
syndrome, assuming no antenatal intervention. Using these estimates and the

Table 1
Contribution of multiple gestations to Down syndrome livebirth prevalence
Total Down Down syndrome % Down syndrome
Year Total livebirths syndrome from multiple gestations from multiple gestations
1990 4,158,212 5900 152 2.6
1995 3,899,589 6292 174 2.8
1996 3,891,494 6498 231 3.6
1997 3,880,894 6629 271 4.1
1998 3,945,192 6850 294 4.3
1999 3,963,465 6955 315 4.5

2000 4,063,823 7264 334 4.6
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maternal age-specific risks for singletons, the authors estimated the livebirth
Down syndrome prevalence in 1990 and yearly from 1995 to 2000 (Table 1).
This represents a 1.8-fold increase in the contribution of multiples to Down
syndrome livebirths from 2.6% in 1990 to 4.6% by the year 2000.

The increased prevalence of Down syndrome fetuses in multiples brings with
it many questions regarding Down syndrome screening. The lack of consensus on
age-related risks has already been discussed. Maternal serum tests must use
different norms, which factor in the contribution of both fetuses. Ultrasound
screening implies that both fetuses can be imaged and that structural abnormali-
ties in twins carry with them similar implications for Down syndrome and other
aneuploidies. Testing for Down syndrome in the first trimester is performed using
serum screening with pregnancy-associated plasma protein A (PAPP-A) and free
beta of human chorionic gonadotropin (hCG). Spencer [30] found that the
PAPP-A in twins was 1.86 multiples of the median (MoM) greater than in
singletons and the free beta was 2.099 MoM. Screening is also being done using
ultrasound to assess nuchal translucency. Measurements of nuchal translucency in
normal and Down syndrome fetuses are approximately the same in both single-
tons and twins. Maymon et al [31] reported that the mean nuchal translucency in
singletons was 1.5 mm + 0.5 and in twins was also 1.5 mm # 0.17. There was no
statistically significant difference. The mean MoM (+ SD) of nuchal translucency
for singletons was 0.9 (£ 0.5), whereas in twins it was 0.9 (+ 0.4), again with no
statistically significant difference. Spencer [30] developed a theoretical first-
trimester twin Down syndrome detection model using a fixed 5% false-positive
rate. Nuchal translucency and maternal age detected 75.2% of both discordant
(one twin positive and one twin negative) and concordant Down syndrome twins.
Using free beta hCG, PAPP-A, and maternal age, there was a 51.5% detection
rate if the twins were discordant for Down syndrome and 55.4% detection rate if
they were concordant for Down syndrome. When age, serum screening, and
ultrasound are combined in the first trimester (nuchal translucency, free beta
hCG, PAPP-A, and maternal age), there is a 79.7% detection rate if the twins are
discordant for Down syndrome and 81.3% detection rate if they are concordant
for Down syndrome.

In the United States, most Down syndrome screening is done in the second
trimester. A survey of maternal fetal medicine specialists in the United States in
2001 revealed that of the time they spent on antenatal diagnosis, 87.3% was
devoted to second-trimester screening and 12.7% to first-trimester screening [32].
Second-trimester screening is also based on maternal age, the serum screen, and
ultrasound, or some combination of the three. The second-trimester serum screen
values are approximately twice the level of singleton norms. Wald et al [33]
reported that the mean MoMs for twins were 2.23 for the maternal serum alpha-
fetoprotein, 1.65 MoM for estriol, 2.01 MoM for hCG, and 1.99 MoM for
inhibin-A. Neveux et al [34] calculated theoretical second-trimester serum screen
values for Down syndrome twins. If one twin was affected, the maternal serum
alpha-fetoprotein was 1.89 MoMs and if both were affected it was 1.62 MoMs.
The estriol was 1.47 MoM if one twin was affected and 1.22 MoM if both were
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affected, whereas the hCG was 3.26 MoM if one was affected and 4.51 MoM
when both were affected. False-positive rates for second-trimester serum screen-
ing and amniocentesis rates in twins versus singletons were estimated by
Maymon et al [31]. The false-positive rate for the triple test in twins was 15%
compared with 6% in singletons and the amniocentesis rate was 18.3% in twins
and 7.5% in singletons. The differences in both the false-positive and amnio-
centesis rates were statistically significant. A summary of the efficacy of antenatal
Down syndrome screening in twins can be seen in Table 2.

A survey of 543 maternal fetal medicine specialists in the United States in
2000 found that 97.6% of them used the serum screen for antenatal diagnosis
and 91.5% used ultrasound [32]. Those using ultrasound focused on anomalies in
83.4%, biometry in 77.9%, and the genetic sonogram in 77.9%. Of the markers
identified, the most commonly used were major anomalies, cardiac abnormalities,
nuchal fold thickness, short femur or humerus, echogenic bowel, ventriculome-
galy, and pyelectasis. Markers used less than 50% of the time were echogenic
intracardiac focus, choroids plexus cyst, two-vessel umbilical cord, clinodactyly,
sandal gap, and a wide pelvic angle. When these markers are identified, the Down
syndrome risk can be modified using likelihood ratios, which are the ratio of the
incidence in the exposed over the incidence in the unexposed for each marker.
This risk modification can be done when these markers are found as an isolated
finding or in combination. Using maternal age and the genetic sonogram in
singleton pregnancies, sensitivities for Down syndrome range from 80.5% to
91.2% with false-positives ranging from 4% to 14%. The extension of this
methodology to twin gestations, although intuitively attractive, has not been
critically evaluated.

Ghidini et al [35] reported on 101 twins who had an amniocentesis and
108 twins with no amniocentesis. The miscarriage rate for the twin gestations that
had amniocentesis was 3.5% and without the amniocentesis 3.2%, demonstrating
a slightly higher incidence of miscarriage in the group with the amniocentesis. If
an abnormality is found in one twin, selective reduction is possible. Evans et al
[36] reported on selective reduction in 345 twin pregnancies. The loss at less than
24 weeks was 7% and after 24 weeks was 0.9%. Overall, 12.4% of the twin
pregnancies delivered between 25 and 32 weeks and 79.8% delivered at greater

Table 2

The efficacy of antenatal Down syndrome screening in twins

Test Sens % FPR % LR

Maternal age > 35: United States 2000 [1] 50.2 13.4 3.7
Ist trimester

Maternal age, hCG, PAPP-A [30] 52 5 10.4
Ist trimester

Maternal age, hCG, PAPP-A, NT [30] 80.3 5 16.0
2nd trimester

Maternal age, triple screen [31] 53 5 10.6

FPR, false-positive rate; hCG, human chorionic gonadotropin; LR, likelihood ratio; NT, nuchal
translucency; PAPP-A, pregnancy-associated plasma protein A; Sens, sensitivity.
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than 32 weeks. For triplets the loss rate was 12.8% before 24 weeks and for
quadruplets it was 14.3% before 24 weeks.

Intrapartum use of ultrasound in twin gestations

Multiple gestations pose numerous problems in the delivery room. There is a
higher incidence of prematurity, abnormal fetal lie, abnormal placentation, cord
accidents, and retained placentas. Because of these potential complications, the
authors believe that ultrasound is an essential component in the intrapartum
management of twins. Estimation of fetal weight, fetal lie, and presentation are
best accomplished by ultrasound in twin pregnancies. If the presenting fetus is in
a transverse lie, ultrasound aids in the decision regarding the uterine incision. A
transverse fetal lie with the back down is generally delivered through a vertical
uterine incision. If the fetal lie and estimated weights support a decision for a
vaginal birth, ultrasound is very helpful in visualizing the position of the second
twin during the second stage. Ultrasound can ensure no cord or fetal arms are
presenting. If the operator decides to perform a version of the second fetus the
ultrasound is often useful during the procedure. Even when a breech extraction is
planned, ultrasound can assist the clinician to identify correctly the fetal ankles
aiding in the delivery process.

Summary

The use of ultrasound in the diagnosis of twins, its role of determining
chorionicity, the management of unique twin complications, the value of cervical
length determination in twins, the use of ultrasound in screening for aneuploidy
in multiples, and the intrapartum role of ultrasound in twin gestations have been
reviewed. The availability of high-resolution ultrasound has significantly im-
proved the management of multiple gestations.
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Accurate and effective monitoring of fetal growth is one of the key compo-
nents of prenatal care. Aberrations of fetal growth at both ends of the spectrum
clearly result in higher short- and long-term adverse sequelae: complications for
the growth-restricted fetus include prematurity, stillbirth, and perinatal morbidity,
whereas macrosomic infants have higher rates of traumatic delivery and neonatal
metabolic disturbances. Growth disturbances may have long-term issues for mul-
tiple organ systems that extend well beyond the neonatal period. The current
arsenal of clinical screening methods to identify better abnormally grown fetuses
perform only adequately at best, and in several studies, seem to identify the
small-for-gestational age (SGA) fetus in only one quarter of the cases [1].

Normal fetal growth

Fetal growth is the result of the genetic potential of the fetus that is then in turn
modified by environmental factors. Growth and the maintenance of a normal
growth profile have multifactorial origins. Infant birth weight patterns tend to be
repeated in subsequent pregnancies. In 1979, Bakketeig et al [2] reported that
mothers who gave birth to SGA infants were two to three times more likely to
produce SGA infants in subsequent pregnancies compared with the total popula-
tion. Several studies from the 1980s have found a strong relationship between
maternal and neonatal birth weight, both before and after controlling for mul-
tiple variables [3,4]. In an interesting study of ovum donation, it was discovered
that there was no correlation between ovum donor size and resulting infant birth
weight, whereas the infant birth weight was significantly correlated with the re-
cipient mother’s weight [5].

In any evaluation of fetal growth, an accurately determined gestational age is
of utmost importance. Determination of gestational age from ultrasound biometry

E-mail address: jpll@columbia.edu

0889-8545/04/$ — see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/S0889-8545(03)00121-9



160 J.P. Lerner / Obstet Gynecol Clin N Am 31 (2004) 159-176

performed in the first half of pregnancy is more accurate than menstrual dates [6].
Fundal height measurement and clinical palpation have been found to have a
large range of error, although serial measurements over time may have better
accuracy in identifying growth curve alterations. In a large observational study,
Westin [7] found that symphysis-fundus height measurements in low-risk and
uncomplicated pregnancies were superior to maternal weight gain, maternal girth
measurements, and biochemical analysis for the detection of the SGA infant.

Monitoring of fetal growth is a highly inaccurate process: the estimation of
fetal weight may be in error by at least 20% in over 10% of cases [8]. More than
60 formulas exist to estimate fetal weight from ultrasound measurements, which
confirms that all of these estimates are subject to error [9]. It seems that “normal
fetuses™ (ie, fetuses not destined to be SGA or large-for-gestational age [LGA])
follow their own unique growth curve, which is then reflected in eventual birth
weight. A 10th percentile newborn is usually symmetrically small and continues
at that 10th percentile throughout pregnancy as is a 95th percentile newborn large
in all measurements at each ultrasound visit. Growth-restricted and macrosomic
infants, however, may divert from their expected growth curves as their growth
becomes abnormal.

Historically, fetal size has been measured using standard derivations of three
fetal structures or growth parameters: (1) fetal brain (biparietal diameter [BPD]
and head circumference [HC]); (2) fetal nutritional status (abdominal circumfer-
ence [AC]); and (3) fetal length (femur length [FL]). These three measurements
have been combined in various ways to estimate fetal weight. The most com-
monly used equations for estimated fetal weight are the Hadlock formula and the
Shephard formula, but these formulae are intended for normally grown fetuses
and perform more poorly when applied to growth-restricted or macrosomic in-
fants [10].

Maternal characteristics including weight, height, parity, and ethnic group are
all strongly correlated with birth weight at term. Computer software programs
within ultrasound machines can now link maternal variables with established
growth curves using a multiple regression analysis to calculate individually ad-
justed fetal size reference curves. These specialized growth curves then improve
the prediction of fetal weight gain in both low-risk and high-risk populations, and
have been shown to generate birth weight estimates that are better correlated
with neonatal features of growth restriction, macrosomia, and low Apgar scores
[11,12].

Abnormal fetal growth

Intrauterine growth restriction (IUGR) is a relatively common condition that
affects as many as 5% to 10% of all pregnancies [13]. It is a significant con-
tributor to both perinatal morbidity and mortality. Before ultrasound surveillance,
it was difficult to make an accurate diagnosis of IUGR before birth. Even with the
advent of ultrasound, the definition of true IUGR is imprecise, which leads to
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difficulties in the evaluation, treatment, and follow-up of these at-risk fetuses.
IUGR is usually broadly defined as a fetus with an estimated fetal weight (EFW)
below the 10th percentile for gestational age. There still is no definitive con-
sensus, however, on a particular cutoff percentile. Some authors favor the fifth or
the third percentile for weight based on gestational age, and others have opted for
a population-based approach, such as two or more standard deviations below the
mean [14-16].

Under the broadest definition, using fetal weight below the 10th percentile,
approximately 70% of fetuses are constitutionally small, or SGA rather than true
IUGR [17]. These healthy but SGA infants are not the result of an adverse
intrauterine environment and do not experience a lack of oxygen or nutrients and
are not at increased risk for perinatal morbidity or mortality. It is clear that there
are multiple nonpathologic determinants of fetal size at birth including maternal
ethnic and demographic factors, environmental issues, and socioeconomic con-
ditions. The true definition of [UGR implies a pathologic process that affects
normal fetal growth. As described previously, when compared with normal fe-
tuses of the same age, IUGR fetuses have an increased risk of morbidity and
mortality. This risk continues well into childhood where these previously IUGR
fetuses have higher rates of neurodevelopmental delay and physical handicap,
according to several long-term follow-up studies [18,19].

Weight estimation has been used as the cornerstone of identifying the IUGR
fetus. A multitude of weight prediction formulae and tables have been estab-
lished, typically involving measurement or ratios of various fetal body parts.
These include measurement of head size (BPD or HC); AC; FL; and ratios, such
as HC:AC. Unfortunately, even when based on multiple fetal part measurements,
weight prediction has a wide 95% confidence range of = 15%. Of all the ultra-
sound derived biometric parameters, the AC seems to be the best predictor of
IUGR. When the AC measurement falls below the 2.5th percentile for gestational
age, IUGR may be suspected and correctly identified in approximately 95% of
the cases [20].

The etiology of IUGR has been separated into three different groups, based on
timing and intrauterine environmental issues [21]. The first group is early IUGR,
where there is proportional growth restriction, which begins early in gestation
and is symmetric. The second group consists of growth-restricted fetuses that
were subjected to poor growth factors in the intrauterine environment, and may
be either symmetric or asymmetric. The third group consists of fetuses that have
suffered from decreased placental supply in the last 4 to 6 weeks of pregnancy
resulting in a diminution of the fetal fat stores. These infants are asymmetrically
growth-restricted with an overall weight that is small for their length. Historical
factors including maternal smoking and delivery of a previous growth-restricted
infant also place the patient at higher risk for IUGR. In addition, an interpreg-
nancy interval of less than 9 months increases the risk of IUGR and preterm
delivery [21].

Once a small fetus is suspected, an extensive attempt should be made to
determine the etiology for the [IUGR. A careful sonographic examination should



162 J.P. Lerner / Obstet Gynecol Clin N Am 31 (2004) 159-176

be performed, at an established center with state-of-the-art equipment. This is
primarily a search for associated structural anomalies and chromosomal abnor-
malities. Several studies have reported a 5% to 27% incidence of chromosomal
abnormalities associated with IUGR, as compared with a 0.1% to 4% rate in
control groups of appropriately grown neonates [22,23]. Sonographic findings
that increase the likelihood of a chromosomal abnormality include fetal structural
malformations, often of the head and heart. If a chromosomal abnormality is
suspected, an amniocentesis or percutaneous umbilical blood sampling should be
suggested to the patient and then performed to confirm the diagnosis. Fetuses
with chromosomal disorders, including trisomy 13, 18, and 21, are frequently
growth-restricted from early in gestation, and it has been observed that infants
with other autosomal abnormalities also have smaller than expected growth.
Snijders et al [24] performed fetal blood karyotyping on 458 growth-restricted
fetuses between 17 and 39 weeks gestation and found that 89 (19%) of those
had chromosomal defects, most commonly trisomy 18 [24].

Although less common than chromosomal abnormalities, intrauterine infection
is another common cause of IUGR, perhaps accounting for 5% to 10% of cases
[25]. Primary cytomegalovirus infection before the third trimester is the most
common infectious cause of [UGR, and early fetal infections with parvovirus and
rubella may also impair fetal growth. The association of maternal viremia with
TUGR carries a poor prognosis, with up to a 50% perinatal mortality rate [26].
Maternal serum studies for viral seroconversion should be obtained, and amniotic
fluid viral DNA testing performed when indicated.

The most common maternal medical complications associated with IUGR are
hypertensive disorders or maternal vascular disease. The pathophysiology of vas-
cular disease decreases uteroplacental perfusion and may be responsible for as
many as 25% to 30% of all IUGR infants. Duvekot et al [27] proposed that early
defective volume adaptation to pregnancy is a possible mechanism by which ma-
ternal hypertensive disease predisposes to fetal IUGR. Experimental restriction of
fetal growth results in an asymmetrical pattern of fetal growth restriction whereby
body weight is reduced to a greater extent than crown rump length or girth.
Maternal vascular disease includes chronic hypertension, pregnancy-induced
hypertension, hypertension with superimposed preeclampsia, and preeclampsia
with all its variations. Maternal systolic blood pressure has been reported to be
inversely proportional to infant birth weight across the full birth weight ranges of
both normally grown and growth-restricted infants [28]. Experiments with sheep
have proved that during hypoxemia, blood flow to the brain, heart, and adrenal
glands is increased, and blood flow to the gastrointestinal, renal, and peripheral
vascular beds decreases [29—31]. The redistribution of fetal cardiac output is
critically important for the maintenance of general growth and optimal function of
key organs, such as the brain and the heart. This redistribution of cardiac output
away from peripheral and regional circulations is partly responsible for the sub-
sequent development of IUGR. Several reports have outlined the morphologic
characteristics of placentas complicated by IUGR or preeclampsia [32—34]. Ma-
cara et al [32] reported that the terminal villi in I[UGR placentas were smaller
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in diameter than those in normal placentas, and had thickened basal lamina and
increased stromal deposition of collagens and laminin [32]. Arkwright et al [33]
noted that villous trophoblasts in preeclamptic placentas were phenotypically
immature, and Krebs et al [34] reported that villous capillary loops in IUGR pla-
centas were relatively sparse in number compared with those in normal placentas.
On a molecular basis, one group found that [UGR term placentas have differ-
ent regulating factors regarding apoptosis of placental trophoblasts [35].

The relationship between maternal thrombophilic disorders and IUGR has been
the subject of recent investigation. Certainly, the antiphospholipid syndrome has
an established role in the etiology of adverse pregnancy outcome, including but
not limited to IUGR. A recent review by Alfirevic et al [36] studied the associa-
tion between maternal thrombophilia and adverse pregnancy outcome. These au-
thors suggest that women with preeclampsia, stillbirth, placental abruption, and
TUGR are more likely to have an abnormal thrombophilia screen than women with
no significant obstetric history. Women with IUGR had a higher prevalence of
heterozygosity for the G20210A prothrombin gene mutation, homozygosity for
MTHFR C677T gene mutation, protein C deficiency, and anticardiolipin IgG
antibodies than controls. They conclude that it is unclear which specific thrombo-
philias are implicated in each of the various adverse outcomes [36]. Evaluation of
the congenital and acquired thrombophilic disorders should be performed in
mothers with TUGR fetuses, especially if a previous pregnancy was also affected
by IUGR, or early and severe preeclampsia.

Finally, one study explored the possibility of a familial pattern of transmis-
sion as a cause of IUGR. Ghezzi et al [37] investigated 70 consecutive multi-
parous women with IUGR fetuses and compared this group with 70 controls.
They found that the proportion of women who developed preeclampsia and who
had delivered an IUGR fetus in a previous pregnancy was higher in the [UGR
group than in the controls [37]. After adjusting for preeclampsia, the delivery of a
previous IUGR fetus remained a risk factor for having a subsequent IUGR fetus.
Pedigree analysis conducted in 15 families revealed a familial cluster of IUGR
infants in all families that were investigated.

Diagnosis of intrauterine growth restriction

The diagnosis of [IUGR must begin with the evaluation of the at-risk patient.
There are established risk factors for developing a growth-restricted fetus, which
range from socioeconomic influences to chronic medical conditions. Hyper-
tensive disorders in pregnancy, including both essential hypertension and preg-
nancy-induced hypertension, are established risk factors for poor fetal growth.
Other risks factors include maternal smoking; poor weight gain in pregnancy; low
socioeconomic status; and a previous poor obstetric history, such as IUGR, still-
birth, or neonatal death.

Ultrasound evaluation is considered the cornerstone of diagnosis and surveil-
lance of the growth-restricted fetus. In view of the limitations of using less than
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the 10th percentile for gestational age as the diagnostic criteria for [IUGR, other
fetal sonographic parameters have been proposed as primary tools for identifica-
tion. Benson et al [38—40] have reviewed the predictive value of sonographic
criteria for the antenatal diagnosis of [UGR, including such variables as placental
grade, amniotic fluid volume, BPD, FL:AC ratio, HC:AC ratio, distal femoral
epiphysis, and fetal weight estimation. These retrospective meta-analyses have
found that most sonographic criteria have low positive predictive values for
identifying affected fetuses, and that the straightforward approach of using EFW
less than 10th percentile for gestational age out performs most of the other criteria.
Other studies have confirmed that EFW is among the best predictors of small fetal
size. Smith et al [41], however, suggests using abdominal circumference alone to
predict IUGR. Parameters that provide additional information are amniotic fluid
volume and maternal blood pressure status, hypertensive versus normotensive.
Studies by Deter et al [42] and Hadlock et al [43] from 1982 to 1983 have sug-
gested that serial evaluation of fetal growth is a more appropriate way to diag-
nose IUGR.

It is clinically important to distinguish between the two patterns of growth
abnormalities: symmetric versus asymmetric. Symmetric [UGR is considered the
result of an early intrinsic insult impairing fetal growth, such as a chromosome
abnormality, intrauterine infection, drugs, or congenital malformations. It is theo-
rized that the growth restriction is symmetric because the insult occurred at a
time when fetal growth primarily develops by cell division. Asymmetric IUGR is
believed to be the consequence of extrinsic factors, often from the inadequate
availability of substrate for fetal metabolism. Small liver size and scarce subcu-
taneous fat are the clinical manifestations of this lack of substrate, most commonly
caused by maternal vascular disease and decreased uteroplacental perfusion. Here
the growth restriction is asymmetric because the insult occurred at a time when
fetal growth primarily develops by cell growth, not an increase in cell number.
Symmetric [UGR with a normal interval rate of growth may represent a con-
stitutionally small but otherwise normal fetus.

Management of the growth-restricted fetus

Once a fetus is identified as growth-restricted, a heightened level of surveil-
lance is necessary to limit the risk of hypoxia, morbidity, and even mortality. The
most appropriate timing for delivery depends on the gestational age and assess-
ment of the severity of the fetal condition. For fetuses at term or near term, de-
livery may be indicated when there is little interval growth over a short period
of time, or if fetal lung maturity has been determined. For fetuses at earlier
gestational ages, more remote from term, management of these at-risk fetuses
requires close surveillance and the use of multiple testing modalities. The most
common testing modalities include the biophysical profile, nonstress testing,
amniotic fluid measurements, and interrogation of fetal blood vessels using
Doppler velocimetry [44].
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Doppler

It has been well established that the use of Doppler velocimetry can sig-
nificantly reduce perinatal death and unnecessary induction of labor in the preterm
IUGR fetus [45]. Doppler velocimetry evaluates the impedance of flow through
selected fetal vessels in an effort to assess the fetal condition. Surveillance with
Doppler is based on the premise that the fetal condition is reflected by circulatory
changes. Doppler indices reflect downstream blood flow resistance, measuring
afterload and preload, depending on whether the arteries or veins are interrogated,
respectively. In hypoxic fetuses, preferential blood flow is distributed to the brain,
heart, and adrenal glands. In Doppler studies, this is reflected in decreased re-
sistance in these three vascular beds.

The redistribution of blood flow is the principle mechanism by which the
IUGR fetus preserves adequate oxygenation in the central nervous system. The
fetus first adapts to hypoxemia by instituting vasoconstriction at the level of
the somatic blood vessels, whereas vasodilatation is observed at the level of the
cerebral vessels. This is known as the “brain sparing” effect [46].

The two most common vessels studied in the fetal circulation are the umbilical
artery and the middle cerebral artery. Angle-independent parameters are used and
primarily consist of systolic-diastolic ratio, pulsatility index, and resistance index.
More recent studies have looked at the fetal venous system and have found that
the TUGR fetus seems to be at even greater risk of hypoxia or mortality when
Doppler abnormalities are observed in the ductus venosus and the umbilical vein
[47,48].

The umbilical artery has been the most extensively studied arterial vessel in the
fetal circulation. Multiple retrospective and prospective studies have shown that
abnormal umbilical artery waveforms are associated with adverse outcome [49].
In the usual state, the fetoplacental unit acts as a unified low-resistance system
with very little impedance against blood flowing through the umbilical arteries.
As the pregnancy progresses and the placenta mature, there is more development
of tertiary stem villi leading to an increase in end-diastolic flow [50,51]. Gold-
krand et al [52] has recently published normative data for expected blood flow
in the umbilical artery from 18 weeks gestation to full term. A continuous decline
in the umbilical artery resistance over the course of the pregnancy strongly cor-
relates with normal and expected birth weight, low risk of fetal distress, or neo-
natal complications [53,54].

Diseases that destroy small muscular arteries in the placental tertiary stem villi
result in increased impedance to flow in the umbilical artery. As the condition
progresses, placental resistance increases with a progressively decreasing end-
diastolic flow, until the umbilical artery has absent or even reverse end-diastolic
flow. Absent or reverse end-diastolic flow in the umbilical arteries predicts poor
fetal outcome and an advanced stage of placental compromise. By the time reverse
end-diastolic flow is present, it is estimated that more than 70% of the placenta’s
arteries have been obliterated [55,56]. Several authors have suggested that the
severity of the fetal compromise may be predicted by the extent of the abnormality
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of the Doppler study [57,58]. Oligohydramnios, low birth weight, abnormal fetal
testing, emergent cesarean section for fetal distress, and even stillbirth are all
features of growth-restricted fetuses with deteriorating umbilical artery Doppler.

Fetal brain sparing is the first response to hypoxia. Doppler interrogation of
the middle cerebral artery may also be used to evaluate fetal well-being. Fetal
brain sparing during hypoxia is characterized by an increase in the mean blood
flow velocity and systolic velocity. The middle cerebral artery, located in the cir-
cle of Willis, is perpendicular to the cerebral midline, which then allows for the
Doppler signal to be easily positioned along the mid-portion of the vessel, spe-
cifically the proximal portion of the vessel, immediately after its origin at the cir-
cle of Willis. The two middle cerebral arteries (right and left) are major branches
of the circle of Willis, and are supplied by the internal carotid arteries and the
vertebral arteries. When a fetus is oxygen deprived, there is a central redistribu-
tion of blood flow, resulting in preferentially increased blood flow to the brain,
heart, and adrenals. This redistribution of blood flow to vital organs and away
from peripheral circulations is the primary fetal adaptation to oxygen depriva-
tion and is an early response. The brain-sparing effect of this redistribution of
flow may be identified by increased end-diastolic flow in the middle cerebral ar-
tery, which is reflected by a lower pulsatility index or resistance index.

In a series of IUGR fetuses with abnormal umbilical pulsatility indexes,
Capponi et al [59] demonstrated that the best predictor of hypoxia at cordocente-
sis was the middle cerebral artery pulsatility index. One of the criticisms of using
middle cerebral artery Doppler is that its prognostic utility is limited because
abnormalities are often preceded by abnormalities of the umbilical artery Doppler
and asymmetric abdominal circumference growth [60]. The measurement may be
used in conjunction with other Doppler and non-Doppler investigations, however,
to diagnose better those IUGR fetuses at greatest risk.

Doppler waveforms of the middle cerebral artery provide valuable information
regarding the difficult differentiation between the growth-restricted fetus and a
constitutionally small one. Normal amniotic fluid volume, normal middle cerebral
artery Doppler waveforms, and normal umbilical artery parameters in a small fetus
are reassuring and essentially exclude adverse perinatal outcome.

There are multiple other fetal vessels that have been studied in the evaluation of
the growth-restricted fetus. The proposed pathophysiology of severe growth re-
striction contends that the underlying placental disease triggers compensatory
hemodynamic changes which, if they worsen, lead to hemodynamic decompen-
sation. The duration of the compensatory phase is variable and seems not to have
deleterious short-term consequences if identified promptly. When the compensa-
tory mechanisms reach their limit, hemodynamic decompensation occurs with
depressed myocardial function. Abnormal fetal venous Doppler waveforms are
associated with this decompensatory period. Fetal venous Doppler measurements
reflect the physiologic status of the right ventricle, thereby providing important
data about the fetal circulation. The umbilical vein, inferior vena cava, and duc-
tus venosus are the vessels most commonly studied in the fetal venous circula-
tion, although one author believes that the ductus venosus is the vein of choice
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[61]. These venous vessels provide specific information regarding right ventricu-
lar preload, myocardial compliance, and right ventricular end-diastolic pressure
[62-66].

The inferior vena cava can be interrogated at two locations: the inlet into the
right atrium or the segment of vessel between the renal vein and the ductus venosus.
The shape of the inferior vena cava waveform is triphasic: the first part correlates
with ventricular systole, the second with early diastole, and the third with late
diastole. The inferior vena cava has been determined to be of limited clinical value
because the waveform and its indices are known to have wide variation within
normal fetuses with a poor predictive value for asphyxia or stillbirth [62,63,65].

Ductus venosus waveforms may be obtained from a transverse sonographic
view of the fetal abdomen at the same level that the abdominal circumference is
obtained. The ductus venosus can be identified as it branches from the umbilical
vein. These waveforms are biphasic in shape, the first phase corresponding to
ventricular systole, the second to early diastole, and the nadir of the second phase to
late diastole. The ductus venosus is a primary regulator of venous return in all
fetuses, is responsive to changes in oxygenation independent of cardiac function,
and is readily imaged. Chronic fetal hypoxemia raises central venous pressure that
can be measured as an increased reverse flow in the Doppler waveforms of the
inferior vena cava and the ductus venosus during late diastole. This is considered
to be an advanced stage of fetal hypoxemia and cardiac decompensation may also
be present or quickly follow. A retrograde ductus venosus atrial wave has been
found to be a strong predictor of perinatal mortality and neonatal circulatory
collapse [53,61]. Although it has been proposed that monitoring fetal ductus ve-
nous with Doppler may help to identify fetuses at risk of decompensation, studies
by Hecher et al [67] and Baschat and Weiner [53] suggest that the benefit may be
of limited value for a very short interval of time. Clearly, abnormal venous Dopp-
ler studies suggest a higher likelihood of adverse perinatal outcome, and immedi-
ate delivery may be considered.

Hecher et al [67] followed IUGR fetuses longitudinally after 24 weeks of
gestation and found abnormal findings occur in the following order: umbilical
artery pulsatility index, amniotic fluid index, middle cerebral artery, aorta, short-
term heart rate variability, ductus venosus, and inferior vena cava. In a recent
meta-analysis of 14 randomized controlled trials, perinatal mortality was signifi-
cantly lower in the pregnancies monitored with Doppler, and this held true in both
pregnancies with [IUGR-preeclampsia and those considered to be general high-risk
[68]. In the IUGR-preeclampsia studies, the number of obstetric interventions was
significantly reduced in pregnancies monitored with Doppler ultrasound including
antenatal admissions, inductions of labor, and cesarean sections.

Biophysical profile

The biophysical profile evaluates fetal well-being using amniotic fluid volume
and three dynamic ultrasound variables: (1) fetal breathing, (2) fetal movement,
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and (3) fetal tone. Nonstress tests are sometimes used as a fifth, nonsonographic
parameter. Fetal behavior develops along previously established gestational
periods, and also exhibits diurnal and responsive behavior. Although a complete
five component biophysical profile best correlates with fetal status, each pa-
rameter might be impacted by the presence of intrauterine hypoxia. Placental
dysfunction or fetal hypoxia may cause fetal oliguria and consequently oligohy-
dramnios. Observational studies have shown that growth-restricted pregnancies
complicated by oligohydramnios have a markedly increased risk of perinatal
mortality [69]. Abnormal findings in any of the individual components of the
biophysical profile require further investigation or follow-up. Often management
is based on gestational age and the degree of abnormality of the biophysical
profile in conjunction with the severity of the IUGR. Although many fetuses have
been studied with biophysical profile, there is little evidence for its utility from
randomized trials [70].

Cardiotocography

Antepartum cardiotocography has become widely accepted as a primary
method of fetal monitoring in high-risk pregnancies. At present, however, there
is not sufficient evidence from randomized controlled trials that use of cardio-
tocography actually leads to a reduction in perinatal morbidity and mortality, or
actually improves perinatal outcome [71—73]. Although several characteristics of
the fetal heart are assessed by cardiotocography, variability is considered most
important. Heart rate variability involves the interaction of the sympathetic and
parasympathetic innervation of the fetal heart, and is the outcome of the rhythmic
and integrated activity of autonomic neurons generated by organized cardiores-
piratory reflexes. One of the criticisms of cardiotocography is large interobserver
and intraobserver variability in the visual interpretation of cardiotocography
tracings [74,75]. Several investigators have begun using computerized analysis of
cardiotocography, which improves the reliability of fetal heart rate evaluation in
clinical practice [76].

Although it demonstrates a wide variety of values in the normal fetus, the most
reliable single parameter of the fetal condition is variability of the baseline heart
rate. Investigators have shown that the heart rate tracings of IUGR fetuses
typically have higher baselines and decreased baseline variability and delayed
maturation of reactivity [77,78]. A progressive reduction in baseline variability
has shown to be associated with deterioration of fetal oxygenation.

There are several studies in the literature that have demonstrated that fetal
heart rate patterns are closely related to fetal respiratory and metabolic status, es-
pecially in cases of ITUGR [79,80]. Ribbert et al [79] performed cordocentesis
immediately after obtaining a 60-minute cardiotocography record in 25 cases
of IUGR. They discovered that fetal blood Po, and pH were significantly different
in these IUGR cases when compared with normal values. They also found that
there was a direct correlation between fetal heart rate variability, Po,, and pH
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in these IUGR fetuses. Smith et al [80] evaluated the correlation between fe-
tal heart rate and biochemical measurements from cord samples in patients de-
livered by cesarean section. These authors found that fetuses with abnormal fetal
heart rate patterns exhibited lower umbilical artery Po, values than those at a
matched gestational age but with normal tracings. This study demonstrated that
measurements of fetal heart rate variability can help identify fetuses that may be
becoming hypoxemic.

In the absence of clearly abnormal patterns, cardiotocography provides little
additional insight into fetal well-being. A normal cardiotocography is associated
with a stillbirth rate of 1.9 per 1000 cases within 7 days [81]. As a result, it has
been suggested that other parameters must be used to evaluate more fully fetal
and maternal status [44].

Macrosomia

The most commonly used definition for macrosomia is a birth weight greater
than 4000 g, but as in growth-restricted infants, identification of the at-risk fetus
is improved by using the definition of birth weight percentile for a given gesta-
tional age. A label of LGA is considered when an estimated fetal weight is above
the 90th percentile. The rate for LGA infants in the general population should
be approximately 10% by this definition, whereas the rate of macrosomia defined
as an EFW greater than 4000 g is approximately 8% in the same general low-risk
population [81]. Seventy percent of these LGA infants are constitutionally large
and not disease related, whereas the other 30% are presumably caused by mater-
nal diabetes and hyperglycemia during pregnancy. The prevalence of macroso-
mia is increased dramatically when the mother has diabetes and may affect as
many as 15% to 45% of these fetuses [82]. Pedersen’s [83] theory suggests that
maternal hyperglycemia causes fetal hyperinsulinemia and this in turn causes
fetal macrosomia [83]. This theory has been modified to include also the contri-
butions of other metabolic components, such as lipids, amino acids, and insulin
growth factor.

Most LGA infants are born to normoglycemic women and the strongest risk
for having a macrosomic neonate is maternal obesity, even among diabetic women
[84—86]. Fetal macrosomia resulting from maternal diabetes is considered
different from LGA fetuses in nondiabetic women, and is supported by evidence
that within any given birth rate percentile, the infants of diabetic mothers have
a disproportionate rate of shoulder dystocia [87]. Clearly, LGA infants of non-
diabetic mothers are also at risk for shoulder dystocia, with a twofold to threefold
increased risk above the general population. The additional risk for shoulder
dystocia in diabetic mothers seems to be the result of the different body mor-
phometry in their infants. Estimated fetal weight curves have tried to incorporate
this morphometry to identify better a macrosomic infant in a diabetic mother and
several specialized growth curves have been developed to try and improve
accuracy. Benson et al [88] tested several different established formulas and even
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tried to devise customized formulas in diabetic pregnancies. In 160 diabetic
infants, they discovered that their relative error had standard deviations of 12%
to 13%, and that their best attempt at a customized formula had a standard devia-
tion of 11%. Landon et al [89] took three separate readings of HC, AC, and FL
in the third trimester and found no difference between LGA and normally grown
infants in HC and FL growth, but there was a difference in AC growth between
the two groups after 32 weeks [89]. Because there is not always the ability to
perform serial measurements, a single AC greater than two standard deviations
above the median also performed well in identifying the LGA infant [89].

Despite the clear association between macrosomia and shoulder dystocia, most
infants with macrosomia do not experience shoulder dystocia. Although not a
consistent finding in the literature, the only described correlation between birth
weight and shoulder dystocia is in fetuses born to diabetic mothers with birth
weights greater than 4500 g [90-92].

Ratios of biometric measurements may identify LGA infants with greater
precision than simple EFW alone. Hadlock et al [93] and others [89,94—96] have
evaluated the FL:AC ratio and established cutoffs for macrosomia: Hadlock’s
group [93] used a ratio of less than 20.5% as a cutoff for macrosomia, whereas
Landon et al [89] preferred using 21%. Other ratios have been proposed that
incorporate measurements of soft tissue thickness to evaluate better those infants
most at risk for macrosomia and a traumatic delivery. Santolaya-Forgas et al [94]
measured fetal subcutaneous tissue at the level of the femoral diaphysis and
incorporated this measurement into a tissue:FL ratio. Other investigators have
measured cheek-to-cheek diameters and BPD and chest diameter equations
[95,96]. These techniques were able to identify the macrosomic infant but did
not improve on the accuracy of previously described tests.

Rouse and Owen [97] reviewed 13 studies to derive an estimate of ultra-
sound’s overall sensitivity and specificity for the detection of macrosomia at both
the 4000 g and 4500 g threshold [97]. They estimated that over 8% of infants
of nondiabetic mothers had birth weights between 4000 and 4500 g, and 1.5%
had birth weights of 4500 g or more. In contrast, infants born to diabetic mothers
had a greater proportion of LGA babies: 17% of infants weighed at least 4000 g,
and 6.1% greater than 4500 g. Unfortunately it is difficult to apply these
parameters to clinical practice because of the known inaccuracy of ultrasound.
This same group applied their baseline sensitivity and specificity estimates to a
hypothetical group of 100 term pregnant women. Although ultrasound identified
16 of those fetuses as having macrosomia, only 7 were actually macrosomic.
As well, 5 of the 12 fetuses born macrosomic were incorrectly identified as being
of normal weight. As a result, this group also supports the caution of others’
when considering a policy of prophylactic cesarean delivery for suspected fetal
macrosomia [97].

Recently, attention has turned to the evolving technology of three-dimensional
ultrasound to predict fetal weight more accurately, specifically for the LGA fetus.
Although two-dimensional ultrasound formulae are clearly the gold standard at
the present time, research regarding the validation of new birth weight prediction
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formulae based on fetal volumetric parameters is underway. Jeanty et al [98] was
among the first investigators to suggest the use of limb volume to assess fetal
growth, but the existing two-dimensional technology back in 1985 was limited.
Standard two-dimensional technology was used to calculate limb volumes using
generated circular and elliptical measurements. This process of volumetric bi-
ometry using two-dimensional ultrasound was time consuming, technically dif-
ficult, and not clinically practical.

Several formulae have been developed using three-dimensional sonography
to measure fetal volumes. Measurements of upper arm and fetal thigh volumetry,
limb circumference measurements, and birth weight prediction by volume of fe-
tal thigh and abdomen have all been described. Favre et al [99] introduced three-
dimensional sonography for the clinical application of fetal weight estimation in
1993. This group developed several different models of fetal weight estimation
using simultaneous visualization of two perpendicular planes. A pilot study of
157 well-dated patients established normograms for volumetric formulae. This
pilot study was followed by a prospective study of 213 patients where the value
of the formulae was confirmed [100]. Fetal thigh circumference was found to be
most useful for SGA fetuses, whereas arm circumference was used for appropriate
for gestational age (AGA) and LGA fetuses. The greatest degree of accuracy was
obtained among LGA fetuses where the standard deviation of mean error was
8.8%. More recent work by this group abandoned single-slice measurements and
now uses a technique of serial slicing and integration to measure more accurately
the volume of the fetal limb being investigated.

Investigators have measured other fetal parameters in combination. In 2001,
Lee et al [101] described the prediction of fetal birth weight based on three-
dimensional measurements of the upper arm, thigh, and abdomen. Estimated fetal
weight determined by this technique correlated well with actual birth weight. It
seems that three-dimensional sonography may play a role in the estimation of
accurate birth weights, especially at the traditionally less accurate extremes of
birth weight percentiles.

Prediction of macrosomia by clinical examination or sonographic technique
is limited by the high false-positive and false-negative rates inherent in the
performance of these tests. Clearly, continued research is necessary in this area.
Sonography laboratories should try to improve their own predictive performance
by establishing receiver-operator curve analysis on their own clinical data and
outcomes. Separate curves then need to be derived for complicated pregnancies,
such as those with diabetes or multiple gestations. It is only with this continued
approach that the best prediction of clinical outcome and timing of delivery
may be ensured.

Summary

Accurate monitoring of fetal growth is one of the most critically important
components of prenatal care. Whether too large or too small for gestational age,
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the ramifications of abnormal fetal growth have both short-term and long-term
sequelae for early neonatal life and beyond. Although not perfectly accu-
rate, ultrasound and other monitoring technologies have markedly improved the
ability to follow abnormalities of fetal growth and to decide if early intervention or
early delivery is necessary. Clearly, perinatal morbidity and mortality are de-
creased with close surveillance of these at-risk fetuses.
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The advent of prenatal ultrasound has not only allowed clinicians to obtain
more information about fetal anatomy, but also about the intrauterine environ-
ment through the evaluation of the amniotic fluid volume, fetal membranes, the
umbilical cord, and the placenta. Evaluation of these entities is an integral part of
every sonographic evaluation. This article reviews various conditions that can be
detected by prenatal ultrasound evaluation.

Amniotic fluid

Sonographic evaluation of the amniotic fluid volume

The amniotic fluid volume is the sum of the inflows and outflows of the am-
niotic sac and is a reflection of the intrauterine environment. In early gestation,
before the development of fetal urination and swallowing, the amniotic fluid is
likely formed by active transport by the amnion into the amniotic space and water
is allowed to flow passively [1]. In later gestation, when the fetal skin is kera-
tinized, the major pathways include fetal urination, fetal swallowing, fetal lung
fluid secretion, and intramembranously [1].

Ultrasound visualization of the amniotic fluid permits both subjective and
objective estimates of the amniotic fluid volume. Examination of the amniotic
fluid volume has become an integral part of both routine and targeted ultrasound.
Subjective evaluation of the amniotic fluid volume is usually performed in preg-
nancies less than 20 weeks gestation; however, the use of a numerical estimate
provides a more accurate assessment of fluid volume over time, allowing com-
parisons on follow-up. Normal amniotic fluid volumes have been defined across
gestational age with a progressive increase from 8 weeks gestation to a peak of
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800 mL at 32 weeks gestation, followed by a slow decline to term and beyond
[2]. Using dye dilutional studies, Didly et al [3] showed a correlation between
previously reported amniotic fluid indices and term pregnancy volumes [2].

Abnormalities of the amniotic fluid volume have been associated with adverse
perinatal outcome and may be a marker for other fetal abnormalities, such as con-
genital malformations, aneuploidy, and growth restriction. For example, oligohy-
dramnios in the absence of premature rupture of membranes can be associated
with urinary tract abnormalities, such as renal agenesis.

Several ultrasound techniques have been described to estimate the amniotic
fluid volume. In 1984, Chamberlain et al [4] introduced the concept of using the
depth of the maximum vertical pocket. This semiquantitative estimate measured
the deepest pocket of amniotic fluid free of umbilical cord or fetal parts in the
anteroposterior plane of the uterus. The amniotic fluid volume was considered
normal if the maximum vertical pocket was greater than 2 cm and less than 8 cm.
Oligohydramnios was defined as a pocket less than 1 cm in depth and poly-
hydramnios was defined as a pocket over 8 cm. In subsequent studies, the single
deepest pocket technique was shown to have several shortcomings. The amniotic
fluid index (AFI) was introduced as a more reliable estimate of the amniotic fluid
volume [5]. This technique involves dividing the uterus into four quadrants
summing the deepest vertical pockets free of umbilical cord or fetal parts. The
normal range of AFI in a population of patients at increased risk for poor peri-
natal outcome and already undergoing antenatal testing was defined as greater
than 8 and less than 18 cm [5].

Moore and Cayle [6] established normal limits of AFI per week of gestation in
normal pregnancy. Oligohydramnios (5th percentile) was defined as less than
7 cm and polyhydramnios (95th percentile) greater than 21 cm. An AFI of less
than or equal to 5 cm was seen in less than 1% of normal term patients and an
AFTI of greater than 18 cm was seen in 15% of the normal population. Magann
et al [7] introduced the two-diameter semiquantitative measurement of the
amniotic fluid volume where the vertical depth of the maximum vertical pocket
is multiplied by the largest horizontal diameter again free of umbilical cord or
fetal parts. Recently, this group performed a large-scale study comparing the
AFI, single deepest pocket, and two-diameter pocket in normal pregnancies.
They concluded that the AFI was the most acceptable method for assessing fluid
status in a singleton gestation [8].

Disorders of the amniotic fluid volume

Oligohydramnios complicates 0.5% to 8% of pregnancies and the prognosis
for pregnancies complicated by oligohydramnios is gestational age—dependent.
Fetal urination is a major source of amniotic fluid in the second half of pregnancy
and any condition preventing formation of urine or entry into the amniotic sac
results in oligohydramnios. In a series of 128 fetuses with severe oligohydram-
nios in the mid-trimester (13 to 24 weeks gestation), fetal abnormalities were
detected in 51%, premature rupture of membranes in 34%, abruption in 7%, and
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Fig. 1. Anhydramnios at 19 weeks gestation. There is no measurable pocket of fluid. The fetus is in
close approximation to the placenta.

growth restriction in 5%. Aneuploidy was found in almost 1% of anomalous
fetuses and in only 4% of cases no cause was detected [9].

The diagnosis of oligohydramnios is obtained by ultrasound evaluation of an
AFI less than 5 cm at term (greater than 2 standard deviations below the mean);
less than 8 cm before term; or a fluid pocket less than 2 cm (Figs. 1 and 2) [7].
Oligohydramnios with intact membranes warrants a comprehensive evaluation to
detect possible fetal and placental abnormalities, growth restriction, or aneu-
ploidy. Indigo carmine dye injected into the amniotic fluid cavity may facilitate
the diagnosis of rupture of membranes if dye is seen on a tampon inserted into the
vagina. Elevated maternal serum alpha-fetoprotein levels have also been linked
to oligohydramnios, intrauterine growth restriction, preterm delivery, and fetal
demise [10].

Several studies have correlated the AFI with perinatal outcome [4,11-13].
Chamberlain et al [4] reported a 13-fold increase in perinatal mortality if the am-
niotic fluid volume was marginally decreased and a 47-fold increase when severe
oligohydramnios was present. The most common high-risk factors associated
with oligohydramnios are intrauterine growth restriction and postterm pregnancy
[4,12]. In a meta-analysis in 1999, an antepartum and intrapartum AFI of less
than 5 cm was associated with an increased risk of cesarean section delivery for
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Fig. 2. Oligohydramnios. One pocket of fluid measuring less than 2 cm.
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nonreassuring fetal heart rate tracings and Apgar scores of less than 7 at 5
minutes [11].

The addition of color flow Doppler has been reported to decrease significantly
the measured AFI and increase the diagnosis of oligohydramnios [14,15]. The
question of whether color Doppler should be used routinely remains controversial
because the current normograms were obtained without the use of color Doppler.

Polyhydramnios

Polyhydramnios is defined as an AFI greater than the 95th percentile for
gestational age or a maximum vertical pocket greater than 8 cm (Fig. 3) [5,6,8].
Polyhydramnios complicates approximately 1% of all pregnancies. Ultrasound
evaluation of the amniotic fluid allows polyhydramnios to be classified as mild if
the maximum pocket is between 8 and 11 cm, moderate if the maximum pocket is
12 to 15 cm, and severe if the maximum pocket is over 16 cm [16]. The latter
occurs in less than 5% of all cases of polyhydramnios. The degree and prognosis
of polyhydramnios is related to the underlying etiology. When a diagnosis of
polyhydramnios is made, careful evaluation of the fetal anatomy is warranted.
Fetal abnormalities of the central nervous system, gastrointestinal tract, and mus-
culoskeletal system have been reported [16,17]. Because fetal swallowing is an
important mechanism in controlling the AFI, such abnormalities as duodenal or
esophageal atresia are often associated with increased fluid volume (Fig. 4).
Polyhydramnios is seen in 35% of cases of anencephaly [18]. The possible
pathogenesis includes transudation of the exposed meninges and lack of
antidiuretic effect because of impaired arginine vasopressin secretion.

Although many cases of polyhydramnios are idiopathic, when a cause is found
almost 80% have moderate or severe polyhydramnios [19]. Idiopathic polyhy-
dramnios, usually in the mild range, although associated with macrosomia and
cesarean delivery, has not been associated with adverse perinatal outcome [19].
Maternal diabetes, fetal infection, aneuploidy, and multiple gestations have also
been associated with polyhydramnios [17—19]. Polyhydramnios that develops
secondary to maternal diabetes is less well understood. Maternal hyperglycemia
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Fig. 3. Amniotic fluid pocket measuring 14.8 cm consistent with polyhydramnios.
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Fig. 4. Double bubble sign associated with duodenal atresia in a fetus with polyhydramnios.

causes fetal hyperglycemia, which may lead to osmotic diuresis, increased glo-
merular filtration rate, and urinary output [1].

Amniotic fluid volume in multiple gestations

Estimating the amniotic fluid volume in multiple gestations can be challenging
because of the irregularity of the cavities occupied by each fetus and the ability to
locate the separating membrane. Magann et al [20] compared the AFI, maximum
vertical pocket, and two-diameter pockets in 45 dichorionic-diamniotic twin ges-
tations where dye had been injected into each sac. When the AFI was normal, all
three techniques were equivalent.

Membranes

Amnion rupture sequence or amniotic band syndrome

The amnion rupture sequence, commonly known as “amniotic band syn-
drome,” is a cause of fetal deformations involving the limbs, trunk, and cra-
niofacial region. Most cases are sporadic with reported incidence ranges from 1 in
1200 to 15,000 live births [21]. This discrepancy in incidence rates is likely
caused by misdiagnoses. The clinical manifestations of amniotic band syndrome
vary from minor deformities, such as syndactyly, to severe and even lethal
anomalies [22].

Several theories have been proposed to explain the occurrence of these
anomalies [23—25]. The amnion and chorion normally fuse by 14 weeks; how-
ever, separation may persist into the second trimester and may be a normal
finding. Persistence after 16 weeks may be associated with amnion rupture, sub-
chorionic bleed, and early amnion rupture sequence. Rupture of the amnion with-
out rupture of the chorion leading to transient oligohydramnios and passage of
the fetus from the amniotic to the chorionic cavity is one of the most widely
accepted theories [23]. The variable phenotype seen with amniotic band syn-
drome has been attributable to the timing of the rupture. Early rupture, within
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Fig. 5. Amputation of the fetal hand from suspected amniotic band syndrome.

45 days of gestation, leads to the most severe malformations, particularly of the
central nervous system, face, and viscera. Amniotic bands may tear or disrupt
previously normally developed structures leading to amputations and nonana-
tomic facial clefts (Fig. 5) [25].

Amniotic band syndrome may be detected sonographically by demonstrating
fetal deformities in a nonembryologic distribution or by the visualization of bands;
the latter may be extremely difficult [22,25]. The appearance of sheets or bands of
amnion attached to the fetus with resultant deformity or restriction of motion
allows an accurate diagnosis to be made (Fig. 6). Cranial involvement may be
detected as anencephaly and facial clefts; visceral involvement may result in
omphalocele or bladder exstrophy; and various limb deformities, such as con-
striction rings, lymphedema, amputations, and clubfoot, may occur [25]. The most
common defect is constriction bands of the extremities [25]. Constriction of the
umbilical cord and subsequent fetal demise has also been reported [22].

The antenatal course is dependent on the nature of the lesions and extent
of the malformations [24,25]. Management may depend on the severity of the
sonographic findings, and includes expectant management or termination of
pregnancy. Amniocentesis should be offered if the diagnosis remains unclear.
Crombleholme et al [21] reported on fetal intrauterine intervention in the lamb
model with release of constrictive lesions.

Fig. 6. Note the presence of amniotic sheets in the upper right corner (arrow).
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Fig. 7. Amnion nodosum. Small echogenic nodule along the membranes of a donor twin in a case of
twin-to-twin transfusion syndrome (arrow).

Amnion nodosum

Amnion nodosum are nodules seen in the amnion that on pathologic review
are often called squamous amnionic metaplasia. These nodules can vary in size
from 1 to 5 mm in diameter and are composed of ectodermal debris, including
vernix, hair, squames, and sebum. They are associated with oligohydramnios and
are most commonly found in fetuses with renal agenesis, prolonged premature
rupture of membranes, or the placenta of a donor twin in twin-to-twin transfusion
syndrome (Fig. 7). The clinical significance of amnion nodosum is unknown.

Umbilical cord

The sheathing of the body stalk and omphaloenteric duct forms the umbilical
cord during the embryonic period by the amniotic somatopleura. Sonographi-
cally, the umbilical cord can be seen as early at 42 days gestation and is well
established by 8 to 9 weeks (Fig. 8). Transvaginal evaluation has enabled
visualization of the physiologic herniation of the midgut, which occurs between
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Fig. 8. Umbilical cord in the first trimester.



184 T. Marino / Obstet Gynecol Clin N Am 31 (2004) 177-200

Table 1
Abnormalities of the umbilical cord

Abnormal length
Absence of the umbilical cord
Abnormal cord insertion
Marginal insertion
Velamentous insertion
Vasa previa
Distortional abnormalities
Loops
Knots
Coiling
Entanglement
Abnormalities of vessel number
Single umbilical artery
Persistent right umbilical vein
Umbilical cord masses and vascular malformations
Cysts
Umbilical cord hematoma
Umbilical vein or artery thrombosis
Umbilical vein varix
Umbilical artery aneurysm

Modlified from Abnormalities of the umbilical cord. In: Bianchi DW, Crombleholme TM, D’Alton ME,
editors. Fetology. New York: McGraw Hill; 2000; with permission.

6 and 10 to 12 weeks gestation. The umbilical cord is composed of three vessels:
two arteries and one vein arranged in a spiral or helical fashion within the cord.
It also contains specialized mucopolysaccharide-rich mesenchyme known as
“Wharton’s jelly” that protects the cord from compression. Abnormalities in
the number of vessels including a two-vessel cord and persistent right umbilical
vein have been reported (Table 1) [26—28].

The sonographic evaluation of the umbilical cord includes the number of ves-
sels, the observation of coiling and looping of the cord, and Doppler velocimetry
studies. The cord is evaluated at the fetal insertion site along the fetal abdominal
wall, at the placental insertion site, and at a segment floating in the amniotic fluid.
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Fig. 9. Normal umbilical cord with Doppler color showing two umbilical arteries around the fe-
tal bladder.
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Fig. 10. Normal umbilical cord in cross-section demonstrating three vessels. The umbilical vein has
the larger diameter.

A normal cord with two umbilical arteries can be confirmed on transverse section
by visualizing two vessels lateral to the fetal bladder (Figs. 9 and 10).

The umbilical cord grows by tension as a result of fetal movement. The mean
length of a term umbilical cord is 60 cm. A short cord is defined as less than
35 cm at term [28]. Measurement of the umbilical cord by sonographic eval-
uation, however, is not routinely performed.

Coiling of the umbilical cord is believed to provide protection against forces,
such as tension, compression, and entanglement. Although up to 30% of umbili-
cal cords are uncoiled at 20 weeks gestation, less than 5% lack vascular coiling at
term [29]. Uncoiled umbilical cords have been associated with increased perinatal
morbidity and mortality including intrauterine growth restriction, oligohydram-
nios, fetal anomalies, preterm delivery, and fetal demise [30].

Knots of the umbilical cord are classified as true or false knots. Prenatal di-
agnosis of true and false knots is extremely challenging, because there are no
typical prenatal sonographic characteristics. Rarely, a vascular protuberance
along the cord can be seen with false knots [31].

The umbilical cord frequently becomes coiled around fetal parts, particularly
the neck, termed a “nuchal cord.” Sonographic detection was first reported by
Jouppill and Kirkinen [32]. Nuchal cords may be present in 25% of pregnancies;
however, a single nuchal loop is most likely an incidental finding not associated
with fetal morbidity and mortality. The incidence of perinatal death secondary to
a nuchal cord is very low. The presence of multiple nuchal cords has been asso-
ciated with moderate to severe variable deceleration while monitored in labor,
meconium-stained amniotic fluid, need for resuscitation, and lower umbilical
artery pH [33]. Sensitivity with color Doppler to detect a nuchal cord is over
80%, which is higher than conventional gray-scale ultrasound [34].

Nyberg et al [35] reported the first case of ultrasonographic evidence of cord
entanglement in a monochorionic-monoamniotic twin gestation. Ultrasound
evaluation and color Doppler notes a mass-like structure between the two fetuses.
Each umbilical cord should be traced to each of the twins (Fig. 11).
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Fig. 11. Mass of entangled umbilical cords in a monochorionic-monoamniotic twin gestation.

Single umbilical artery

Single umbilical artery (SUA) is one of the most common congenital
abnormalities with an incidence of about 1% of all pregnancies. Possible mecha-
nisms giving rise to a SUA include primary agenesis of one artery, atrophy or
atresia of a previously present artery, and persistence of single alloantoic artery.
The left umbilical artery is more commonly absent [26]. SUA is a developmental
abnormality with no known recurrence risk.

Ultrasonographic imaging has permitted the prenatal diagnosis of a SUA and a
cross-section of the umbilical cord has become an integral part of every prenatal
sonogram. The infrarenal portion of the umbilical arteries can be seen on trans-
verse section lateral to the fetal bladder. Absence of one of the arteries confirms a
SUA (Figs. 12 and 13). Diagnosis of a SUA has been associated with increased
perinatal morbidity and mortality mostly because of an association with congeni-
tal malformations, the incidence of which may be 30% to 60% [26—28]. A
SUA can be associated with malformations of almost any major organ system.
The association of a single umbilical artery and other congenital abnormalities
warrants a targeted sonogram and possibly a fetal echocardiogram. As an isolated
finding, SUA has not been an association with aneuploidy; however, in the

Fig. 12. Color Doppler demonstrating absence of one umbilical artery.
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Fig. 13. Cross-section of the cord showing two vessels.

presence of other abnormalities the reported incidence of aneuploidy has been as
high as 8% [26,27]. Fetal growth should be assessed in the third trimester in cases
of isolated SUA because growth restriction has been reported [28].

Abnormalities of cord insertion

The umbilical cord inserts at or near the center of the placenta in over 90% of
cases. Abnormalities of cord insertion can be detected sonographically and may
be clinically important. Marginal insertion, also referred to as the “battledore
placenta,” occurs when the cord inserts at the placental margin. Marginal in-
sertion can be seen in 5% to 7% of term pregnancies.

Velamentous insertion occurs in 1% to 2% of term singleton pregnancies and
more frequently in multiple gestations. The umbilical vessels separate into the
membranes at a distance from the placental margin surrounded only by a fold of
amnion devoid of Wharton’s jelly. Clinically, velamentous cord insertion has
been associated with cord compression, poor fetal growth, thrombosis, placenta
previa, and vas previa (Fig. 14).

In vasa previa, some of the fetal vessels are seen in the membranes crossing
the region of the internal os ahead of the presenting part. Risk factors for vasa
previa include velamentous insertion, succenturiate lobe, and low-lying placenta

Fig. 14. Velamentous insertion of the umbilical cord.
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Fig. 15. Color Doppler demonstrating the presence of fetal vessels above the internal os (arrow).

[36]. Vasa previa can be detected by ultrasound evaluation and detection can
significantly decrease fetal mortality [36]. Potential danger of exsanguination
exists if rupture of membranes causes a nick in the fetal vessels. Transvaginal
color Doppler imagining has increased the ability to diagnose cases of vasa previa
in the mid-trimester (Fig. 15) [37].

Abdominal wall defects and the umbilical cord

Gastroschisis, omphalocele, and body stalk anomaly are abdominal wall de-
fects that are related to the development of the umbilical cord. Gastroschisis is an
abdominal wall defect likely secondary to a vascular abnormality resulting in a
right paraumbilical defect. The umbilical cord is normally inserted with hernia-
tion of the gut to the right without a membranous coating. Omphalocele is dis-
tinguished from gastroschisis because the cord insertion is seen at the apex of the
membrane that covers the abdominal wall defect. Body stalk anomaly is the most
severe abdominal wall defect that results in the absence or shortening of the
umbilical cord. The abdominal organs lie outside the abdominal cavity and ap-
pear attached to the placenta. The proposed causes of this complex abnormality
include resemblance to the amnion rupture sequence or a vascular disruption and
nonclosure of the abdominal wall [25,38]. The pattern of anomalies depends on
the degree of abnormal development of the four embryonic folds. Sonographic
evidence of body-stalk anomaly is suspected in the presence of large thoracic or
abdominal wall defect; skeletal abnormalities, such as kyphosis or scoliosis; and
absent or very short umbilical cord [25,38]. When the diagnosis is made, this
anomaly is uniformly fatal.

Umbilical cord masses

Umbilical cord masses include cysts, tumors, aneurysms, and varices. The
presence of these masses warrants careful evaluation of the umbilical vessels to
evaluate complications, such as cord compression or thrombosis, and a detailed
fetal survey for possible associated fetal malformations or compromise.
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Fig. 16. Umbilical cord cyst.

Umbilical cord cysts may be true cysts or pseudocysts and this differentiation
can only be established by pathologic evaluation. True cysts are derived from the
embryonic remnants of either the allantoic or omphalomesenteric duct and are
more common toward the fetal end of the cord (Fig. 16). A prospective screening
study of 859 women noted an incidence of 3.4% in the first trimester [39]. Al-
though many of these resolved, over 20% of these umbilical cord cysts persisted
into the second and third trimester and were associated with fetal aneuploidy or
fetal structural defects [39]. The detection of umbilical cord cysts in the second
trimester warrants the offering of fetal karyotyping.

Prenatal sonographic diagnosis of an umbilical cord varix has been reported.
Although rare, varicosity of the umbilical vein may occur in the intra-amniotic
portion of the umbilical vein and the fetal intra-abdominal portion. The intra-
amniotic portion is seen as an abnormal dilation of the vein at the abdominal
insertion site that can lead to venous compression. The extrahepatic portion of the
fetal intra-abdominal umbilical vein has been measured in normal fetuses and
found to increase throughout gestation from 3 mm at 15 weeks gestation to 8 mm
at term [40]. The varix of the fetal intra-abdominal umbilical vein results in an
oval cystic mass between the abdominal wall and the inferior edge of the fetal
liver. The detection of venous flow with color Doppler distinguishes a varix from
other types of masses (Figs. 17 and 18) [40].
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Fig. 17. Umbilical varix of the fetal intra-abdominal portion.
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Fig. 18. Varix of the intra-amniotic portion of the umbilical cord.

The cause of the fetal intra-abdominal umbilical vein remains unknown.
Possible etiology includes dilation caused by an intrinsic weakness in the wall of
the extrahepatic portion of the umbilical vein, possibly of the portion where the
right umbilical vein becomes obliterated during embryogenesis [28,40]. Mahoney
et al [40] suggested that the detection of an umbilical cord varix is associated with
an increased risk of adverse fetal outcome including fetal demise necessitating
antenatal monitoring.

Spontaneous umbilical cord hematoma is a very rare condition and most cases
are iatrogenic following cordocentesis or more rarely amniocentesis [31]. These
usually appear as focal masses and can be associated with a 50% risk of fetal loss.
Hemangiomas of the umbilical cord are the most common tumors of the
umbilical cord albeit rare entities. These are most commonly seen at the placental
insertion of the umbilical cord and sonographic appearance may be that of an
echogenic or multicystic mass with color Doppler [31].

Placenta

The placenta can be identified as early as 6 weeks gestation by transvaginal
evaluation and by 10 weeks gestation by transabdominal evaluation as an
echogenic and thickened rim around the gestational sac [41]. It is distinct from
the hyperechoic myometrium. The placenta increases in size throughout gestation
and typically has a discoid shape. Hypoechoic areas known as “venous lakes”
may be present in the placental parenchyma and on color Doppler blood flow are
usually absent.

Although placental volume in the second trimester may be a predictor of fetal
outcome, there is no accurate or acceptable method of measurement [42]. The
thickness of the placenta can be assessed on sonogram and rarely exceeds 4 cm.
Hyperplacentosis or placentomegaly has been associated with several entities
including diabetes mellitus; immune and nonimmune hydrops; fetal infections,
such as parvovirus and syphilis; molar pregnancy; and aneuploidy [41].
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Fig. 19. Calcifications in the placenta.

Calcium deposition also occurs normally in the placenta and appears sono-
graphically as bright intraplacental echoes. Numerical grade has been assigned
from grade O to grade III, where grade 0 is no calcifications and grade III has
extensive echogenicity. Placental grading was believed to correlate with fetal
lung maturity; however, larger studies have shown this was not reliable and am-
niocentesis for fetal lung maturity studies remains the gold standard [43].
Placental grading has little clinical significance, although cigarette smoking has
been associated with increased calcifications (Fig. 19) [44].

Placental shape abnormalities

Abnormalities of placental shape are most often secondary to disappearance of
villi. The placenta normally develops where the chorionic villi interfacing the
decidua basalis grow and the remaining villi undergo atrophy. Placental abnor-
malities can be detected by sonogram and may affect clinical management and
obstetric outcome.

Placenta membranacea is an uncommon condition with an incidence of 1:3000
live births. With placenta membranacea, all the fetal membranes are covered by
functioning villi. The placenta develops as an abnormally thin membranous struc-
ture. On ultrasound evaluation, the placenta is seen over the entire uterine surface.
Clinically, placenta membranacea can be associated with antenatal or postpartum
bleeding, the latter secondary to poor separation.

The presence of one or more small accessory lobes that develop in the mem-
brane at a distance from the main placenta is referred to as “succenturiate lobe.”
This can be detected sonographically and is clinically important, because retained
accessory lobes can be associated with postpartum hemorrhage and infection.
Succenturiate lobes are also associated with an increased incidence of velamen-
tous insertion of the umbilical cord and vasa previa.

Bipartite placenta is a placenta that is separated in two and the lobes originate
from the anterior and posterior wall of the uterus. The cord can be inserted
between the two lobes. Unlike the bipartite placenta, placenta bilobate refers to a
placenta where the cord inserts into either lobe but not in the chorionic ridge.
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Circumvallate placenta occurs when the membranes insert away from the pla-
cental edge toward the center, but a thick chorioamniotic membrane that forms a
ridge characterizes this insertion site. On sonographic evaluation, suspicion of a
circumvallate placenta occurs if an irregular placental edge, uplifted margin, or
placental shelf is seen. Although complete circumvallate placenta has been asso-
ciated with adverse perinatal outcome, the accuracy of prenatal sonographic diag-
nosis remains low [45].

Abnormalities of placental location

Establishing location of the placenta in relationship to the internal cervical os
is an integral part of every ultrasound evaluation. Placenta previa complicates 1 in
250 to 300 pregnancies. The concept of placental migration was introduced by
King [46] and may explain why the incidence of placenta previa is gestational
age—dependent. The incidence may be as high as 25% in evaluations performed
at 18 weeks gestation. The resolution of a placenta previa seen early in gestation
may be caused by growth of the lower uterine segment. A placenta that covers the
internal os completely during the midtrimester is more likely to remain a com-
plete placenta previa at term (Fig. 20).

Placenta previa is classified as complete or total when the placenta covers the
entire internal cervical os, partial when the os is only partially covered by pla-
centa, and marginal when the edge of the placenta is at the margin of the internal
os [47]. Risk factors associated with placenta previa include advanced maternal
age, previous cesarean section or uterine scar, multiple gestations, and previous
elective abortions [47]. The recurrence risk may be as high as 10-fold.

The diagnostic accuracy of transvaginal sonography is superior compared with
the transabdominal approach [48]. The evaluation should take place with the
maternal bladder filled and again postvoid. Extensive distention of the bladder
may cause apposition of the anterior and posterior uterine walls and lead to an
erroneous diagnosis of placenta previa.

Abnormal placentation with myometrial invasion can be a life-threatening
condition. Placenta accreta is defined as partial or total absence of the decidua
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Fig. 20. Complete placenta previa over the cervical os.
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Fig. 21. Suspicion of an accreta with lacunar spaces over the cervical os.

basalis and Nutabuch layer allowing villi to attach to the myometrium. Deeper
penetration into the myometrium is referred to as ““placenta increta’ and invasion
through the myometrium with potential invasion of adjacent organs is known as
placenta percreta [47]. The occurrence of accreta with a placenta previa may be as
high as 5%. Risk factors include advanced maternal age and previous uterine
surgery. The risk may be as high as 67% in women who have undergone four or
more cesarean section deliveries [47].

Antenatal diagnosis caused by increased accuracy of ultrasound and MRI
detection has significantly lowered postpartum hemorrhage, maternal morbidity,
and mortality. Normally, the retroplacental area is composed of myometrium and
uteroplacental vessels that appear hypoechoic and measure about 1 to 2 cm in
thickness. Ultrasound criteria for placenta accreta involves careful evaluation of
this retroplacental area where there is loss of the normally hypoechoic space and
the placental myometrial interface. Markedly dilated spaces called lacunae and
increased vascularity may also be present giving this area a Swiss cheese ap-
pearance [49]. Transvaginal ultrasound with color Doppler imaging improves
visualization and MRI may be helpful to delineate invasion of adjacent organs
(Figs. 21 and 22) [50].
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Fig. 22. Color Doppler helps demonstrate large vessels over the cervix.



194 T. Marino / Obstet Gynecol Clin N Am 31 (2004) 177-200

Placental abruption

Placental abruption complicates approximately 1% of pregnancies and is de-
fined as a premature separation of a normally implanted placenta. Placental abrup-
tion may present clinically with abdominal and pelvic pain, vaginal bleeding, or
uterine tenderness. Numerous risk factors have been associated with placental
abruption, such as maternal hypertension, smoking, cocaine use, trauma, pre-
mature rupture of membranes, and uterine anomalies [47].

The sensitivity of ultrasound to visualize a placental abruption is approxi-
mately 50% because the appearance may be variable depending on the location of
the separation and timing of evaluation [51]. Acutely, the area may appear hy-
perechoic; however, after 1 to 2 weeks, the area of hemorrhage may become
hypoechoic. Although visualization of a thickened retroplacental area may raise
suspicion of a retroplacental hemorrhage, uterine contractions, subchorionic
cysts, and uterine fibroids may have the same appearance [51]. Fibroids are gener-
ally more uniform and round in shape and color Doppler demonstrates increased
vascular flow. Subchorionic cysts may be confused with chorioangiomas or pla-
cental abruption; however, these cysts are found most often below the chorionic
plate and usually have no clinical significance. Separation of the retromembra-
nous area may also be seen. Color Doppler studies may help differentiate these
entities because placental abruption lacks vascular activity.

Prognosis depends on several factors including the amount of placental
detachment and gestational age. The gravest prognosis is associated with a signi-
ficant retoplacental hemorrhage involving over 30% to 40% of the placenta
and may include fetal growth restriction, oligohydramnios, and preterm delivery
(Fig. 23) [52].

Placental masses

Placental tumors are generally benign; however, metastatic lesions from hema-
togenous spread of conditions, such as metastatic melanoma, may occur. Color
flow and pulsed Doppler studies can help differentiate between a vascular and
nonvascular lesion.

Fig. 23. Retroplacental bleed.
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Chorioangioma, also referred to as “hemangioma,” is the most common be-
nign placental tumor [53]. Small chorioangiomas are present in approximately
1% of all examined placentas. Large clinically significant chorioangiomas
measuring over 5 cm are rare. These lesions can be associated with fetal mor-
bidity, such as nonimmune hydrops, intrauterine growth restriction, and stillbirth.
Preeclampsia, polyhydramnios, and elevated amniotic fluid and maternal serum
alpha-fetoprotein have also been reported in association with large chorioangio-
mas [53].

On ultrasound evaluation, these lesions most commonly protrude from the
fetal surface and appear as a solid well-circumscribed mass. Color Doppler eval-
uation denotes a very vascular lesion, differentiating chorioangiomas from
avascular masses, such as fibroids, hematomas, or subchorionic fibrin. Chorio-
angiomas measuring greater than 5 cm in size warrant fetal evaluation and fol-
low-up to assess for signs of fetal compromise, such as cardiac overload.

Gestational trophoblastic disease

Complete hydatidiform mole is characterized by chorionic villi that are
markedly hydropic and swollen and proliferation of the trophoblastic cell result-
ing in very elevated human chorionic gonadotropin levels. Sonographically, hyda-
tidiform mole has a characteristic appearance. The uterus is large and filled with
multicystic hyperechoic or anechoic masses that may correlate to vesicles, the fe-
tus is absent, and there is no amniotic fluid [54]. In the first trimester, vesicles can
be detected, although these may not be delineated as easily because the uterine
cavity may normally appear hyperechoic (Fig. 24) [55].

The presence of a coexisting fetus is referred to as a “partial hydatidiform
mole.” Severe intrauterine growth restriction and fetal anomalies may be present.
Karyotype notes triploidy in almost 90% of cases. Sonographic evaluation notes a
thickened placenta with multiple cystic spaces (Fig. 25).

Bilateral theca lutein cysts can be seen in up to 50% of cases of gestational
trophoblastic disease. These are believed to occur secondary to high circulating

Fig. 24. Ultrasound scan of a complete mole in the first trimester.
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Fig. 25. Ultrasound scan of a partial mole showing multicystic masses in the placenta and presence of
a fetus.

levels of stimulating 3-human chorionic gonadotropin and appear as large multi-
loculated simple cysts, which may require months to resolve.

Doppler evaluation

The placental bed spiral arteries undergo progressive physiologic changes
throughout gestation. Doppler studies of the umbilical cord are considered an
evaluation of the placenta and can assess placental blood flow in pregnancy. The
most commonly used measurements include the systolic over diastolic ratio and
the resistance index; the latter represents the difference between the peak systolic
and end-diastolic shift divided by the peak systolic shift.

In early pregnancy, placental resistance is high and absent end-diastolic veloc-
ity normally may be seen between 14 and 18 weeks gestation [56]. A continuous
decline in umbilical artery resistance over gestation is normally observed. The
progression of increased resistance and loss of end-diastolic velocity or eventual
reversal has been associated with adverse pregnancy outcome including intra-
uterine growth restriction, oligohydramnios, and stillbirth. When used in high-risk
pregnancies, Doppler studies can decrease perinatal mortality. Doppler studies
should not be used routinely and currently no benefit other than use in the eval-

Fig. 26. Color Doppler of umbilical artery showing absent end-diastolic flow.
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Fig. 27. Color Doppler of the umbilical artery showing reversed end-diastolic flow.

uation of intrauterine growth restriction has been established (Figs. 26 and 27)
[57,58].

Summary

Prenatal ultrasound has expanded the ability to assess the umbilical cord, fetal
membranes, amniotic fluid volume, and placenta. Evaluation of these structures
provides information regarding the intrauterine environment. Umbilical cord ab-
normalities may be associated with fetal aneuploidy, structural anomalies, and
fetal compromise. Estimating the amniotic fluid volume has become an integral
part of a sonogram and provides immense information regarding possible fetal
anomalies and perinatal outcome. Likewise, placental location or abnormalities
may significantly impact obstetric management and prognosis. Early detection
of several of these conditions may lead to increased vigilance that may improve
perinatal outcome.

References

[1] Brace RA. Progress toward understanding the regulation of amniotic fluid volume: water and
solute fluxes in and through the fetal membranes. Placenta 1995;16:1—18.

[2] Brace RA, Wolf EJ. Normal amniotic fluid volume changes throughout pregnancy. Am J Obstet
Gynecol 1989;161:382—8.

[3] Dildy GA, Lira N, Moise KIJ, Riddle GD, Deter RL. Amniotic fluid volume assessment com-
parison of ultrasound estimates vs direct measurements with dye-dilution technique in human
pregnancy. Am J Obstet Gynecol 1992;167:986—94.

[4] Chamberlain PF, Manning FA, Morrison I, Harman CR, Lange IR. Ultrasound evaluation of the
amniotic fluid: the relationship of marginal and decreased amniotic fluid volume to perinatal
outcome. Am J Obstet Gynecol 1984;150:245-9.

[5] Phelan JP, Ahn MO, Smith CV, Rutherford SE, Anderson E. Amniotic fluid index measurement
in pregnancy. J Reprod Med 1987;32:601—4.

[6] Moore TR, Cayle JE. The amniotic fluid index in normal human pregnancy. Am J Obstet Gyne-
col 1990;162:1168—72.



198 T. Marino / Obstet Gynecol Clin N Am 31 (2004) 177-200

[7] Magann EF, Nolan TE, Hess LW, Martin RW, Whitworth NS, Morrison JC. Measurement of
the amniotic fluid volume: accuracy of ultrasonographic techniques. Am J Obstet Gynecol 1992;
167:1533-7.

[8] Magann EF, Sanderson M, Martin RW, Chauhan S. The amniotic fluid index, single deepest
pocket and 2-diameter pocket in human pregnancy. Am J Obstet Gynecol 2000;182:1581—8.

[9] Shipp TD, Bromely B, Pauker S, Frigoletto FD, Benacerraf BR. Outcome of singleton pregnan-
cies with severe oligohydramnios in the second and third trimester. Ultrasound Obstet Gynecol
1996;7:108—13.

[10] Dyer SN, Burton BK, Nelson LH. Elevated maternal serum alpha-feto-protein levels and oligo-
hydramnios poor prognosis for pregnancy outcome. Am J Obstet Gynecol 1987;157:336-9.

[11] Chauhan S, Sanderson M, Hendrix N, Magann EF, Devoe LD. Perinatal outcome and amniotic
fluid index in the antepartum and intrapartum period: a meta-analysis. Am J Obstet Gynecol 1999;
181:1473-8.

[12] Manning FA, Hill LM, Platt LQ. Qualitative amniotic fluid volume determination by ultrasound:
antepartum detection of intrauterine growth restriction. Am J Obstet Gynecol 1981;139:254 8.

[13] Rutherford SE, Phelan VP, Smith CV, Jacobs N. The four-quadrant assessment of the amniotic
fluid volume: an adjunct to antepartum fetal heart rate testing. Am J Obstet Gynecol 1987;70:
353-6.

[14] Bianco A, Rosen E, Kuczynski M, Tetrokalavili M, Lockwood CJ. Measurement of the am-
niotic fluid volume with and without color Doppler. J Perinat Med 1999;27:245-9.

[15] Magann EF, Chauhan S, Barrilleaux S, Whitworth NS, McCurley S, Martin JN. Ultrasound
estimate of the amniotic fluid volume: color Doppler over diagnosis of oligohydramnios. Obstet
Gynecol 2001;98:71 4.

[16] Hill LM, Breckle R, Thomas ML, Froes JK. Polyhydramnios: ultrasonographically detected
prevalence and neonatal outcome. Obstet Gynecol 1987;69:21-5.

[17] Dasche JS, McIntire DD, Ramus RM, Santos-Ramos RN, Twickler DM. Hydramnios: anomaly
prevalence and sonographic detection. Obstet Gynecol 2002;100:134-9.

[18] Bianchi DW, Crombleholme TM, D’Alton ME, editors. Anencephaly. In: Fetology: diagnosis
and management of the fetus as a patient. New York: McGraw-Hill; 2000. p. 63 8.

[19] Panting-Kemp A, Nguyen T, Chang E, Quillan E, Castro L. Idiopathic polyhydramnios and
perinatal outcome. Am J Obstet Gynecol 1999;181:1079—82.

[20] Magann EF, Chauhan S, Martin J. Ultrasound assessment of the amniotic fluid volume in diam-
niotic twins. J Soc Gynecol Invest 1995;2:609—13.

[21] Crombleholme TM, Dirkes K, Whitney TM, Alman B, Garmel S, Connelly RJ. Amniotic band
syndrome in the fetal lambs I: Fetoscopic release and morphometric outcomes. J Pediatr Surg
1995;30:974-8.

[22] Mahoney BS, Filly RA, Callen PW, Golbus MS. The amniotic band syndrome: antenatal sono-
graphic diagnosis and potential pitfalls. Am J Obstet Gynecol 1995;152:63 8.

[23] Torpin R. Amniochorionic mesoblastic fibrous strings and amniotic bands: associated constrict-
ing fetal anomalies or fetal death. Am J Obstet Gynecol 1965;91:65-75.

[24] Lockwood C, Ghidini A, Romero R, Hobbins J. Amniotic band syndrome: reevaluation of its
pathogenesis. Am J Obstet Gynecol 1989;160:1030—3.

[25] Bianchi DW, Crombleholme TM, D’Alton ME, editors. Amniotic band syndrome. In: Fetology:
diagnosis and management of the fetus as a patient. New York: McGraw-Hill; 2000. p. 761—70.

[26] Abuhamed AZ, Shaffer W, Mari G, Copel J, Hobbins J, Evans AT. Fetus-placenta-newborn:
a single umbilical artery. Does it matter which artery is missing? Am J Obstet Gynecol 1995;173:
728-32.

[27] Nyberg DA, Mahoney BS, Luthy D, Kapur R. Single umbilical artery: prenatal detection of
concurrent anomalies. J Ultrasound Med 1991;10:247—53.

[28] Sherer DM, Anyaegbunam A. Prenatal ultrasonographic morphologic assessment of the umbili-
cal cord: a review. Part I. Obstet Gynecol Surv 1997;52:506—14.

[29] Strong TH, Finberg JH, Mattox JH. Antepartum diagnosis of noncoiled umbilical blood vessels.
Am J Obstet Gynecol 1994;170:1729-31.



T. Marino / Obstet Gynecol Clin N Am 31 (2004) 177-200 199

[30] Strong Jr TH, Elliott JB, Radin TG. Noncoiled umbilical blood vessels: a new marker for fetus
at risk. Obstet Gynecol 1993;81:409—11.

[31] Sherer DM, Anyaegbunam A. Prenatal ultrasonographic morphologic assessment of the umbili-
cal cord: a review. Part II. Obstet Gynecol Surv 1997;52:515-23.

[32] Jouppill P, Kirkinen P. Ultrasound diagnosis of nuchal encirclement by the umbilical cord: a case
and methodological report. J Clin Ultrasound 1982;10:59—-62.

[33] Jauniaux E, Ramsay B, Peellaerts C, Scholler Y. Perinatal features of pregnancies complicated by
nuchal cord. Am J Perinatol 1995;12:255-8.

[34] Hanaoka U, Yanagihara T, Tanaka H, Hata T. Comparison of three-dimensional, two-dimensional
and color Doppler in predicting the presence of a nuchal cord at birth. Ultrasound Obstet Gynecol
2002;19:471-5.

[35] Nyberg DA, Filly RA, Globus MS, Stephens JD. Entanglement of the umbilical cord: a sign of
monoamniotic twins. J Ultrasound Med 1984;3:29-32.

[36] Fung TY, Lau TK. Poor perinatal outcome associated with vasa previa. Is it preventable? A
report of three cases and review of the literature. Ultrasound Obstet Gynecol 1998;12:430-3.

[37] Nomiyama M, Toyota Y, Kawano H. Antenatal diagnosis of velamentous cord insertion and vasa
previa with color Doppler imaging. Ultrasound Obstet Gynecol 1998;12:426-9.

[38] Craven C, Ward K. Placental causes of fetal malformations. Clin Obstet Gynecol 1996;39:
588—606.

[39] Ross JA, Jurlovic D, Zosmer N, Jauniaux E, Hacket E, Nicolaides KH. Umbilical cord cysts
early in pregnancy. Obstet Gynecol 1997;89:442—5.

[40] Mahoney BS, McGahan JP, Nyberg DA, Reisner DP. Varix of the fetal intra-abdominal umbilical
vein: comparison with normal. J Ultrasound Med 1992;11:73 6.

[41] Kuhlmann RS, Warsof S. Ultrasound of the placenta. Clin Obstet Gynecol 1996;39:519-34.

[42] Wolf H, Oosting H, Treffers PE. Second trimester placental volume measurement by ultrasound:
prediction of fetal outcome. Am J Obstet Gynecol 1989;160:121—-6.

[43] Spirt BA, Gordon LP. The placenta as an indicator of fetal maturity: fact and fancy. Semin
Ultrasound CT MR 1984;5:290-7.

[44] Pinette MG, Loftus-Brault K, Nard DA. Maternal smoking and accelerated placental maturation.
Obstet Gynecol 1989;73:379—82.

[45] Harris RD, Wells WA, Black WC, Chertoff JT, Poplack SP, Sargent SK, et al. Accuracy of
prenatal sonography for detection of circumvallate placenta. AJR Am J Roentgenol 1997;168:
1603-8.

[46] King DL. Placenta migration demonstrated by ultrasonography: a hypothesis of dynamic placen-
tation. Radiology 1973;109:167—70.

[47] Cunningham FG, MacDonald PC, Gant NF, Leveno KJ, Gilstrap LC, Hankins GV, et al. Obstet-
rical hemorrhage. In: Williams obstetrics. 21st edition. New York: Appleton and Lange; 2001.
p. 619-69.

[48] Farine D, Peisner DB, Timor-Trisch IE. Placenta previa: is the traditional diagnostic approach
satisfactory? J Clin Ultrasound 1990;18:328—30.

[49] Cox SM, Carpenter RJ, Cotton DB. Placenta percreta: ultrasound diagnosis and conservative
surgical management. Obstet Gynecol 1988;71:454—6.

[50] Levine D, Hulka C, Ludmir J. Placenta accreta: evaluation with color Doppler, power color
Doppler and MR imaging. Radiology 1997;205:773 6.

[51] Nyberg DA, Cyr DR, Mack LA, Wilson DA, Schuman WP. Sonographic spectrum of pla-
cental abruption. AJR Am J Roentgenol 1987;148:161—-4.

[52] Nyberg DA, Mack LA, Benedetti TJ, Cyr DR, Schuman WP. Placental abruption and placen-
tal hemorrhage: correlation of sonographic findings with fetal outcome. Radiology 1987;164:
357-61.

[53] Shalev E. Prenatal diagnosis of placental hemangioma and clinical implications; a case report.
Int J Gynecol Obstet 1984;22:291-3.

[54] Wagner BJ, Woodward PJ, Dickey GE. From the archives of the AFIP. Gestational trophoblastic
disease: radiologic-pathologic correlation. Radiographics 1996;16:131—48.



200 T. Marino / Obstet Gynecol Clin N Am 31 (2004) 177-200

[55] Lazarus E, Hulka C, Siewert B, Levine D. Sonographic appearance of early complete molar
pregnancies. J Ultrasound Med 1999;18:589—94.

[56] Harman CR, Baschat AA. Comprehensive assessment of fetal well being: which Doppler tests
should be performed? Curr Opin Obstet Gynecol 2003;15:147-57.

[57] American College of Obstetrics and Gynecology. Intrauterine growth restriction. Washington
DC: The American College of Obstetricians and Gynecologists; Practice Bulletin. No. 12.
January 2000.

[58] American College of Obstetrics and Gynecology. Antepartum fetal surveillance. Washington
DC: The American College of Obstetricians and Gynecologists; Practice Bulletin No. 9.
October 1999.



% OBSTETRICS AND
# g GYNECOLOGY

pr e CLINICS

SAUNDERS Obstet Gynecol Clin N Am OF NORTH AMERICA

31 (2004) 201-214

Fetal Doppler velocimetry

Laura Detti, MD?, Giancarlo Mari, MD?,
Chih-Chien Cheng, MDP, Ray O. Bahado-Singh, MD™**

4Department of Obstetrics and Gynecology, University of Cincinnati College of Medicine,
234 Albert Sabin Way, Cincinnati, OH 45267, USA
®Prenatal Diagnosis Center, Department of Obstetrics and Gynecology, Cathay General Hospital,
Medical Center, Taipei, Taiwan

Doppler velocimetry is now widely used in diagnostic medicine. The physical
principle behind the Doppler effect is well established. A brief summary of these
principles is appropriate at this point.

A sound wave that is transmitted from a source (incident beam) is propagated
at a particular frequency. On hitting a moving target, a percentage of these waves
is reflected back (reflected waves) to the original source of the incident waves.
The frequency of the reflected waves is altered compared with that of the incident
wave. The difference in frequency between incident and reflected value, called
the “frequency shift,” is determined by the velocity at which the target is
moving. If the angle between the direction of the incident sound wave and
direction of movement of the target is known, then the velocity of the latter can
be determined based on the frequency shift. In the case of vascular Doppler, the
moving target is a column of blood in a vessel. The velocity of blood flowing in a
given vessel reflects the impedance or resistance to flow in the vessels that are
downstream to the one being insonated. For example, umbilical artery Doppler
provides information on the impedance to flow in the placental vasculature. The
impedance is a metaphor for the state of dilation, vasospasm, or indeed whether
or not some of these downstream vessels have been obliterated.

Obstetric Doppler has been used most gainfully in the evaluation of fetal
growth restriction caused by placental dysfunction [1]. Other exciting applica-
tions have been more recently reported. Doppler velocimetry is now being used
to detect fetal anemia caused by Rh sensitization and other etiologies, such as
parvovirus infection. Among the most exciting vascular territory to be investi-
gated is the fetal ductus venosus. Preliminary data suggest that ductus venosus
Doppler is a strong predictor of severe morbidity and mortality in the growth-
restricted fetus. In addition, in the first trimester it may also predict karyotypic
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abnormalities and congenital heart defects. This article covers the major appli-
cations in obstetrics and also the most commonly insonated fetal vessels. In
addition we have discussed the preliminary data related to the potential signifi-
cance of ductus venosus Doppler velocimetry. The authors believe these represent
the most important recent advances in obstetric Doppler. Briefer mention is also
made of the other fetal vessels that have been studied.

Doppler indices

Knowledge of the angle between the ultrasound beam and the blood flow
allows an estimation of the blood flow velocity. When the angle is not known,
angle-independent indices are used to derive approximate information regarding
vascular impedance [2]. These indices are (1) systolic-diastolic ratio [3],
(2) resistance index [4], and (3) pulsatility index (PI) [5]. All of these indices
can be calculated easily by determining the velocity at the peak systolic and the
end-diastolic phase of the cardiac cycle. None of the angle-independent indices
seems clearly superior in assessing the fetal status.

Flow velocity waveforms (FVW) of the umbilical artery change with ad-
vancing gestation [3,6]. End-diastolic velocity is often absent in the first tri-
mester and the diastolic component increases with advancing gestation [7]. The
PI, resistance index, and systolic-diastolic ratio decrease with advancing gesta-
tion, most likely because of a decrease in placental vascular resistance [7—9].
As a result, the gestational age becomes a critical factor in interpreting Dop-
pler velocimetry.

The arteries of the circle of Willis have different FVWs, and it is important to
know which artery is being studied at a particular time [10]. The middle cerebral
artery (MCA) is the vessel of choice for evaluating the fetal cerebral circulation
because it is easy to identify, Doppler velocimetry has reproducibility, and MCA
Doppler provides information on the brain-sparing effect [11]. Additionally, it
can be studied easily with an angle of zero degrees between the ultrasound beam
and the direction of blood flow. The smaller the angle of insonation, the more
precise is the estimation of flow velocity. Information on the true velocity of the
blood flow may be obtained from the MCA [12]. The PI of the MCA during
gestation has a parabolic shape indicating a lowering of the vascular resistance in
the cranial vessels in the third trimester [13].

Doppler velocimetry in the growth-restricted fetus

The growth-restricted fetus is one that does not reach his or her growth
potential for pathologic reasons. Doppler ultrasound can help to identify those
fetuses that are small because of uteroplacental insufficiency in distinction to the
constitutionally small and normal fetus. Currently, the two vessels yielding the
best information in the fetus with intrauterine growth restriction (IUGR) appear
to be the umbilical artery and MCA.
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Umbilical blood flow velocity waveforms

In placental insufficiency, there is an elevated placental vascular resistance,
which is reflected as a decreased diastolic component of the umbilical artery
Doppler waveforms [14—18]. An abnormal umbilical artery waveform has a PI,
resistance index, or systolic-diastolic ratio value above the normal range. As the
placental insufficiency worsens over time, the diastolic velocity decreases because
of greater resistance to blood flow, with reduced forward velocity when the
ventricles are not actively contracting. In this progression the end diastolic forward
velocity can eventually disappear altogether. At the extreme, there is reversal of
the direction of flow in the umbilical artery during cardiac diastole (Fig. 1).

Cerebral blood flow velocity waveforms

Animal and human experiments have shown that in the [IUGR fetus, there is
increased blood flow to the brain [19—21]. This increase of blood flow is mani-
fested by increased diastolic velocity and lower PI Doppler values of the MCA
[11] (Fig. 2). In IUGR fetuses with MCA PIs below the normal range, there is a
greater incidence of adverse perinatal outcome [11]. The brain-sparing effect may
be transient as reported during prolonged hypoxemia in animal experiments [22].

Fig. 1. Flow velocity waveforms of the umbilical artery in an appropriate-for-gestational-age fetus
(top) and in two intrauterine growth restriction fetuses with absent (middle) and reversed (bottom) flow
in the umbilical artery.
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Fig. 2. Flow velocity waveforms of the middle cerebral artery in an appropriate-for-gestational-age
fetus and severe intrauterine growth restriction fetus.

The overstressed human fetus can also lose the brain-sparing effect [23]. It has
been reported that the MCA PI is below the normal range when the fetal Po, is
reduced [24]. Maximum reduction in PI is reached when the Po, is two to four
standard deviations below normal for gestation. When the oxygen deficit is greater
than these levels, there is a tendency for the PI to rise again, presumably reflecting
the development of brain edema. In [IUGR fetuses, the disappearance of the brain-
sparing effect seems to precede fetal death [23,25-27].

Cerebral-umbilical ratios

Mathematically, the preferential shunting of blood to the fetal brain can be
represented as the ratio between cranial and umbilical Doppler indices. It has
been reported that the internal carotid-umbilical artery PI ratio has a sensitivity
of 70% in identifying growth-restricted fetuses, as opposed to 60% sensitivity
for the internal carotid artery and 48% for the umbilical artery by themselves
[28]. Others have selected the MCA-umbilical artery ratio and have reported
that in appropriate-for-gestational-age fetuses, this ratio remains constant after
30 weeks’ gestation. The cerebral-placental ratio seems to be a better prognostic
indicator than the umbilical artery Doppler alone in the IUGR fetus [29].

Other blood flow velocity waveforms of the cardiovascular system

Many other fetal arteries and veins have been studied in appropriate-for-
gestational-age and IUGR fetuses. Their study has increased the understanding of
fetal physiology and pathophysiology in normally grown and abnormally small
fetuses. In the authors’ experience, however, the study of these vessels as cur-
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rently performed does not add any new information to umbilical artery and MCA
Doppler in the management of IUGR fetuses. The ductus venosus could be an
exception to this conclusion. A brief overview of these fetal vessels, including
Doppler of the fetal heart, is presented next.

Descending aorta

Flow velocity waveforms from the fetal descending aorta are usually recorded
at the level of the diaphragm. The PI of the fetal descending aorta remains rela-
tively constant through gestation [30]. In severe IUGR fetuses, there is reversed
diastolic flow of the descending aorta Doppler waveform.

Celiac trunk

The celiac trunk arises from the aorta between the crura of the diaphragm at
the level of the 12th thoracic vertebra. It has three main branches: (1) splenic,
(2) common hepatic, and (3) left gastric arteries. The splenic artery supplies the
spleen, a great part of the stomach, and the pancreas. The superior mesenteric
artery arises anteriorly from the abdominal aorta just below the celiac artery at the
level of the two renal arteries. It supplies the distal part of the duodenum, jeju-
num, cecum, appendix, ascending colon, and most of the transverse colon.

Splenic artery

Mari et al [31] have found that ITUGR fetuses have a lower splenic artery
PI value. This suggests that in cases of chronic hypoxia, there is an increased
blood flow to the spleen because of the increased erythropoiesis [32,33].

Superior mesenteric artery

Superior mesenteric artery FVWs Doppler indices increase with advancing
gestation [34]. This may reflect an increased bowel resistance because of
increased bowel length with advancing gestation. The superior mesenteric artery
FVWs does not seem useful in assessing [UGR fetuses [35].

Adrenal artery

In TUGR fetuses, there is a lower adrenal artery PI that suggests an “‘adrenal
stress response” and increased perfusion of this organ as reported in animal
studies [36].

Renal artery

The renal artery can be studied by a coronal section of the abdominal aorta with
the sampling site after its origin from the descending aorta. Along with decrease in
the values of the angle independent Doppler indices that have been reported, the
renal artery peak systolic velocities (PSV) are decreased in fetuses with severe
IUGR [37]. This indicates reduced kidney perfusion.



206 L. Detti et al / Obstet Gynecol Clin N Am 31 (2004) 201-214

Femoral artery and external iliac artery

The femoral artery FVWs are obtained soon after its origin. There are no
differences between the femoral artery PI and the external iliac artery PI related to
IUGR [30].

Superior cerebellar artery

The superior cerebellar artery arises from the basilar artery before it divides
into the two posterior cerebral arteries. The superior cerebellar artery PI is similar
to the PI of the MCA.. Uerpairojkit et al [38] have found that the PI of the superior
cerebellar artery is lower than normal in IUGR fetuses, whereas it is in the normal
range in small-for-gestational-age fetuses with no pathologic etiology.

Coronary sinus

Visualization of coronary blood flow by color Doppler imaging is possible
in the human fetus. Pulsed wave Doppler measurements are infrequently ob-
tained, making this study for routine assessment of myocardial blood flow un-
feasible [39].

Fetal venous system in intrauterine growth restriction

The umbilical vein velocities become pulsatile in the severely ITUGR fetus
[40,41]. Fetuses with pulsation in the umbilical vein in the second and third
trimester have a higher morbidity and mortality, even in the setting of normal
umbilical arterial blood flow.

In TUGR fetuses, the inferior vena cava is characterized by increased reverse
flow during atrial contractions [42]. The mechanism of this increase is attributed
to abnormal ventricular filling characteristics, abnormal ventricular chamber or
wall compliance, or abnormal end-diastolic pressure.

Ductus venosus

The ductus venosus is a vein that connects the umbilical sinus in the liver
to the inferior vena cava. Most commonly, it opens separately into the left side
of the inferior vena cava. The umbilical vein carries oxygenated blood from the
placenta to the liver. A portion of this flow is transported by the ductus venosus
through the inferior vena cava across the foramen ovale and into the left atrium.
Ultimately, this oxygenated blood is distributed by the left ventricle to vital
organs, such as the fetal brain. The significance of the ductus venosus rests
largely on the important role it plays in regulating the flow of highly oxygenated
blood to the left heart. Normally, about 20% to 30% of oxygenated blood from
the placenta goes through the ductus venosus [43,44]. During fetal hypoxia, the
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percentage of umbilical venous blood through the ductus increases up to 70%,
ensuring preferential oxygenation of the vital organs [45].

The high velocity in the proximal or isthmic portion of the ductus venosus,
near the connection with the umbilical vein, results in aliasing and a spectral
appearance on color flow imaging. The ductus venosus Doppler waveform has a
triphasic profile. The first peak corresponds to ventricular systole. There is a
second and smaller peak noted during ventricular filling. Finally, there is a nadir
corresponding to atrial contraction. During significant hypoxia, reduced oxygena-
tion of the heart with stiffening of the myocardium occurs. As a consequence,
there is decreased compliance and increased end-diastolic pressures, which are
transmitted to the central venous system. From the perspective of the ductus
venosus Doppler waveform, this manifests principally as reduced forward blood
velocity during atrial contraction. There is a deeper trough at the atrial nadir on
waveform analysis. In its most severe manifestation there is reversal of the
velocity in the atrial contraction phase (Fig. 3). These findings likely represent the
effect of high intracardiac pressure causing greater resistance to flow, going from
the ductus venosus to the inferior vena cava. Other Doppler changes in the ductus
venosus associated with hypoxia include reduced peak velocities during the
ventricular systolic and diastolic phases of the cardiac cycle. Various Doppler
indices have been developed to quantitate these changes. They include the ratio
of the ventricular systolic to ventricular diastolic peak, ventricular systole to atrial

Fig. 3. Flow velocity waveforms of the ductus venosus in an appropriate-for-gestational-age fetus and
intrauterine growth restriction fetus.
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contraction, or the time averaged mean velocity during the cardiac cycle. Ab-
sence or reversal of the flow velocity in the atrial contraction phase represents the
most extreme Doppler abnormality in this vessel.

Ductus venosus Doppler velocimetry has been used most extensively in the
evaluation of the growth-restricted fetus. Based on the putative mechanism by
which hypoxia results in ductus venosus Doppler changes (ie, myocardial hy-
poxia and stiffness), it is reasonable to expect that severe Doppler changes in
the ductus venosus occur late in the natural history of fetal growth restriction.
Additionally, it is likely that the development of such changes is a harbinger
of poor perinatal outcome. Both of these expectations have been substantiated
in human studies. Hecher et al [46] studied 100 growth-restricted fetuses greater
than or equal to 24 weeks in a longitudinal fashion. The timing of onset and
correlation with adverse outcome of the following biophysical indices was eval-
uated: fetal arterial and venous (including ductus venosus) Doppler indices;
short-term heart rate variability; and amniotic fluid volume. In severely growth-
restricted fetuses delivered less than 32 weeks (60 cases), reduction of amniotic
fluid volume was the earliest abnormality to manifest followed by Doppler ab-
normalities in the umbilical artery and then the MCA. Doppler abnormalities of
the ductus venosus appeared relatively late in the natural history of hypoxic pro-
gression. For the fetuses delivered after 32 weeks (which constituted a less severe
group), a similar pattern was seen with all the biophysical abnormalities, although
they occurred less frequently. For the overall study group, when both short-term
variability and ductus venosus Doppler were abnormal, the perinatal mortality
was 39%. In a smaller study of 26 growth-restricted pregnancies that were
followed longitudinally, ductus venosus changes also developed late [47].There
were 9 (34.6%) of 26 perinatal deaths and both gestational age and birth weight
were significant independent predictors of death. The most significant Doppler
predictors of poor perinatal outcome were the late changes, which included
the ductus venosus, reversed umbilical artery velocity, and aortic and pulmonary
artery Doppler changes [47].

Hofstaetter et al [48] prospectively and serially evaluated various Doppler
velocities in 154 growth-restricted fetuses, 37 of which had reversed umbilical
artery Doppler wave profile. In the latter subgroup there were 15 perinatal
deaths. There was a strong correlation noted between increasing placental resist-
ance and ductus venosus Doppler changes. When surviving fetuses were com-
pared with nonsurvivors, among those with reversed umbilical artery velocimetry,
significant worsening of the ductus venosus velocimetry was noted. Ductus
venosus velocity during atrial contraction had 79% sensitivity and 68% speci-
ficity for predicting perinatal mortality, which was statistically significant. Cross-
sectional studies of growth-restricted fetuses have documented a correlation
between fetal acidemia documented by cordocentesis and ductus venosus Doppler
changes [49]. The clinical question that naturally arises is how ductus venosus
velocimetry data should influence management. The study of Ferrazzi et al [47]
provides some insights into this question. Among their cases delivered after
28 weeks there was a sharp differential in perinatal mortality rate based on ductus
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Doppler. In such cases, late Doppler changes included ductus venosus alterations.
The perinatal mortality was 57% in cases with late changes compared with 10% in
cases with early Doppler changes, such as umbilical artery and MCA indices.
There is strong empirical support for expeditious delivery of cases with signifi-
cant changes in ductus waveforms. On this basis, it also seems that a good case
could even be made for delivering fetuses before development of ductus venosus
abnormalities. Timing of delivery is also influenced by the chances of postnatal
survival based on gestational age, birth weight, and the prior use of antenatal
steroids. At the very least, the identification of severe ductus venosus Doppler
abnormalities should be considered an unambiguous indication for immediate
admission, continuous intensive fetal surveillance, antenatal steroids, and delivery
before discharge from the hospital in cases where the fetus is considered viable,
particularly in the third trimester.

Other intriguing applications of fetal ductus venosus Doppler velocimetry
have been reported and are currently being investigated. One such application is
the use of ductus venosus velocimetry to predict congenital heart defects in the
first trimester. Montenegro et al [50] reported that five first-trimester fetuses with
increased nuchal translucency had chromosomal abnormalities. All five had re-
duced or reversal of atrial contraction phase of the ductus Doppler velocity. The
authors hypothesized that this might reflect cardiac failure or heart defects known
to be common in trisomy 21 and 18 fetuses. This seems to be consistent with
second-trimester studies reported by Kiserud et al [S1]. In 28 cases of structural
heart defects, these authors found that 64% had reduced Doppler velocity in the
atrial contraction phase of the ductus venosus waveform. In major malforma-
tions involving the ventricular inlet and outlet, 81% of cases had reduced atrial
contraction velocity on ductus venosus Doppler. First-trimester ductus venosus
Doppler has been shown to have 58.7% sensitivity for detection of Down syn-
drome fetuses [52]. Although exciting, further studies are necessary to validate
these findings and to establish their usefulness in the prenatal detection of con-
genital heart defect and chromosome abnormalities.

Fetal cardiac flow velocity waveforms in appropriate-for-gestational-age
and intrauterine growth restriction fetuses

Atrioventricular valves

Atrioventricular valve Doppler flow velocities can be obtained from a four-
chamber view by placing the sample volume just distal (within the ventricles) to
the valve leaflets. Usually, two peaks are observed in the atrioventricular valve
signal: the first peak reflects passive ventricular filling in early diastole (E), and
the second peak reflects the atrial contraction in late diastole (A). Early in
gestation, A is much higher than E, indicating that the atrial contraction is
important in filling the fetal ventricles at this stage. With advancing gestation,
E increases and equals A, suggesting that the atrial systole becomes less im-
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portant with maturation and increased compliance of the ventricular myocardium
[53-57]. At birth and thereafter, E becomes higher than A.

The most commonly used index to quantify these waveforms is the E:A ratio.
When the atrioventricular valve velocity waveforms are studied with a low inci-
dent angle, the blood velocity obtained is close to the true velocity. The increase
of E:A ratio with advancing gestation has been considered a sign of progres-
sive improvement in myocardial compliance. In IUGR fetuses, the E:A ratio is
higher than that of normal controls for gestational age. These changes are attrib-
uted to preload changes without impairment in fetal myocardial diastolic function.

Aortic and pulmonary valve flow velocity waveforms

Aortic and pulmonary valve velocities are studied at the level of the respective
outflow tracts. Various indices have been used to quantify these waveforms in-
cluding PSV, acceleration time, ejection time, and time velocity integral. Peak
velocity across both valves increases with advancing gestation [58]. In TUGR
fetuses, the aortic and pulmonary velocities have been noted to decrease, which
may be secondary to increased placental resistance [59].

Doppler velocimetry in the prediction of fetal hematocrit

The fetal hematocrit increases with advancing gestation. Fetal anemia is said
to exist when the hematocrit is below two standard deviations of the mean for
gestational age. The PI of several fetal vessels and estimation of the fetal car-
diac output has been evaluated as predictors of fetal anemia. These have not been
found to be very useful, however, for the diagnosis of fetal anemia [60—62].

In contrast, the peak velocity of the MCA has been shown to be related to fetal
anemia. During anemia, the blood viscosity decreases and the blood velocity in-
creases [63]. A correction of the fetal anemia decreases the fetal blood velocity.
The MCA can be studied with an angle of zero degree between the ultrasound
beam and the direction of blood flow. This allows the calculation of the true
blood velocity at level of the MCA. The MCA-PSV detects moderate and severe
anemia with a sensitivity of 100% (CI: 0.86 to 1). The MCA-PSV can also esti-
mate the actual value of hematocrit in moderate and severe anemia [64]. Addi-
tionally, serial values of the MCA-PSV measurements can be regressed and used
to predict whether a fetus will become anemic [65]. Furthermore, a prospective
study with intention to treat showed the MCA-PSV was an excellent tool
to diagnose anemia. In this study, an invasive procedure (amniocentesis and
cordocentesis) was avoided in 90 of 125 patients at risk of developing severe
anemia [66].

Similar results could be obtained while studying other vessels of the fetal
circulation (ie, splenic artery) [67]. The authors, however, have selected the
MCA-PSV because of the ease of measurement and reproducibility of the results.
MCA-PSV has also been useful in the diagnosis of fetal anemia caused by
parvovirus infection [68].
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Summary

The introduction of new techniques for evaluating fetal status, particularly
fetuses at theoretical risk for hypoxic ischemic encephalopathy, requires the most
rigorous evaluation before widespread clinical deployment. The considerations
extend beyond clinical value to the significant medicolegal implications of a fail-
ure to predict or ascertain compromise. The attitudes to clinical Doppler velocim-
etry have been shaped to a large extent by these practical concerns and the initial
skepticism, which is a necessary component of scientific rigor. Available data
strongly indicate, however, that in competent hands umbilical artery Doppler im-
proves the clinical management of [UGR pregnancies [1]. Failure to use Doppler
may have the undesirable effect of increasing the risk of adverse outcome in the
growth-restricted fetus. There is also strong evidence of benefit in the manage-
ment of the Rh isoimmunization. Although numerous other clinical applications
are on the horizon, much more information is needed to determine objectively the
benefits and risks of these newer applications.
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