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Objective. To determine whether sonographic “markers” are associated with fetal Down syndrome
during the second trimester and to estimate the degree of risk of individual markers using likelihood
ratios. Methods. Second-trimester (14–20 weeks) sonographic findings in 186 fetuses with trisomy
21 were compared with a control group of 8728 consecutive control fetuses. Six markers were eval-
uated: nuchal thickening, hyperechoic bowel, shortened femur, shortened humerus, echogenic intra-
cardiac focus, and renal pyelectasis. Results. Major or structural abnormalities were observed in 31
fetuses with trisomy 21 (16.7%) and 53 control fetuses (0.6%) (P < .001). Some type of sonograph-
ic finding (major abnormality, minor marker, or both) was observed in 68.8% of fetuses with trisomy
21 compared with 13.6% of control fetuses (P < .001). An isolated minor or “soft” marker was the
only sonographic finding in 42 (22.6%) of 186 fetuses with trisomy 21 compared with 987 (11.3%)
of 8728 control fetuses (P < .001). Nuchal thickening (P < .001; likelihood ratio, 11) and hyperechoic
bowel (P < .001; likelihood ratio, 6.7) showed the strongest association with trisomy 21 as isolated
markers, followed by shortened humerus (likelihood ratio, 5.1), echogenic intracardiac focus (like-
lihood ratio, 1.8), shortened femur (likelihood ratio, 1.5), and pyelectasis (likelihood ratio, 1.5).
Echogenic intracardiac focus was the single most common isolated marker in both affected fetuses
(7.1%) and control fetuses (3.9%) but carried a low risk (P = .046; likelihood ratio, 1.8). Conclusions.
A single soft marker is commonly encountered during the second trimester among fetuses with tri-
somy 21. The risk of fetal Down syndrome, reflected by likelihood ratios, was determined for 6 indi-
vidual markers. This information can be combined with the a priori risk to estimate the individual
patient risk for fetal Down syndrome. Key words: Down syndrome; fetus, abnormalities; prenatal
diagnosis; chromosome abnormalities; prenatal sonography.
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variety of sonographic findings may be seen in
fetuses with Down syndrome, including both
structural abnormalities and nonstructural
abnormalities or “markers.”1–7 Sonographic find-

ings that are generally accepted as potential markers of
trisomy 21 during the second trimester include nuchal
thickening,8–10 hyperechoic bowel,11–15 echogenic intra-
cardiac focus (EIF),16–21 shortened femur or humerus,22,23

and renal pyelectasis.24,25 These markers are nonspecific,
are also present in fetuses without abnormalities, are
often transient, and can be readily detected during the
second trimester.

Minor or “soft” markers are more common than major
or structural abnormalities in fetuses with trisomy 21
when multiple markers are sought during the second
trimester. Major abnormalities are observed in fewer

© 2001 by the American Institute of Ultrasound in Medicine • J Ultrasound Med 20:1053–1063, 2001 • 0278-4297/01/$3.50

A



than 25% of affected fetuses in most stud-
ies,1,7,26,27 whereas 1 or more soft markers may be
observed in 50% or more cases.5,7,28,29 This
emphasizes the importance of soft markers for
detection of fetal trisomy 21 on second-
trimester sonography, especially among high-
risk women in whom high sensitivity is
desirable. On the other hand, the false-positive
rate may be unacceptably high (13%–17%) if any
one of a panel of markers is detected among
low-risk women.5,7,28–30

Sonographic markers are often associated with
other markers or structural abnormalities.
Therefore, the risk of fetal Down syndrome
increases with the number of markers pres-
ent,4–7 whereas the risk from an isolated marker
is less certain. Estimating the risk of an isolated
marker from a panel of multiple markers
requires evaluation of a large number of fetuses
with trisomy 21.

The goals of the present study were (1) to deter-
mine whether sonographic markers are associat-
ed with trisomy 21 when isolated and (2) to
estimate the degree of risk with calculated likeli-
hood ratios (LRs). 

Materials and Methods

We identified 201 fetuses with trisomy 21 who
underwent second-trimester sonography (14–20
weeks) over a 9-year period (March 1990 to
March 1999) at a single high-risk center. To mini-
mize bias of sonographic findings, 15 patients
who were referred because of abnormal outside
sonographic findings were excluded, leaving 186
affected fetuses. This group included 132 fetuses
who were included in a previous study.7

Cytogenetic, birth, and pathologic records were
matched with sonographic records to maximize
inclusion of affected fetuses.

Control fetuses consisted of 8728 consecutive
fetuses who underwent second-trimester sonog-
raphy (14–20 weeks) between April 1996 and
March 1999 and who had a normal (n = 3233
[37%]) or presumably normal (n = 5495 [63%])
fetal karyotype.

In all instances, the sonograms were obtained
without knowledge of the karyotype and before
genetic evaluation. Sonography was performed
in a standardized manner that followed the gen-
eral guidelines of the American Institute of
Ultrasound in Medicine with additional views
obtained of the posterior fossa, outflow tracts of

the heart, hands, feet, nose, and lips whenever
possible. Measurements were made of biparietal
diameter, head circumference, abdominal cir-
cumference, femur length, humerus length,
nuchal thickness (transcerebellar view), and
renal pelvis in the anteroposterior dimension.
Examinations were performed by highly quali-
fied sonographers registered by the American
Registry of Diagnostic Medical Sonographers
and were performed under the direct supervi-
sion of a physician sonologist who usually also
scanned the patient. The scheduled examination
time was 45 minutes.

Major abnormalities were considered to be car-
diac defects, hydrops, cystic hygroma with
internal septation, and duodenal atresia.
Nonstructural markers that were evaluated
included nuchal thickening (≥5 mm),7,10 pyelec-
tasis (renal pelvis ≥3 mm),7 hyperechoic bowel
(grades 2 and 3),12 EIF, and extremity shortening
(humerus or femur shortening). Mild cerebral
ventricular dilatation (lateral ventricle 10–15
mm) was not considered a structural abnormali-
ty and was not separately considered as a sono-
graphic marker in this series.

The femur was considered shortened when the
measured-to-expected ratio was 0.91 or less; the
humerus was considered shortened when the
measured-to-expected ratio was 0.89 or less.23 An
echogenic intracardiac focus was seen as single
or multiple discrete foci within the cardiac ven-
tricles, typically the left, with echogenicity equal
to or greater than that of bone.7 The echogenic
intracardiac focus was prospectively evaluated
only after April 1996; for cases of trisomy 21
detected before that time, retrospective identifi-
cation of EIF was accomplished by blindly mix-
ing and blindly reviewing those cases together
with cases from fetuses with a known normal
karyotype. EIF was defined to be present when 2
independent reviewers (D.A.N. and S.Y.) agreed
on its presence. For all other sonographic mark-
ers and since April 1996 for EIF, the measure-
ments and presence or absence of the various
markers were recorded in a computer database
at the time of the sonographic examination.

The frequency of sonographic markers was cal-
culated both overall and as isolated findings.
Sonographic markers were considered isolated
when they were not associated with major
abnormalities or any other of the markers evalu-
ated. Because major or structural anomalies are
considered and treated differently from cases
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with soft markers alone, the frequency of sono-
graphic markers was also calculated after exclu-
sion of major anomalies.

Statistical analysis was performed using Stata
software (Stata Corporation, College Station,
TX). Comparisons were performed using the
Pearson χ2 test. Significance was taken at the 5%
level. Confidence intervals were calculated at the
95th percentile confidence limits. The LR is
defined as sensitivity/false-positive rate. An LR
of greater than 1 suggests a positive association
with a particular finding. We also performed
logistic regression analysis and receiver operat-
ing characteristic (ROC) curve analysis to deter-
mine which markers were significant. 

Results

The mean (SD) maternal age for the 186
patients who proved to have fetal Down syn-
drome was 36.3 (4.9) years, and the mean
maternal age for the control group was 32.4
(5.5) years (Table 1). The mean gestational ages
at the time of sonography were 16.9 (1.7) weeks
for affected fetuses and 17.6 (1.9) weeks for the
control group (P < .01).

Among affected fetuses with trisomy 21, the
maternal indication for scanning was advanced
maternal age (35 years and older) with or without
abnormal biochemical screening results in 68.3%
of cases, abnormal biochemical screening results
in women younger than 35 years in 17.2%, and
routine second-trimester sonography in women
younger than 35 years in 14.5% (Table 1). Of the
control group, 39.9% were referred for advanced
maternal age, and 1.9% were referred for abnor-
mal biochemical screening results. The remain-
ing patients were referred for routine indications,
most commonly a routine fetal survey.

The risk of trisomy 21 was related to both
major abnormalities and the number of soft
markers (Table 2). Among 186 fetuses with tri-
somy 21, 31 (16.7%) had structural or major
abnormalities, including cystic hygroma,
hydrops, or both (n = 16), cardiac defects (n =
14), and duodenal atresia (n = 1). In comparison,
of 8728 control fetuses, 53 (0.6%) had major
anomalies shown on sonography (P < .01). Some
type of sonographic finding (major abnormality,
minor marker, or both) was observed in 68.8% of
fetuses with trisomy 21 compared with 13.6% of
control fetuses (P < .01). Conversely, no abnor-
malities were shown on sonography in 31.2% of

affected fetuses compared with 86.4% of control
fetuses (LR, 0.36). Overall, markers had a sensi-
tivity of 52.2% (97 of 186) for trisomy 21 and a
false-positive rate of 13% (1134 of 8728) in the
comparison group.

Each sonographic marker was observed with
significantly greater frequency in fetuses with
trisomy 21 (Table 3). In affected fetuses, nuchal
thickening (39.4%) was the most common sono-
graphic marker, followed by short femur
(31.6%), EIF (27.7%), short humerus (21.9%),
hyperechoic bowel (20.6%), and pyelectasis
(13.5%). Among control fetuses, short femur
(5.2%) was the most common false-positive
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Table 1. Comparison of 186 Fetuses With Down Syndrome and
8728 Consecutive Control Fetuses Examined During the Second
Trimester (14–20 Weeks)

Down Syndrome Control
Characteristic (n = 186) (n = 8728) P

Maternal age, y 36.3 (SD, 4.9) 32.4 (SD, 5.5) <.01
Gestational age, wk 16.9 (SD, 1.7) 17.6 (SD, 1.9) <.01
Indication advanced maternal 68.3 39.9 <.01

age, %
Abnormal biochemical screening 17.2 1.9 <.01

results, %

Table 2. Comparison of Number of Markers in Fetuses With Down
Syndrome and Control Fetuses

No. of Markers or Down Syndrome Control
Major Abnormality (n = 186) (n = 8728) LR*

0, n (%) 58 (31.2) 7541 (86.7) 0.36
1, n (%) 42 (22.6) 987 (11.3) 2.0
2, n (%) 28 (15.1) 136 (1.6) 9.7
≥3, n (%) 27 (14.5) 11 (0.1) 115.2
Major abnormality, n (%) 31 (16.7) 63 (0.6) 27.5

*Percent fetuses with Down syndrome/control fetuses.

Table 3. Comparison of Sonographic Findings After Exclusion of
Major Abnormalities in 155 Fetuses With Fetal Down Syndrome
and 8675 Control Fetuses

Down Syndrome Control
Sonographic Marker (n = 155) (n = 8675) P

Nuchal thickening, n (%) 36 (23.2) 56 (0.6) <.001
Hyperechoic bowel, n (%) 21 (13.5) 53 (0.6) <.001
Short humerus, n (%) 29 (18.7) 124 (1.4) <.001
Short femur, n (%) 44 (28.4) 451 (5.2) <.001
EIF, n (%) 37 (23.8) 382 (4.4) <.001
Pyelectasis, n (%) 21 (13.5) 226 (2.6) <.001
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marker, followed by EIF (4.4%), pyelectasis
(2.6%), short humerus (1.4%), hyperechoic bowel
(0.6%), and nuchal thickening (0.6%).

An isolated soft marker was the only sono-
graphic finding in 42 (22.6%) of 186 affected
fetuses. After exclusion of major abnormalities,
an isolated soft marker was the only sonographic
finding in 42 (27.1%) of 155 affected fetuses,
compared with 987 (11.4%) of 8675 control fetus-
es (P < .001; Table 4). Among affected fetuses, EIF
was the single most common isolated marker,
observed in 11 (7.1%) of 155 fetuses with Down
syndrome. This represented 24% (11 of 42) of
affected fetuses with an isolated soft marker.
Other isolated soft markers, in descending order
of frequency, were nuchal thickening (5.8%),
short femur (5.8%), hyperechoic bowel (3.2%),
pyelectasis (3.2%), and short humerus (1.9%).

An echogenic intracardiac focus and a short-
ened femur were the 2 most common isolated
markers in control fetuses, observed in 3.9% of
cases each, followed by pyelectasis (2.2%). Each
of the other 3 markers was observed as an iso-
lated finding in 0.5% or less of control fetuses.

The sensitivity of EIF was probably underesti-
mated in this study, because this marker was ret-
rospectively evaluated for fetuses with Down
syndrome before April 1996. The sensitivity of
EIF during the retrospective time of the study
was 17% (22 of 127 cases), and it was 35.6% (21 of
59) when evaluated prospectively.

A shortened femur and pyelectasis as isolated
findings were not found to be statistically associ-
ated with trisomy 21 (Table 4). If these were
excluded, the overall sensitivity of markers would
decrease from 52.1% to 44.6% (83 of 186), and the
false-positive rate among control fetuses would
decrease from 13% to 7% (609 of 8728).

The risk of each sonographic marker is reflect-
ed by the observed LRs (Table 5). Isolated
sonographic markers yielded LRs of 11 (95%
confidence interval [CI], 5.5–22) for nuchal thick-
ening, 6.7 (CI, 2.7–16.8) for hyperechoic bowel,
5.1 (CI, 1.6–16.5) for short humerus, 1.8 (CI,
1–3.2) for EIF, and 1.5 each for shortened femur
(CI, 0.8–2.8) and pyelectasis (CI, 0.6–3.6).

Logistic regression analysis was performed for
the 6 markers after excluding major structural
abnormalities. This showed that each of the 6
individual sonographic markers was associated
with trisomy 21. With the use of modeling, the
area under the ROC curve (0.77) was greatest for
a saturated model using all 6 markers.

During the time the control group was studied
(1996–1999), we identified 59 fetuses with tri-
somy 21 (prevalence, 1 per 148), including 8
fetuses from low-risk patients (younger than 35
years and with normal biochemical screening
results). Given the size of the control group and
age distribution alone,31 we would have expected
to detect 30 fetuses with Down syndrome,
including 7.2 from patients younger than 35
years.

Mild cerebral ventricular dilatation (10–15 mm)
was observed in 8 (4.3%) of 186 fetuses with tri-
somy 21 in this series but was not isolated in any
case. Of these 8 cases, 3 had other structural
defects, 3 had 3 or more soft markers, and 2 also
had nuchal thickening.

Discussion

A single soft sonographic marker is commonly
detected during the second trimester among
fetuses without abnormalities. Although 2 or
more markers were detected in just 1.6% of con-
trol cases in the current series, an isolated mark-
er was identified in 11.3% with the panel of 6
sonographic markers used (nuchal thickening,
hyperechoic bowel, shortened femur or
humerus, EIF, and renal pyelectasis). The actual
frequency of an isolated marker will vary with the
type and number of markers sought. Using
slightly different panels of sonographic markers,
Sohl et al30 observed a single marker in 14.6% of
their cases.

Although frequent in fetuses without abnor-
malities, isolated markers are even more com-
mon in fetuses with trisomy 21 and were
observed in 22.6% of affected fetuses in our series
(P < .01). These data suggest that isolated mark-
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Table 4. Comparison of Isolated Sonographic Findings After
Exclusion of Major Abnormalities in Fetuses With Trisomy 21 and
Control Fetuses

Down Syndrome Control
Sonographic Marker (n = 155) (n = 8675) P

Nuchal thickening, n (%) 9 (5.8) 46 (0.5) <.001
Hyperechoic bowel, n (%) 5 (3.2) 42 (0.5) <.001
Short humerus, n (%) 3 (1.9) 33 (0.4) <.02
Short femur, n (%) 9 (5.8) 338 (3.9) .2 (NS)
EIF, n (%) 11 (7.1) 341 (3.9) .046
Pyelectasis, n (%) 5 (3.2) 187 (2.2) .4 (NS)
Any single marker, n (%) 42 (27.1) 987 (11.4) <.001

NS indicates not significant.
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ers should not be ignored, especially among
high-risk patients. The presence of any marker,
however, will result in a high false-positive rate if
the presence of any single marker is considered
a positive finding. This approach can under-
standably lead to considerable anxiety32 and
inconsistent management33 when a single
marker is identified among low-risk patients.

The false-positive rate can be appropriately
lowered among younger women by considering
the a priori risk.34–36 With the use of the model of
age-adjusted ultrasound risk assessment
(AAURA),7 an individual patient-specific risk can
be estimated by the presence or absence of
sonographic markers combined with the a priori
risk based on maternal age. Because sonograph-
ic findings appear to be largely independent of
both maternal age and biochemical ana-
lytes,37–39 we think the risk from biochemical
screening (serum markers plus maternal age
risk) can be substituted for maternal age risk
alone when known.

Age-adjusted sonographic risk assessment
considers the risk of specific sonographic find-
ings by LRs. By analyzing a large number of
fetuses with Down syndrome, we were able to
calculate LRs for each of the sonographic mark-
ers evaluated (Table 5). It is important to note
that these LRs calculated from a single referral
center are similar to the LRs previously
assumed in the initial model of AAURA7 and are
very similar to those of the meta-analysis of iso-
lated markers by Smith-Bindman et al40 (Table 6).
This supports the validity of these LRs when
estimating the risk of fetal Down syndrome
when using a similar panel of sonographic
markers. Application of the LRs is most conve-
niently performed with a computer package or
spreadsheet. We have made such a spreadsheet
available on-line (www.fetalcenter.org).

Four markers (nuchal thickening, hyperechoic
bowel, shortened humerus, and EIF) were found
to be statistically associated with an increased
risk of trisomy 21 as isolated findings. The 2
remaining markers (shortened femur and
pyelectasis) were also associated with trisomy 21
overall, although this association did not reach
statistical significance when these markers were
isolated findings. If these 2 markers are omitted,
then the false-positive rate of any marker would
decrease from 13% to 6.9%, and the sensitivity
would decrease from 52.1% to 44.6%. However,
the risk is so low for femur shortening and

pyelectasis (LR, 1.5 each) that their inclusion in
AAURA increases the age-related risk above our
threshold (1:200) only for women 36 years or
older. As a result, excluding these markers from
AAURA would only lower the sensitivity among
high-risk women, for whom high sensitivity is
most desirable and for whom the clinical alter-
native is amniocentesis for all patients (100%
false-positive rate). Also, logistic regression
showed that all markers were contributory.
Therefore, we think that these markers should
be excluded as criteria only from protocols that
consider a single marker to be a positive finding
among low-risk patients younger than 35 years.

Nuchal thickening was the first of the non-
structural markers identified8 and remains the
single most predictive sonographic marker. Not
surprisingly, nuchal thickening showed the
strongest association with trisomy 21 as an iso-
lated marker in the current study (P < .001; LR,
11). Initial studies suggested a cutoff of 6 mm,8,9

although subsequent studies with ROC curve
analysis suggested that 5 mm is a better single
cutoff before 20 weeks.10,41 Even more recent
studies suggest that gestational age–specific
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Table 5. Calculated LRs (Sensitivity/False-Positive Rate) of
Sonographic Findings for Fetal Down Syndrome 

Sonographic LR LR as 
Marker Overall* Isolated Marker† 95% CI

Nuchal thickening 61 11 5.5–22
Hyperechoic bowel 33.8 6.7 2.7–16.8
Short humerus 15.3 5.1 1.6–16.5
Short femur 6.1 1.5 0.8–2.8
EIF 6.3 1.8 1.0–3.2
Pyelectasis 5.2 1.5 0.6–3.6

*LR when a marker was present either as an isolated finding or in combination
with other markers.
†LR when a marker was present as an isolated finding.

Table 6. Likelihood Ratios and 95% CIs for Isolated Markers
Reported in This Study and the Meta-analysis by Smith-Bindman et
al40 Compared With LRs Assumed by the Original AAURA Model7

Sonographic AAURA7 This Study Smith-Bindman et al40

Marker LR LR (95% CI) LR (95% CI)

Nuchal thickening 18.6 11 (5.5–22) 17 (8–38)
Hyperechoic bowel 5.5 6.7 (2.7–16.8) 6.1 (3–12.6)
Short humerus 2.5 5.1 (1.6–16.5) 7.5 (4.7–12)
Short femur 2.2 1.5 (0.8–2.8) 2.7 (1.2–6)
EIF 2 1.8 (1.0–3) 2.8 (1.5–5.5)
Pyelectasis 1.5 1.5 (0.6–3.6) 1.9 (0.7–5.1)
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criteria should be used, because nuchal thick-
ness normally increases with gestational age.42–44

Multiples of the median and associated LRs can
then be calculated for the entire range of nuchal
thickness measurements.42,43

Hyperechoic bowel has consistently been
identified as a sonographic marker for fetal ane-
upoloidy,11–15 although it has remained contro-
versial because its detection is subjective. The
echogenicity of normal bowel also increases
with transducer frequency,45 although this
effect is uniform, whereas true hyperechoic
bowel tends to be focal.11,12 To minimize subjec-
tivity, some authors5,15 consider only bowel that
is markedly hyperechoic, whereas we and oth-
ers46,47 recognize both moderate and markedly
hyperechoic bowel (grades 2 and 3) as indicat-
ing increased risk of fetal aneuploidy.

Despite its subjectivity, the prevalence of
hyperechoic bowel among fetuses without
abnormalities (0.5%) has been remarkably con-
sistent at our center in the last decade1,7 and is
also similar to that of other reports,6,15,30 suggest-
ing that different centers can agree on the pres-
ence of hyperechoic bowel. Using criteria
described here, isolated hyperechoic bowel was
observed in 3.2% of fetuses with trisomy 21 and
was the second most predictive marker (P < .001;
LR, 6.7). Other centers using more strict criteria
might be expected to have lower sensitivity but
an even higher LR for hyperechoic bowel.

Mildly shortened extremities are known phe-
notypic traits of both infants and fetuses with
trisomy 21. Although this trait might techni-
cally be considered “structural,” it is appropri-
ately categorized as a soft marker, because it is
nonspecific and does not affect patient out-
come. A shortened humerus appears to be
more specific but also less common than a
shortened femur for detection of trisomy 21,
at least with the criteria used here. Other stud-
ies have also found that a shortened humerus
is more predictive than a shortened femur.48

Results may vary with gestational age, ethnic
groups, possibly fetal gender, and the criteria
used, as well as systematic differences in long
bone measurements.49 Despite these vari-
ables, as well as wide overlap between affected
and unaffected fetuses, a shortened humerus
or femur is commonly used as a sonographic
marker.

The most common method for determination
of a shortened humerus or femur is comparing

the actual measurement with the expected mea-
surement, typically based on biparietal diameter
or another dating parameter rather than gesta-
tional age. Another approach proposed by
Bahado-Singh and colleagues50 is to calculate
multiples of the median and associated LRs for
the whole range of humerus length measure-
ments, similar to the approach proposed for
nuchal thickness. An advantage of this approach
is that it permits integration with serum bio-
chemical screening to give a single combined
risk estimate.

Renal pyelectasis was confirmed to be associat-
ed with trisomy 21 overall, but it did not reach
statistical significance as an isolated finding. The
lack of association as an isolated finding has also
been confirmed by most previous studies,51,52

although one center has shown an association as
an isolated finding.53

Echogenic intracardiac focus is the most recent,
and undoubtedly the most controversial, of the
soft markers that have been described. Because
EIF is a subjective finding, its detection depends
on a variety of factors, including resolution of the
sonographic equipment, technique, thorough-
ness of the examination, and the sonographer’s
experience. Fetal position is also important,
because intracardiac foci are best visualized
when the cardiac apex is oriented toward the
transducer.54 Despite these variables, similar
detection rates of EIF have been reported from
different centers.21 As do many sonographic
markers, EIF typically resolves regardless of the
outcome.

In the first 2 sonographic reports of EIF and
aneuploidy, Bromley et al16 detected EIF in 62
(4.7%) of 1312 control fetuses compared with 4
(18%) of 22 fetuses with trisomy 21, and
Lehman et al55 reported EIF in 39% of fetuses
with trisomy 13 before 20 weeks. The current
study confirms that EIF is associated with an
increased risk of trisomy 21, although as an iso-
lated finding, this association just reached sta-
tistical significance (P = .046). These data
support a large number of other studies sug-
gesting an association between EIF and trisomy
21, whereas some studies have failed to show
this association.56–58

After exclusion of major abnormalities, EIF
proved to be the single most common isolated
finding in both fetuses with trisomy 21 (7.1%)
and fetuses without abnormalities (3.9%). This
is in general agreement with previous studies; a
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prevalence of 3% to 7% has been reported
among fetuses without abnormalities, with the
largest prospective studies reporting a com-
bined prevalence of 3.7%.21 The calculated LR
for trisomy 21 (1.8; CI, 1–3.2) was slightly lower
than suggested by previous studies (LR,
2.0–4.2).21 This may partly reflect our lower sen-
sitivity of EIF for those fetuses evaluated retro-
spectively compared with those evaluated
prospectively (17% versus 35.6%). The low LR
(1.8) for EIF increases the risk above our thresh-
old risk based on AAURA only for women 35
years or older. Also, Asian patients may not be at
increased risk, because a higher prevalence of
EIF in fetuses without abnormalities has been
observed for these patients.59

The risk of aneuploidy from isolated mark-
ers, including EIF, may be underestimated
among low-risk patients because of incom-
plete ascertainment. Few patients with isolat-
ed EIF undergo chromosome analysis unless
they are already considered at high risk. In one
of the few studies to address this issue,
Simpson and colleagues60 evaluated 205 fetus-
es with isolated EIF from low-risk patients.
Clinical follow-up was obtained by way of a
standard questionnaire completed by the par-
ents when the infant was 6 weeks old. Two
infants (1%) proved to have aneuploidy (1 tri-
somy 21 and 1 unbalanced translocation).

On the other hand, the risk of EIF and other
markers is probably overestimated in studies
in which the fetal karyotype is known for all
patients, because sonographic findings influ-
ence patient decision making. Many high-risk
patients now wait for the results from the 
second-trimester sonography before deciding
to undergo genetic amniocentesis, and high-
risk patients are appropriately more likely to
undergo genetic amniocentesis than low-risk
patients on the basis of the same sonographic
finding. To avoid this bias, we chose to include
all consecutive patients who underwent sec-
ond-trimester sonography in the current
study. If we had restricted control fetuses only
to those who had a known normal karyotype,
then the frequency of EIF would have been
substantially higher (174 [5.4%] of 3233) com-
pared with all patients (3.9%). This effect was
also suggested in other studies21 in which sub-
jects were confined to those with a known
fetal karyotype, which have also shown a high-
er prevalence of EIF.

The frequency of major or structural abnormal-
ities (16.7%) observed in our series of fetuses with
trisomy 21 is in agreement that of with Sohl et al,28

who found major abnormalities in 16.4% of
affected fetuses. A slightly higher frequency
(21.8%) of structural abnormalities was found in a
prior study at our own center, which did not
exclude patients referred because of abnormal
sonographic findings. Other studies50,61 that did
not omit patients referred because of abnormal
sonographic findings have also reported a higher
rate of major abnormalities and would be expect-
ed to show a higher risk for individual markers.

The low detection of structural abnormali-
ties reflects the low sensitivity of sonography
for detection of cardiac defects among fetuses
with trisomy 21 before 20 weeks. In the cur-
rent series, cardiac defects were detected in
8% of affected fetuses, although it should be
noted that the mean gestational age at the
time of scanning was just 16.9 weeks. Even
scanning at an optimal gestational age (24
weeks) under optimal conditions (dedicated
fetal echocardiographic center), with inclu-
sion of subtle ventricular septal defects and
with prior knowledge of the fetal karyotype,
Paladini and colleagues62 were able to detect
heart defects in just more than half of fetuses
with Down syndrome. Using less specific car-
diac findings, such as right-left disproportion,
pericardial effusion, and tricuspid regurgita-
tion, DeVore63 reported cardiac findings in
76% of fetuses with trisomy 21, but just 9%
had an endocardial cushion defect. The mean
gestational age for sonography in that study
was also 18 weeks.

We know of no systematic reason for low detec-
tion of cardiac defects among fetuses with 
trisomy 21. All scans were conducted in a sys-
tematic way, over a sufficient period, by highly
qualified sonographers and with direct physi-
cian supervision. We think that these results are
representative of what other centers can expect
in similar conditions, at a similar gestational age
and with exclusion of referred patients.

Previous experience suggests that mild cerebral
ventricular dilatation (lateral ventricle 10–15 mm)
also increases the risk of trisomy 21.64 Although
some authors5 have categorized it as a major
abnormality, we think it shares similar character-
istics (nonspecific and often transient) with other
minor markers. Because it is also uncommon and
was not observed as an isolated finding, we did
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not separately consider mild cerebral ventricular
dilatation as a sonographic marker in this series.

A normal sonographic finding had an LR of
0.36. Therefore, a normal finding, when scanning
is performed in a standardized way as described
here, will decrease the risk of fetal Down syn-
drome approximately 64%. This result is in agree-
ment with other studies suggesting that a normal
sonographic finding decreases the risk of trisomy
21 in the range of 50% to 70%.6,30,35 This informa-
tion is important, because many women other-
wise considered at high risk on the basis of
maternal age or biochemical screening may
decide to avoid amniocentesis after a second-
trimester “genetic sonogram.”

Limitations of the current study should be
acknowledged. Because genetic amniocentesis
was not performed in all cases, patients with fetal
Down syndrome may have been undetected.
However, we included karyotypic data from both
prenatal and postnatal samples to increase the
ascertainment for trisomy 21. We think that the
number of potential missed cases is small and
would not change the conclusions of this study. It
is reassuring to note that the number of fetuses
with Down syndrome detected among low-risk
patients (n = 8) was nearly identical to that expect-
ed by maternal age distribution during the time
the control patients were examined (7.2 expected).

We attempted to minimize bias of sonographic
findings by excluding cases referred because of
sonographic abnormality. Nevertheless, patients
were seen at a high-risk center, with nearly half of
the control patients referred because of advanced
maternal age or abnormal biochemical screening
results (triple screen). Available evidence suggests
that sonographic findings are independent of
both maternal age and biochemical mark-
ers,37–39,49 further suggesting that sonographic
assessment might be applicable to low-risk
patients. However, caution should be exercised in
applying these LRs to low-risk populations.

In conclusion, a single marker is commonly
encountered for both fetuses with trisomy 21
(22.6%) and fetuses without abnormalities (11.3%).
Four markers (nuchal thickening, echogenic
bowel, shortened humerus, and EIF) were found to
be statistically associated with trisomy 21, even as
isolated findings. The degree of risk associated with
each of the sonographic markers was calculated
with LRs. This information can be integrated with
the patient’s a priori risk to provide an individual
risk for both high- and low-risk patients.
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