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Objective: To assess the value of second trimester genetic ultrasound for screening of Down syndrome conducted at
Srinagarind Hospital, Khon Kaen, Thailand.
Material and Method: The present study sample comprised of 4,033 pregnant women at high risk for fetal chromosomal
abnormality, from 17th to 23th week, who had performed second trimester genetic ultrasound before genetic amniocentesis
between September 1996 and December 2011. Archived medical records relating to results of genetic ultrasound and genetic
amniocentesis were extracted and studied.
Main outcome measure: Sensitivity of genetic ultrasound in the detection of fetal Down syndrome.
Results: There were 3,966 chromosomally normal pregnancies (98.3%), 43 fetuses with Down syndrome (1.1%), and 24
fetuses with other chromosomal abnormality (0.6%). 30 of 43 (69.8%) fetuses with Down syndrome had abnormal genetic
ultrasound. The overall sensitivity of second trimester genetic ultrasound for detecting Down syndrome was 69.8% with a
false-positive rate of 50.4% and likelihood ratio of 1.38. Of all the sonographic markers, short femur, and short humerus
indicated the highest sensitivity at 65.1% and 44.2%. According to likelihood ratio (LR+), chest abnormality, 2 vessel
umbilical cord, and facial abnormality, including cleft lip and palate, have highest likelihood ratio (LR+) of 61.49, 46.12, and
46.10, and had sensitivity at 4.7%, 2.3%, and 2.3% respectively.
Conclusion: The sensitivity of second trimester genetic ultrasound for detection of fetal Down syndrome at Srinagarind
Hospital was rather high, and probably is an alternative method of prenatal prediction for high risk pregnant women who
refused genetic amniocentesis.
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Down syndrome is one of the most common
chromosomal abnormalities caused by extra genetic
material in chromosome 21 (also called trisomy 21)
which influences and alters the course of physical,
mental and cognitive development in a child born
with the condition(1,2). It is the leading cause of prenatal
chromosome aberrations in the world, accounting for
53.0% of all reported chromosome conditions(3).
According to the World Health Organization (WHO),
the estimated incidence of Down syndrome is between
1 in 1,000 to 1 in 1,100 live births worldwide(1). The
incidence of Down syndrome at Srinagarind Hospital,
Khon Kaen, Thailand is somewhat similar to the figures,
8 in 5,420 total births, according to one year data
collected from April 1997 to March 1998(4).

Amniocentesis has been used worldwide for
over the last two decades for prenatal testing to detect
Down syndrome in fetuses(5). Srinagarind Hospital also
has been utilizing amniocentesis, in which 0.95% of all
procedures from 1993 to 2003, fetal Down syndrome
were detected(6). But amniocentesis is not without risks;
it is highly invasive and is associated with procedure-
related miscarriage(5). According to one comprehensive
study on amniocentesis, when maternal age is used
as screening criteria, one normal fetus may be lost for
every 2 fetuses detected with trisomy 21 as a
complication of amniocentesis, and combining maternal
age and triple screen criteria, one fetus may be lost for
every 3-4 fetuses identified with trisomy 21(7,8). A study
conducted at Srinagarind Hospital in 2011 found that
the incidence rate of miscarriage after amniocentesis
to be 0.6%(9). Similarly, the perception of pregnant
women who were at high risk of having babies with
Down syndrome also indicate the low popularity of
amniocentesis, with 46.2% expressing fear of
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miscarriage and 15.5% declining the procedure(6).
Over the years, genetic ultrasound has come

up as a screening option for Down syndrome, which
offers prospects of non-invasiveness and good
detection rates (60.0 to 90.0%)(5). Genetic ultrasound
is performed in the second trimester to detect fetal
aneuploidy, particularly trisomy 21, in which presence
of fetal structural abnormalities, aneuploidy markers
and anomalous fetal biometry are studied(8). The main
markers include nuchal fold, pyelectasis, short femur
and short humerus, hyperechogenic bowel, echogenic
intracardiac focus, and any other significant
abnormality. The presence of any of the sonographic
markers may raise the risk of Down syndrome(10,11).

Many studies have been conducted all
over the world on the use of genetic ultrasound for
screening of Down syndrome. This descriptive
retrospective study aimed to assess the value of genetic
ultrasound for screening of Down syndrome conducted
at Srinagarind Hospital.

Material and Method
This descriptive retrospective study involved

a comprehensive study of the results of genetic
ultrasound for screening of Down syndrome conducted
at Srinagarind Hospital, Faculty of Medicine, Khon
Kaen University over a 15-year period between
September 1996 and December 2011. The present study
population comprised of pregnant women who had
performed second trimester genetic ultrasound by
Maternal and Fetal Medicine specialists before genetic
amniocentesis. A sample of 4,033 of such cases was
evaluated. Archived medical records related to results
of genetic ultrasound and genetic amniocentesis were
extracted and studied. The data extraction was carried
out during June to August 2013. Data extraction
procedure included collection of basic information such
as age, parity, and previous pregnancy history, current
pregnancy information about age of gestation, and
indication for amniocentesis. The data collected from
genetic ultrasound findings included fetal biometry,
structural abnormality, and ultrasound markers.

Statistical analysis were performed by SPSS
11.5 and Epi Info 6. Simple descriptive statistics, such
as frequency, percentage, mean and standard deviation
was used to summarize the data, and calculate
sensitivity, specificity, false-positive rate (FPR) and
likelihood ratios (LR+) with 95% confidence interval
(CI). The sensitivity was calculated as the proportion
of cases with positive test results. The false positive
rate was calculated as the proportion of normal fetuses

with positive test results; which is equivalent to 1-
specificity. The LR+ was calculated as the sensitivity/
false-positive rate. Expected humeral length (EHL) =    -
7.9404 + 0.8492 x BPD If EHL <0.9 is considered to be
abnormal. Expected femur (EFL) = -9.645 + 0.9338 x BPD;
If EFL <0.91 is considered to be abnormal. This research
project was approved by the Human Research Ethical
Committee of Khon Kaen University based on the
principle of Declaration of Helsinki and ICHGCP
standards (Reference No. HE561067).

Results
Of the 4,033 women sample in this study, the

mean age was 37.19 years (SD: 3.264) with 88.8% of
advanced maternal age (>35 years). The mean
gestational age for the fetuses was 18.54 weeks by
ultrasonography (SD: 1.170). The mean gravidity was
2.40 (SD: 1.123), while the mean parity was 1.09 (SD:
0.814). Out of the total sample, 13.8% had previous
remarkable obstetric history, while 86.2% had either no
or normal obstetric history. The major indication for
genetic amniocentesis was elderly gravida (91.5%)
(Table 1).

According to results of genetic amniocen-
tesis, 43 fetuses (1.1%) were found to have Down
syndrome and 24 (0.6%) fetuses had chromosome
abnormality, while 3,966 (98.3%) were found to have
normal chromosome results (Table 2). According to the
ultrasound findings, out of 4,033 women, 30 from 43
(69.8%) were suspected to have pregnancies with Down
syndrome, and 14 from 24 (58.3%) were suspected to
have pregnancies with other chromosomal abnormality,
while 1,991 (49.4%) had normal fetus (Table 2). A normal
genetic sonogram reduced a woman’s risk of having a
fetus with Down syndrome, likelihood ratio (LR+) 1.38
[95% CI (1.135, 1.690)] (Table 3).

The overall sensitivity of genetic ultrasound
to detect Down syndrome was found to be 69.8%,
95% CI (56.040, 83.495) with a false-positive rate of
50.4% and likelihood ratio (LR+) 1.38 [95% CI (1.135,
1.690)] (Table 3). This infers that the likelihood of
finding a fetus with Down syndrome increases by
approximately one-fold given the positive test result.
The data in Table 3 showed the sensitivity, specificity,
false positive rate, and likelihood ratio (LR+) for the
detection of Down syndrome based on the presence of
various markers. The presence of any isolated marker
resulted in sensitivity for the detection of Down
syndrome of 23.3% and likelihood ratio (LR+) 0.23, 95%
CI (0.135, 0.400) while for any combination of markers,
the sensitivity was high at 76.7% and likelihood ratio
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highest likelihood (LR+) of 61.49, 46.12, 46.10, 36.89,
and 23.06 respectively. Positive likelihood ratios of other
sonographic markers like hyperechogenic bowel,
pyelectasis (>3 mm), and hypoplasia of middle phalanx
of 5th digit could not be calculated because of absence
of fetuses with Down syndrome in these cases.

When the data was analyzed in terms of
combination or number of sonographic markers, it was
found that the presence of two markers showed the
highest sensitivity of 32.6% for detection of Down
syndrome in fetuses. Of all other combinations and
numbers of markers, markers of three or more carried
the highest likelihood ratio (LR+) of 3.82, 95% CI
(1.786, 8.155). Absence of any marker or presence of
at least one marker showed positive likelihood ratios of
0.46 and 0.89 respectively, which infers less likelihood
of Down syndrome in fetuses with either one or
absent marker (Table 4).

Discussion
Many studies to date have advocated the

use of prenatal second trimester ultrasound testing as
a decisive tool to consider the need for further
amniocentesis(12,13). The results of the present study
show a medium accuracy of second trimester genetic
sonography for the detection of Down syndrome and
chromosomal abnormalities. In the present study a
sensitivity of 69.8% and a false-positive rate of 50.4%
were obtained for the diagnostic accuracy of second
trimester prenatal ultrasound. This is consistent with
other studies conducted on the second trimester genetic
sonography in which Nyberg et al(14) reported 50.0%
sensitivity and 7.0% false-positive rate, Sohl et al(15)

reported 67.0% sensitivity and 17.0% false-positive rate,
and Nyberg et al(16) reported 68.0% sensitivity and
12.0% false-positive rate. The result of the present study
also showed a likelihood of 1.38 for positive test of
Down syndrome, which infers that the likelihood of a
fetus with Down syndrome increases by approximately
one-fold given the positive test result, and finding a
positive test for Down syndrome with genetic sonogram
increases the probability of actually finding a fetus

Total Normal Abnormal Down syndrome Other chromosomal
cases n (%) n (%) n (%) abnormalities

n (%)

Genetic ultrasound 4,033 1,991(49.4) 2,042 (50.6) 30/43 (69.8) 14/24 (58.3)
Genetic amniocentesis 4,033 3,966 (98.3) 67 (1.7) 43/43 (100.0) 24/24 (100.0)

Table 2. Results of genetic ultrasound and genetic amniocentesis

Total (n = 4,033)
n (%)

Maternal age, mean + SD = 37.19+3.264
<35 years 450 (11.2)
>35 years 3,583 (88.8)

Gestational age,
mean + SD = 18.54+1.170
Gravidity, mean + SD = 2.40+1.123

1 863 (21.4)
2 1,515 (37.5)
3 1,088 (27.0)
4 567 (14.1)

Parity, mean + SD = 1.09+0.814
0 896 (22.2)
1 2,056 (51.0)
2 927 (23.0)
>2 154 (3.8)

Previous obstetrics history
Remarkable 555 (13.8)
Unremarkable 3,478 (86.2)

Indication for genetic amniocentesis
Elderly gravida 3,689 (91.5)
Previous down syndrome 141 (3.5)
Other abnormalities 203 (5.0)

Table 1. Demographic data of pregnant women received
genetic ultrasound performed

(LR+) 0.77, 95% CI (0.651, 0.905).
Isolated markers detected by ultrasound

showed much less sensitivity on their own, as compared
to the combination of them. Two markers; short femur
and short humerus showed sensitivity of    65.1% and
44.2% with likelihood ratios (LR+) 1.39, 95% CI (1.110,
1.729) and 2.22, 95% CI (1.578, 3.126) respectively.
Similarly, isolated markers like echogenic  intracardiac
foci, nuchal fold (>6 mm), showed 20.9% and 18.6%
sensitivity with likelihood ratios (LR+) 3.64, 95% CI
(2.009, 6.597) and 0.88, 95% CI (0.469, 1.648). Of all the
structural abnormality, of chest, abnormality 2 vessel
umbilical cord, facial abnormality including cleft lip and
palate, spine and extremities, and abdomen carried the
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with Down syndrome from 46.0% to 87.0%.
On evaluation of the isolated aneuploidy

markers, it was found that except for nuchal fold (>6),
short femur, any isolated marker, and any combination
of markers, all of the other markers had likelihood ratios
of greater than 2. This result is in agreement with a
meta-analysis by Smith-Bindman et al(17), which
concluded that isolated markers (other than structural
abnormalities) cannot significantly predict Down
syndrome in fetus.

In the present study, isolated marker of
increased nuchal fold thickness of 6 mm or more
showed 18.6% sensitivity to detection of Down
syndrome with a positive likelihood ratio of 0.88 and
false-positive rate of 21.2% Similar results were obtained
at Meir Hospital in Tel-aviv, Israel, in which the
sensitivity of increased nuchal fold thickness was 23.0%
with a false-positive rate of 9.6%(18). Increased nuchal
fold thickness is considered to be one of the most
important isolated markers for predicting Down
syndrome. Various study results show higher
likelihood ratios of a positive test with Down syndrome
with this marker; Aagaard-Tillery(19) found a likelihood
ratio of 49.04, while studies by Sacco(20), Vintzileos(7),
and DeVore(21) found likelihood ratios of 61.27, 43.50,
and 19.23 respectively. In the present study a positive
likelihood ratio of only 0.88 was obtained indicating a
very small likelihood of Down syndrome with presence
of nuchal fold marker.

Presence of structural anomalies of chest, 2
vessel umbilical cord, facial abnormality including cleft
lip and palate, spine and extremities, and abdomen
showed high positive likelihood ratios of 61.49, 46.12,
46.10, 36.89, and 23.06 respectively for the detection of
Down syndrome with a positive test result, which is in
congruence with results from Aagaard-Tillery(19),
DeVore(21), Wax(22) and Weisz(23). In the present study,
isolated markers of short femur and short humerus,
both showed high sensitivity of 65.1% and 44.2% with
positive likelihood ratios of 1.39 and 2.22 respectively.
Similar results were obtained by studies conducted
by Weisz(23) and Bromley(24), in which the likelihood
ratios for short femur were found to be 1.74 and 1.2
respectively. For short humerus, other studies showed
slightly higher likelihood ratios ranging from 1.6 to
5.8(17,24,25). Four isolated markers, such as  chest
abnormality, 2 vessel umbilical cord, facial abnormality
including cleft lip and palate, spine and extremities,
and abdomen showed very high positive likelihood
ratios at 61.49, 46.12, 46.10, 36.89, and 23.06 respectively
but indicated very low sensitivities at 4.7%, 2.3%, 2.3%,

4.7%, and 6.9% respectively which infers their poor
ability to confirm the disorder and thus warrants further
investigations when these isolated markers are
evaluated for detection of Down syndrome in a fetus.

On evaluation of the number of markers
detected and combination of markers analyzed, it was
found in this study that the presence of no marker
during genetic sonography gave out a positive
likelihood ratio of 0.46, which increased to a positive
likelihood ratio of 0.89 and 2.08 when one and two
markers were identified. The likelihood ratio (LR+)
further increased to 3.82 when three or more markers
were considered. This shows that the probability of
detecting Down syndrome increases with the increase
in the number of markers identified during the test.
These results were similar to the results obtained by
Bromley et al,  in which a likelihood ratio of 0.20 was
calculated for no marker, which significantly increased
to 1.9, 6.2 and 80.0 when the number of markers
increased to one, two and three respectively(24).

The findings from this present study show
that detailed sonography in the second trimester with
normal findings (no markers) can significantly reduce
the risk of fetal Down syndrome in high-risk patients,
which is consistent with the findings from an 11 year
period prospective study by Bromley et al, in which a
scan with normal results showed an 80.0% reduction in
chances of a fetus with Down syndrome (likelihood
ratio: 0.20)(24). Similarly, Agathokleous et al, concluded
that the presence of sonographic markers increase, while
absence of sonographic markers decrease the risk for
Down syndrome(26). However, a multicenter prospective
study conducted by Smith-Bindman et al, reported in
contrast that the negative likelihood ratios were not
low enough to decrease the risk of Down syndrome in
fetuses(13). However, Bromley et al disagree and
conclude that in experienced hands, normal genetic
sonography test without any markers can reduce the
probability of Down syndrome by 60.0% to 80.0% in
fetuses(24).

Although prenatal second trimester screening
with ultrasound may provide conclusive results on the
probability of fetus with Down syndrome, the decision
on further testing, or further selection of outcome-based
options, and the feeling of reassurance, all come down
to the pregnant women themselves. It is therefore
important to use the findings of the ultrasound to help
enable the women to make decisions on the course of
action needed. In a similar study conducted at Hospital
San Gerardo, Monza, Italy, it was found that second
trimester ultrasound findings had an important
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reassuring function for women, in which normal
sonographic findings affected women’s decisions more
than abnormal findings(25).

Conclusion
The present study set out to assess the value

of second trimester genetic ultrasound for the screening
of pregnancies at increased risk of Down syndrome.
A rather high accuracy of second trimester genetic
sonography was obtained for the detection of Down
syndrome. The probability of detecting Down
syndrome increases with the increase in the number of
markers identified during genetic ultrasound.

Finally, genetic ultrasound in this study
probably is an alternative method of prenatal prediction
for high risk pregnant women who refuse genetic
amniocentesis.
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