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SUMMARY - The aim of this study was to present the results and to explore the success of
combined screening at the Split University Hospital Center. A cross-sectional retrospective study
was performed, including all pregnant women who underwent combined screening at the Split
University Hospital Center from 2011 to 2017. Data were collected from the hospital archives.
During the research period, a total of 6898 pregnant women underwent combined screening. With
the high risk cut-off value set at 1:250, the sensitivity of combined screening was 81.0% and speci-
ficity 96.8% (AUC 0.929, 95% CI 0.859-1.000; p<0.001). The mean value of a priori risk of Down
syndrome based on age was higher than the one calculated by combined screening (1:487.57 vs.
1:13216.9; p<0.001). The number of women who were a priori at a high risk of Down syndrome was
significantly higher than the number of those at a high risk based on combined screening results
(1457 vs. 239; p<0.001). With the increase in women’s age, a statistically significant increase was
detected in the mean value of @ priori risk of Down syndrome, as well as in the risk based on com-
bined screening results (p<0.001). Combined screening detected a high risk in 8.09% (118/1457)
of pregnant women a priori at a high risk of Down syndrome, as well as in 2.22% (121/5441) of
pregnant women 4 priori at a low risk of it. Thus, combined screening placed 121 pregnant women
a priori at a low risk in the high-risk group. Down syndrome was subsequently confirmed in 17
(14.05%) women. Analysis of the combined screening results confirmed the validity of using the
said fetal Down syndrome screening method in the study population of pregnant women.
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Introduction

Down syndrome is the most common trisomy,
occurring in about 1:650 live births®. It is caused by
an extra chromosome 21, and most commonly occurs
as a consequence of fertilization of a disomic gamete,
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which is the result of the failure of homologous chro-
mosomes to separate. This failure can occur both in
meiosis during gametogenesis, and in the early mitotic
divisions of the zygote®. The syndrome is often associ-
ated with various inherited anomalies, mental retarda-
tion, and susceptibility to various diseases’. The prob-
ability of Down syndrome increases with an increase
in mother’s age (a priori risk), and especially after 36
years of age®.

Prenatal detection of fetal chromosome abnormali-
ties begins with screening procedures, which always are
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noninvasive and suitable for all pregnant women. The
aim is to select the high-risk group whenever the ap-
plication of further invasive prenatal diagnostics (such
as early amniocentesis) is justified®. The gold standard
among screening methods for fetal chromosome ab-
normalities in contemporary perinatology is combined
first trimester screening®’. Risk calculation is based on
the a priori risk of the pregnant woman, with regard
to her age, as well as ultrasound (nuchal translucency,
nasal bone and ductus venosus flow) and biochemi-
cal factors from the pregnant womans blood serum
(pregnancy associated plasma protein A [PAPP-A]
and beta subunit of human chorionic gonadotropin
[B-hCG]). Down syndrome detection by combined
first trimester screening amounts to up to 90%, with
false-positive findings amounting to 5%°. Alternative
biochemical screening methods during the second tri-
mester yield less reliable results, and are routinely used
as methods of the second order’. Combined first tri-
mester screening detects Down syndrome earlier than
biochemical tests in the second trimester, which opens
the possibility for an earlier, safer and less traumatic
termination of pregnancy. A disadvantage is the fact
that combined first trimester screening also detects a
part of pregnancies with Down syndrome that would
end in a miscarriage by the second trimester. Therefore,
in cases when a combined first trimester screening is
performed, the incidence of abortions for eugenic
or medical reasons is slightly higher than when bio-
chemical tests in the second trimester are performed®”’.
Contemporary screening methods based on the deter-
mination and analysis of cell-free DNA fetal fraction
in the serum of pregnant women are superior relative
to other methods, but have not taken precedence over
combined first trimester screening anywhere in the
world due to their price’.

This paper presents the results of the application of
combined first trimester screening to the population
of pregnant women at the Split University Hospital
Center, Split, Croatia.

Subjects and Methods

A retrospective cross-sectional study was carried out.
'The study involved all pregnant women who underwent
combined first trimester screening for fetal chromo-
some abnormalities at the Split University Hospital
Center from January 1, 2011 to December 31, 2017.
Relevant data were collected from digital archives of the
Department of Medical Laboratory Diagnostics, as well
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as from the archives of the Department of Gynecolo-
gy and Obstetrics. The following data were taken into
account: (a) age of participants, (b) gestational age, (c)
values of a priori risk of fetal chromosome abnormalities
based on the pregnant women’s age, (d) values of risk
of fetal chromosome abnormalities calculated by com-
bined first trimester screening, (e) previous implemen-
tation of combined first trimester screening in women
to whom abortion was approved for eugenic or medical
reasons, and (f) previous implementation of combined
first trimester screening in women who bore a child
with chromosomal abnormalities.

The ultrasound part of the screening was per-
formed by means of an Aloka SSD 3500 SX ultra-
sound device. Biochemical analysis was performed by
ElectroChemiLuminiscence (Elecsys)” Roche method
for free §~hCG and PAPP-A. Combined first trimes-
ter screening was performed by the Roche SsdwLab
V5.0 software that was granted by Fetal Medicine
Foundation accreditation.

The calculated probability of having a child with
trisomy 21 higher than 1:250 was considered to be
high-risk, while the probability lower than this value
was considered as low-risk. A priori high risk of fetal
Down syndrome based on the age of pregnant women
implies the age of 36 years and above, while a priori
low risk implies the age under 36 years.

The study was approved by the Research Ethics
Committee of the Split University Hospital Center
(Class: 500-03/18-01/19; Ref. No.: 2181-147-01/06/
M.S.-18-2) as of April 10, 2018.

Statistical analysis

The Kolmogorov-Smirnov test was performed in
order to assess the normality of the variables. Quanti-
tative variables were described as mean + standard de-
viation (M * SD). Qualitative variables were analyzed
by means of the x-test, while quantitative variables
were analyzed by means of the ANOVA. Pearson’s
correlation coefficient was applied in order to deter-
mine the association between variables. Sensitivity,
specificity and diagnostic accuracy were calculated
by means of the Receiver Operating Characteristics
(ROC) analysis, indicating the area under the curve
(AUC) value, relevant 95% confidence intervals (CI)
and p-value. The level of statistical significance was set
at p<0.05. Statistical analysis was performed by means
of SPSS for Windows® (version 25.0, IBM Corp., Ar-
monk, NY, USA) and Microsoft Excel for Windows
11.0 (Microsoft Corporation).
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Results

During the observed seven-year period, a total of
8423 screenings for fetal chromosome abnormalities
was performed at the Department of Gynecology and
Obstetrics, Split University Hospital Center, which
amounted to 27.28% of all births. Combined first
trimester screening was performed in 6898 (81.89%)
pregnant women and biochemical tests in the second
trimester in 1525 (18.11%) pregnant women. The
share of combined first trimester screening gradually
increased over time, from 55.66% at the beginning to
91.13% in the last study year. At the time of screen-
ing, the highest number of pregnant women (n=2758,
39.99%) were 30-35 years old. In addition, 70 (1.01%)
women were younger than 20, and 652 (9.45%) of
them were between 20 and 25 years old. Also, 1891
(27.41%) women were between 25 and 30 years old,
while 1391 (20.17%) women were between 35 and 40
years old, and only 136 (1.97%) of them were older
than 40.

Combined first trimester screening was per-
formed between the 10® and 14" week of pregnan-
cy. The highest number of pregnant women under-
went screening in the 12 (n=3375, 48.93%) and 13™
(n=2611, 37.85%) week of pregnancy. However, 12
(0.17%) women underwent screening in the 10" week,
586 (8.50%) women in the 11" week, and 314 (4.55%)
women in the 14 week of pregnancy.

'The low-risk combined first trimester screening re-
sult was calculated for 6659 (96.5%) pregnant women,
with 4 (0.06%) results turning out to be false-negative.
Out of 239 high risk results, Down syndrome was con-
firmed in 17 (7.1%) cases. Out of the total of 21 preg-
nancies with Down syndrome, combined first trimes-
ter screening successfully detected 17 (80.1%) of them.

The combined first trimester screening found 239
pregnant women at a high risk of Down syndrome.
In the same period, 94 early amniocentesis procedures
were indicated based on the results of combined first
trimester screening, meaning that the approximate ac-
ceptance of early amniocentesis amounted to 40%.

The AUC shows diagnostic accuracy, and amount-
ed to AUC 0.929, 95% CI 0.859-1.000, p<0.001, for
the combined first trimester screening for Down syn-
drome of the study population (Fig. 1). With the spec-
ificity fixed at 95%, the sensitivity of the combined first
trimester screening was 81% for the study population.
With the cut-off value fixed at 1:250, the sensitivity of

the combined first trimester screening was 81% and
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specificity 96.8%.

As for the total sample, the mean value of a priori
risk of Down syndrome based on the age of pregnant
women was 1:487.57, and was statistically significantly
higher than the mean risk value calculated by means
of combined first trimester screening, which was
1:13216.9 (ANOVA, p<0.001). With the increase in
the age of pregnant women, the mean value of a priori
risk of fetal Down syndrome based on age increased,
and so did the risk calculated by means of combined
first trimester screening. The difference in the mean
value of @ priori risk based on age, as well as on the re-
sults of combined first trimester screening between age
groups was statistically significant (ANOVA, p<0.001).
Both risks increased with the age of pregnant women.
A priori risk based on age was higher than the risk cal-
culated by means of combined first trimester screening
in all age groups (Table 1).

Analysis of the study group showed that there was a
positive correlation between a priori risk of fetal Down
syndrome based on age and the risk calculated by
means of combined first trimester screening (r=0.377,
p<0.001). With the increase of a priori risk based on
age, the value of the risk based on combined first tri-
mester screening increased as well, and wice versa.

Table 2 shows comparison of the number of preg-
nant women a priori at risk of fetal Down syndrome
and number of pregnant women at risk based on the
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Fig. 1. Receiver Operating Characteristic (ROC) curve for
combined first trimester screening of the study population.
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Table 1. Mean values of a priori risk of fetal Down syndrome based on age and risk calculated by means of combined first

trimester screening in dijferenf age groups

Age group (years)
<20 20-25 25-30 30-35 35-40 >40
A prioriviskbased on | 4.950 4 1:872.04 1:702.1 1:415.24 1:179.53 | 1:51.84
age (mean)
Risk based on
combined screening 1:24583.71 1:22420.54 1:19529.69 1:11223.23 1:4859.9 1:1372.82
(mean)

Table 2. Comparison of the number of pregnant women a priori at risk of fetal Down syndrome based on age and number
of those at risk based on the results of combined first trimester screening, with the cut-off value set at 1:250

Risk group Risk >1:250 Risk <1:250 p
A priori risk based on age, n (%) 1457 (21.1) 5441 (78.9)

<0.001"
Risk based on combined screening, n (%) 239 (3.5) 6659 (96.5)

*X3-test

results of combined first trimester screening, with the
cut-off value set at 1:250. There were 1457 (21.1%)
pregnant women a priori at a high risk based on age,
while 239 (3.5%) women were at a high risk based on
the combined first trimester screening results. The dif-
ference between the number of pregnant women at a
high risk based on age and number of women at a high
risk based on combined first trimester screening was
statistically significant (x*=997.3242, p<0.001).

Out of 1457 pregnant women a priori at a high risk
of fetal Down syndrome based on age, high risk was
detected by means of combined first trimester screen-
ing in 118 (8.09%) women, with trisomy 21 being con-
firmed in 10 cases. Out of 5441 pregnant women a
priori at a low risk of fetal Down syndrome, combined
first trimester screening detected 121 (2.22%) women
at a high risk, with trisomy 21 being subsequently con-
firmed in 17 (14.05%) cases.

Discussion

Nowadays, combined first trimester screening rep-
resents the gold standard among fetal chromosome
abnormality detection techniques®’. The fact that it
is performed in the first trimester constitutes its great
advantage. All of its characteristics show that it is more
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successful than previously widely used biochemical
tests and ultrasound screening in the second trimes-
ter’. Successful detection of up to 90% of Down syn-
drome cases with false-positive results amounting to
5% is expected!™2. As for the population, this means
that 5% of all screening subjects will be characterized
as high-risk. By carrying out invasive prenatal diag-
nostic methods, by means of which chromosome ab-
normalities can be proven, 90% of all Down syndrome
cases will ultimately be detected. The remaining 10%
will remain ‘unidentified’ within the group of 95% of
women at a low risk based on screening results.

In 2006, systematic application of combined first
trimester screening was initiated in Croatia (Zagreb),
at the Sestre milosrdnice University Hospital Center®.
At the Department of Gynecology and Obstetrics,
Split University Hospital Center, combined first tri-
mester screening was initiated in 2011, and it makes
up about 90% of all screenings. Prenatal screening at
the Split University Hospital Center is applied to more
than a quarter of all pregnancies (27.28%). Acceptance
of prenatal screening for fetal chromosome abnormal-
ities by pregnant women in developed countries varies
from 20% to more than 90%'. The most significant
factors are adequate awareness and the possibility of
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performing the test during a routine pregnancy check-
up. However, one should not ignore the level of edu-
cation, as well as religious views of women, and many
other factors*1”
very small share of pregnant women who undergo
screening in countries where prenatal care is not part
of the primary health care”. In countries where the
OSCAR program is accepted as a standardized model
for informing pregnant women, performing combined
first trimester screening and obtaining the results on
the same day, the acceptance of combined first trimes-
ter screening reaches 98%?%.

Our results show that the acceptance of com-
bined first trimester screening gradually increased over
time, as during the first few years after it had been
introduced, a large proportion of prenatal screening
methods for fetal Down syndrome still consisted of
biochemical tests in the second trimester. Over time,
more and more pregnant women started accepting the
newly introduced combined first trimester screening,
which had been unknown to them until then. That
may also partly be because gynecologists started ded-
icating more time to introducing pregnant women to
the combined first trimester screening. Combined first
trimester screening is undoubtedly better and more
reliable and has therefore replaced second trimester
biochemical tests, as well as started being used more
often’.

At the time of carrying out the combined first tri-
mester screening, 77.86% of pregnant women were
younger than 35. Most women were aged between 30
and 35 years (39.99%), while the lowest number of
them were aged under 20 (1.01%) and over 40 (1.97%).
These results are in harmony with the report compiled
by the Croatian Institute of Public Health regarding
the age of new mothers in Croatia®. In 2015, 73.6%
of pregnant women who underwent combined first
trimester screening in California were younger than
35%, The results from Korea were almost identical, as
78.4% of pregnant women were younger than 35, with
49% being aged from 30 to 35?'. The combined first
trimester screening at the Split University Hospital
Center is performed between the 10* week and the
end of the 14® week of pregnancy, in accordance with
the international standards and evidence-based med-
ical recommendations™®. In Split, the highest number
of pregnant women underwent screening in the 12*
(48.93%) and 13™ (37.85%) week of pregnancy, while
only 8.50% of them underwent it in the 11* week,

. 'The evidence for the foregoing is a
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when the detection level is highest. Due to difference
in concentration between trisomy and euploid preg-
nancies, PAPP-A as an isolated marker has the highest
sensitivity between the 9" and 11* week. 8-hCG fol-
lows a different pattern and its significance is highest
after the 13™ week. The mathematical significance of
PAPP-A in final calculation was estimated to be high-
er. Thus, according to reference works, combined first
trimester screening should optimally be carried out in
the 11 week of pregnancy'®#.

A number of studies confirm that, due to the ag-
ing of primary oocytes, the risk of bearing a child with
chromosome abnormalities increases with the increase
in age*. Therefore, older pregnant women have a higher
mean value of a priori risk of fetal Down syndrome
based on age, as well as a higher mean value of risk
based on the results of combined first trimester screen-
ing, which was proven by our results too. This connec-
tion was expected given the fact that the starting point
for the calculation of risk in combined first trimester
screening is a priori risk based on age.

The share of pregnant women at a high risk of fe-
tal Down syndrome based on age was six times higher
than the one based on combined first trimester screen-
ing (21.1% ws. 3.5%) for the examined population. It is
evident that the use of combined first trimester screen-
ing is a medically cost-effective procedure that can
significantly increase the rate of chromosome abnor-
mality detection, with less invasive prenatal diagnostic
procedures. In that way, the risk of complications and
miscarriages is reduced (with early amniocentesis, they
occur in 0.5% to 1% of the procedures)®.

In developed countries, 50% to 80% of pregnant
women opt for early amniocentesis or some other
confirmatory method after a high-risk combined first
trimester screening result'®?!. The acceptance rate of
early amniocentesis in the Split University Hospital
Center was lower than the above and amounted to
40%. Studies show that more pregnant women agree
to invasive confirmatory methods if they are properly
informed about the importance of prenatal screening
for fetal chromosome abnormalities, as well as about
the procedure itself*.

In the examined population, ROC analysis showed
that the sensitivity of combined first trimester screen-
ing pertaining to the detection of Down syndrome
amounted to 81%, with 96.8% specificity and cut-off
value set at 1:250. Reference works describe the sen-
sitivity of combined first trimester screening in Down
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syndrome detection to range from 80% to 90%, with
5% of false-positive findings™®. Our results fit into
the expected sensitivity range, with fewer false-pos-
itive findings, or slightly higher specificity. It should
be pointed out that the calculation of sensitivity and
specificity in our population was indicative only and
it did not fully reflect the real situation, which was
one of the limitations of our research. We were not
able to follow the outcome of each tested pregnancy,
but only the ones pertaining to the pregnant women
who requested abortion for eugenic reasons, who un-
derwent the procedure of early amniocentesis, or who
delivered a child with chromosome abnormalities at
the Split University Hospital Center. As for others, we
assumed that they gave birth to children with a normal
karyotype. Another limit was a relatively small sample
considering the low incidence of Down syndrome in
the population (0.29% of pregnancies and 0.15% of
newborns)®.

In the Republic of Croatia, screening for chromo-
some abnormalities is not organized at the nation-
al level. In 2010, the Croatian Society for Perinatal
Medicine suggested that early amniocentesis be rec-
ommended to every pregnant woman aged 36 or old-
er at the time of conception, as well as that biochemi-
cal screening of the second trimester or the combined
first trimester test be recommended to younger wom-
en”.

In recent years, the techniques of cell-free fetal
DNA analysis of maternal blood for the purpose of
detecting chromosome abnormalities (noninvasive
prenatal testing, NIPT) are being increasingly applied.
Their advantage is 99% sensitivity, with false-positive
findings amounting to only 1%. With a slightly higher
level of detection, the number of invasive procedures
decreases five times (1% ws. 5% of false-positive re-
sults)!®*. Financial savings resulting from a decrease
in the number of early amniocentesis and other similar
procedures is not yet nearly enough to compensate for
the extremely high cost of NIPT. For this reason alone,
combined first trimester screening remains the fun-
damental screening procedure for fetal chromosome
anomalies in contemporary perinatology®”*.
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Sazetak

KOMBINIRANI TEST PROBIRA NA FETALNI DOWNOV SINDROM U KLINICKOM BOLNICKOM
CENTRU SPLIT: SEDMOGODISNJE ISKUSTVO

D. Jakus, D. Roje, 1. Alujevic Jakus, L. Tandarai K. C'epif’

Cilj ovog istrazivanja bio je prikazati rezultate i istraZiti uspje$nost kombiniranog testa probira u Klini¢kom bolni¢kom
centru Split. Provedeno je presjecno retrospektivno istrazivanje. Ukljucene su sve trudnice u kojih je proveden kombinirani
test probira u Klinickom bolni¢kom centru Split od 2011. do 2017. godine. Podatci su prikupljeni iz bolnicke arhive. Kom-
biniranom testu u istrazivanom razdoblju je pristupilo 6898 trudnica. Uz grani¢nu vrijednost rizika od 1:250 osjetljivost
kombiniranog testa bila je 81,0% uz specifi¢nost od 96,8% (AUC=0,929, 95% CI 0,859-1,000, p<0,001). Srednja vrijednost
a priori rizika od Downova sindroma prema Zivotnoj dobi bila je ve¢a od rizika izratunatog kombiniranim testom (1:487,57
naspram 1:13216,9, p<0,001). Broj a priori visokorizi¢nih trudnica za Downov sindrom bio je znacajno veéi od broja vi-
sokorizi¢nih trudnica prema rezultatima kombiniranog testa (1457 naspram 239; p<0,001). Porastom Zivotne dobi trudnica
statisticki se znacajno povecava prosje¢na vrijednost a priori rizika za Downov sindrom i rizika prema rezultatima kom-
biniranog testa (p<0,001). Kombiniranim testom je visoki rizik izracunat u 8,09% (118/457) a priori visokorizi¢nih i 2,22%
(121/5441) a priori niskorizi¢nih trudnica. Na taj je nacin kombinirani test od @ priori niskorizi¢nih izdvojio 121 trudnicu
u visokorizi¢nu skupinu. Downov sindrom je naknadno protvrden u njih 17 (14,05%). Analizom rezultata kombiniranog
testa je potvrdena opravdanost primjene ovog nacina probira na Downov sindrom ploda na istrazivanoj populaciji trudnica.

Kljuéne rije¢i: Kombinirani test; Prenatalni probir; Downov sindrom
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