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Abstract

Introduction: Down syndrome is one of the most common chromosomal abnormalities in humans.
Patients have typical dysmorphic features and various congenital malformations. Congenital heart
defects were reported as the most common of the latter, occurring in approximately 50% of the cases.
The aim: We aimed to analyse the long-term trends in the prevalence of Down syndrome and related
heart defects in the population of southern Poland (Krakow region).

Material and methods: We analysed 500 consecutive patients with Down syndrome who were born
from 2006 through 2017 and were diagnosed at the Department of Medical Genetics, Jagiellonian
University. Next, we compared our results with the data obtained in previous regional studies.

Results: The prevalence of Down syndrome in the assessed period was 1.65 per 1,000 live births and
was similar to the historical prevalence in our region. Cardiac malformations were detected in 57.6% of
the patients and the common atrioventricular canal (CAVC) was the most frequent anomaly (35.1%).
However, detailed analysis of the frequency of severe heart defects that usually require prompt surgical
treatment in the course of infancy revealed that the percentage of CAVC has been significantly lower in
recent years (p=0.033).

Conclusions: The prevalence of Down syndrome and the overall frequency of congenital heart defects
have not significantly changed in recent years. However, the frequency of CAVC has decreased, which
could be related to the technical progress in prenatal detection of this severe anomaly, and to the
subsequent elective terminations of affected pregnancies. Further population studies are required to
confirm the presence of this trend and elucidate its background.
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Streszczenie

Wprowadzenie: Zespét Downa to jedna z najczestszych aberracji chromosomowych u ludzi.
U pacjentéw stwierdza sie obecnos¢ typowych cech dysmorfii i réznorodnych wad wrodzonych, sposréd
ktdrych w okoto 50% przypadkdw wystepujq wrodzone wady serca.

Cel: Celem badania byta analiza dtugoterminowych trenddw w czestosci wystepowania zespotu Downa
i wspétwystepujqcych wad serca w populacji potudniowej Polski (region Krakowa)).

Materiat i metody: W badaniu przeanalizowano dane dotyczqce 500 pacjentéw z zespotem Downa,
urodzonych w latach 2006-2017 i zdiagnozowanych w Zaktadzie Genetyki Medycznej Uniwersytetu
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Jagielloriskiego w Krakowie. Wyniki poréwnano nastepnie z historycznymi danymi uzyskanymi
w ramach badan prowadzonych wcze$niej w naszym regionie.

Wyniki: Czestos¢ zespotu Downa w potudniowej Polsce wynosita w badanym okresie 1,65 na 1,000
zywych urodzen i byta podobna do czestosci obserwowanej wczesniej w naszym regionie. Obecnosc
wrodzonej wady serca stwierdzono u 57,6% pacjentéw. Najczestszq stwierdzanqg anomaliq byt wspdiny
kanat przedsionkowo-komorowy (35,1%). Szczegétowa analiza towarzyszqcych wrodzonych wad serca,
ktoére zwykle wymagajq interwencji kardiochirurgicznej w wieku niemowlecym wykazata, Zze odsetek
CAVC istotnie zmniejszyt sie w poréwnaniu do wczesniejszego okresu (p=0,033).

Whioski: Czestos¢ wystepowania zespotu Downa i ogélna czestos¢ wrodzonych wad serca nie zmienita
sie istotnie w ciqgu ostatnich lat. Zmniejszyta sie liczba przypadkéw CAVC, co moze by¢ zwigzane z
postepem technicznym w zakresie prenatalnego wykrywania tej ciezkiej anomalii i, w przypadku jej
stwierdzenia, z elektywnq terminacjq ciqzy. W celu ostatecznego potwierdzenia obecnosci i wyjasnienia
przyczyn zaobserwowanego trendu niezbedne jest przeprowadzenie badan populacyjnych.

Stowa kluczowe: wspdlny kanat przedsionkowo-komorowy, trisomia 21, diagnostyka prenatalna,

malformacje
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INTRODUCTION

Down syndrome (trisomy 21) is a genetic disorder
resulting from the presence of an additional (third) copy
of chromosome 21 [1]. It is one of the most common
chromosomal abnormalities in humans. The prevalence
of trisomy 21 increases with advanced maternal age [2, 3].
In comparison to women aged 25 years, women over 40
years of age have an increased risk for maternal meiotic I
error (odds ratio 5.2) and for maternal meiotic II errors
(odds ratio 51.4), which could result in a pregnancy aftected
with Down syndrome [4]. The meiotic error is of maternal
or paternal origin in 91.60% and 8.39% of the cases,
respectively [5]. Altered recombination patterns also play a
significant role in maternal nondisjunction. The increased
risk of nondisjuncton of chromosomes during meiosis can
result from no exchange between chromosomes, a single
telomeric exchange, or pericentromeric exchange [6, 7,
8]. The great majority of Down syndrome cases (about
95%) is caused by simple trisomy of chromosome 21,
whereas 2% is due to mosaicism, 1-3% to translocations
and less than 1% to other reasons [9, 10].

The main features of Down syndrome include
intellectual disability, facial dysmorphism, and various
congenital malformations. Long-term population studies
[11] showed that 64% of the patients with trisomy 21 have
atleast one major anomaly. Congenital heart defects were
reported as the most common malformations, occurring
in 44% of the cases. Other malformations were far less
frequent and included gastrointestinal system anomalies
(6%), musculoskeletal abnormalities (5%), urinary
system defects (4%), respiratory system abnormalities
(2%), eye and central nervous system anomalies (1%
and 0.8%, respectively) and other defects (1.7%). The
most common congenital heart defect was the common
atrioventricular canal (30% of defects), followed by an
atrial septal defect (25%), ventricular septal defect (22%),
patent ductus arteriosus (5%), tetralogy of Fallot (3%)
and other abnormalities (14%).

Data on the prevalence of Down syndrome and
congenital heart defects in the Krakow region (southern
Poland) were already published several years ago [12,
13]. However, recent progress in the field of ultrasound
imaging offers the possibility for detection of small heart
defects in the early period of foetal development. The
availability of complementary prenatal tests for early
detection of chromosomal abnormalities allows quick
confirmation of the presence of Down syndrome in the
affected foetuses. This, in turn, can result in the termination
of some pregnancies. The above factors could significantly
influence the prevalence of Down syndrome cases with
severe heart defects.

The aim of our study was to analyse the long-term
trends in the prevalence of Down syndrome and related
congenital heart defects in the population of southern
Poland.

MATERIAL AND METHODS

We analysed the medical records of 500 consecutive
patients with Down syndrome who were diagnosed in the
Department of Medical Genetics, Jagiellonian University
Medical College in Krakow, in the years 2006-2017. All
the patients with Down syndrome were karyotyped in the
Department of Medical Genetics and were subsequently
followed up in the outpatient clinics of the University
Children’s Hospital. The results of clinical examinations
and of additional diagnostic tests, including detailed
echocardiograms, were available for all the patients.

In order to calculate the mean prevalence of Down
syndrome in the general population of southern Poland in
the period 2006-2017 we consulted the official database of
Statistics in Poland (www.stat.gov.pl). Next, we analysed
the medical records of our patients with regard to the
presence and type of congenital heart defects and other
major malformations, as defined in EUROCAT guidelines
for the registration of congenital anomalies (www.eurocat-
network.eu). Finally, we compared our findings with
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Table 1. Specific heart defects in the studied group of patients and in the historical cohort described by Malec et al.
Tabela I. Specyfika wad serca w badanej grupie pacjentow i w grupie opisanej przez Malec i wsp.

Study by Malec et al.

Statistical significance

zazwyczaj wczesnej interwencji
kardiochirugicznej

(*108)

This study - of differences between cohorts
. (100 patients) : ,
gi%gzhgerztpz Grupa opisana Istotrszls'séhset::l:yes)t(';grzgsrtgiedzy
2k przez Malec i wsp. . . ol
(500 pacjentow) (100 pacjentow) dwiema grupami pacjentow
pacj (doktadny test Fishera)
Congenital heart defects usually
requiring early surgical treatment o
Wrodzone wady serca wymagajgce 215 (74.6%) 89 (89%)

Common atrioventricular

canal (CAVC)

Wspdlny kanat
przedsionkowo-komorowy (CAVC)

101 (35.1%)
(*42)

54 (60.6%)

p=0.032
(*p=0.009)

Ventricular septal defect (VSD)
Ubytek w przegrodzie
miedzykomorowej (VSD)

78 (27.1%)
(*39)

24 (26.9%)

ns

Tetralogy of Fallot (ToF)
Tetralogia Fallota (ToF)

13 (4.9%)
(*6)

8 (8.08%)

ns

Patent ductus arteriosus (PDA)
Przetrwaty przewdd tetniczy (PDA)

19 (6.6%)
(*8)

3 (3.3%)

ns

Transposition of great
arteries (TGA),

isolated abnormalities

of pulmonary arteries
PrzetoZenie wielkich

pni tetniczych (TGA),
izolowane nieprawidfowosci
tetnic ptucnych

4 (1.4%)
(*3)

ns

Other defects (surgical
treatment usually

in older children or not required)
Inne defekty (wymagajqce
zazwyczaj zabiegow
kardiochirurgicznych

W poZniejszym wieku

lub niewymagajqce zabiegu)

73 (25.3%)
(*37)

11 (11%)

Atrial septal defect ostium
primum (ASD I)

10 (13.6%)

8 (8.08%)
(only surgically

Not assessed

ostium secundum (ASD II)

63 (86.2%)

(only surgically

Ut?ytek w przggrodzie ' (*5) repaired cgses.) Nicoceniane
miedzyprzedsionkowej (tylko pacjenci

- ostium primum (ASD 1) operowani)

Atrial septal defect 3 (3.3%)

Not assessed

Ubytek w przegrodzie % repaired cases) ; :
miedzyprzedsionkowej (*32) (tylko pacjenci Nieoceniane
- ostium secundum (ASD 1) operowani)

No congenital heart defect 212 (42.4%) No data

Bez wrodzonych wad serca (*105) Brak danych

*250 youngest patients, who were diagnosed from 2012 through 2017; ns — nonsignificant

*250 najmtodszych pacjentdw, ktérzy byli diagnozowani od 2012 do 2017 roku; ns — nieistotne statystycznie
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historical data on the prevalence of Down syndrome
and congenital heart defects in children with Down
syndrome in the Krakow region, which were published
in 1976 by Konik and Pietrzyk [12] and in 1999 by Malec
etal [13]. We used descriptive statistics and Fisher’s exact
test for data analysis.

RESULTS

The mean prevalence of Down syndrome in the Krakow
region between 2006 and 2017 equalled 1.65 per 1,000
live births (1 in 605 newborns).

The assessed group consisted of 258 boys and 242
girls. Most of the patients had classic trisomy 21 (94.8%;
474 cases). Robertsonian translocation was detected in
2.8% of the cases (der21;21, der14;21 and der21;22 in
14, 7 and 1 patient, respectively), whereas mosaicism
of the 21 chromosome was observed in 2.2% of the
cases (11 patients). In one patient, isochromosome 21
was diagnosed.

Cardiac anomalies were detected in 288 patients (57.6%
of the cases). Common atrioventricular canal (CAVC)
was the most frequent congenital heart defect, and it
occurred in 35.1% of the patients. Ventricular septal defect
(VSD) was observed in 27.1% of the patients, whereas
atrial septal defect was detected in 25.3%. In 20 children,
VSD coexisted with ASD. Patent ductus arteriosus (PDA),
tetralogy of Fallot (ToF) and other defects accounted for
6.6%, 4.9% and 1.4% of the anomalies, respectively.

Detailed analysis of the frequency of severe heart defects
that usually require prompt surgical treatment during
infancy (we excluded ASD, which is often treated in older

children) revealed that the percentage of CAVC has been
significantly lower in recent years, when compared to data
published by Malec et al. (60.7% and 47%, respectively;
p=0.033). The decrease in the frequency of CAVC was
apparent among the youngest patients diagnosed in our
centre: whereas in the subgroup of 250 older children
(diagnosed from 2006 through 2012) it equalled 51.8%,
in 250 younger children (diagnosis from 2012 through
2017) it reached only 41.6% (p=0.009 for the comparison
with the cohort described by Malec et al). The frequencies
of other severe heart defects did not significantly change
since 1999.

We did not compare the historical and current
frequencies of ASD, because the historical data related
only to some, most severe cases, which required immediate
surgery.

Details on the detected heart defects and the analysed
historical data are presented in Table I and in Figure 1.

Additional congenital anomalies in the assessed
group of patients included digestive system anomalies
(18 cases), urinary system defects (9 cases), eye anomalies
(4 cases), central nervous system anomalies (1 case) and
haematological findings (28 cases). Other most frequent
anomalies, both in the children with and without heart
defects, affected hematology, and secondly the digestive
system. Details are available in Table II.

DISCUSSION

In our study we assessed the trends in the prevalence
of Down syndrome and related congenital heart defects
in the population of the Krakow region (Malopolska)
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Fig. 1. The group of 500 consecutive patients with Down syndrome diagnosed in the period 2006-2017.
Ryc. 1. Grupa 500 kolejnych pacjentéw z zespotem Downa zdiagnozowanych w latach 2006-2017.
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Table II. Additional anomalies detected in the assessed group of patients.
Tabela Il. Dodatkowe anomalie stwierdzone u pacjentow w badanej grupie.

Without heart defect
Bez wady serca

With heart defect
Z wadgq serca

Gastrointestinal system anomalies
Anomalie uktadu pokarmowego

Hirschsprung disease
Choroba Hirschsprunga

Duodenal atresia
Atrezja dwunastnicy

Hirschsprung and Duodenal atresia
Choroba Hirschsprunga i atrezja dwunastnicy

Anal atresia
Atrezja odbytu

Total/Ogdtem

8 2.7% 10 4.8%

Urinary system anomalies
Anomalie uktadu moczowo-pfciowego

Cryptorchidism
Whnetrostwo

Megaureter
Moczowdd olbrzymi

Kidney hypoplasia
Hipoplazja nerek

Total/Ogdtem

5 1.7% 4 1.9%

Eye anomalies
Anomalie oczu

Cataract
Zaéma

Total/Ogdtem

1 0.3% 3 1.4%

Nervous system anomalies
Anomalie uktadu nerwowego

Agenesis of vermis cerebellar
Agenezja robaka mozdzku

Total/Ogdtem

0.5%

Haematological anomalies
Anomalie hematologiczne

Thrombocytopenia
Matoptytkowosc

Transient myeloproliferative disorder
Przejsciowy zespot mieloproliferacyjny

ALL

AML

Total/Ogdtem

13 4.5% 15 7.1%

over many years. Since 2006, a routine prenatal testing
program has been offered by the National Health Fund.
The Department of Medical Genetics is the only public
health care unit in the Krakow region where prenatal
karyotyping, comprehensive genetic counseling and
subsequent follow-up for children with Down syndrome is
available. Thus, it can be assumed that the cohort described
in this study represents the vast majority of the population
of the affected children in the entire region.

The prevalence of Down syndrome in our study was
similar to that described in 1976 by Konik and Pietrzyk
(1.55-1.6 per 1000 live births). Interestingly, according to
the data from the EUROCAT database, Down syndrome
is slightly more frequent in the Krakow region, than
in other parts of Poland (1.17 per 1000 live births on
average; www.eurocat-network.eu). Our findings might
suggest that despite improving the availability of prenatal
tests for early detection of chromosomal abnormalities
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(such as advanced methods of sonographic examination
and assessment of cell-free foetal DNA in pregnant
women), the frequency of pregnancy terminations due
to Down syndrome in southern Poland remains stable.
On the contrary, technological progress in the field of
prenatal testing might explain the apparent decrease in
the frequency of CAVC in recent years. This is because
CAVC is one of the most severe heart defects with early
onset of circulatory insufficiency and uncertain prognosis
regarding the effects of surgical treatment. Therefore,
CAVC diagnosis in early pregnancy might increase the
chance of elective abortion.

It is interesting that although the percentage of
congenital heart defects in our cohort reached almost
57%, without ASD 1II it fell to 43.6%, which is very similar
to the percentage reported by French authors [11]. Better
detectability of asymptomatic ASD II in older children
with Down syndrome by means of technically advanced
echocardiography can explain this finding.

CONCLUSIONS

The prevalence of Down syndrome and the overall
frequency of congenital heart defects have not significantly
changed over recent years. However, the frequency of
CAVC has decreased, which could be related to the
technical progress in prenatal detection of this severe
anomaly and to subsequent elective terminations of affected
pregnancies. Further population studies are required
to confirm the presence of this trend and elucidate its
background.
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