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Abstract

Aim: To evaluate the incidence of chromosomal aberrations in apparently isolated ventricular septal defects (VSD), quantify the timing of
diagnosis of prenatally diagnosed VSDs, and define the spontaneous closure rate prenatally both in utero and during the first year of life.

Materials and methods: Medline, PubMed, and the Cochrane Database Library were searched to identify studies published between Janu-
ary 2013 and January 2023 using keywords and word variant combinations for isolated ventricular septal defect, fetal echocardiography,
karyotype, genetics, array CGH, spontaneous closure, and outcome. Inclusion criteria: studies reporting apparently isolated ventricular sep-
tal defect. Primary outcomes: to find the incidence of chromosomal aberrations in apparently isolated ventricular septal defects, and quantify
the timing of diagnosis. Secondary outcome: to define the spontaneous closure rate in utero and in the first year of life. Statistical analysis was
performed using Jamovi Meta-Analysis major package 2.3.21 Solid. To combine data, we used proportions and maximum likelihood ratios.

Results: Overall, the maximum likelihood ratio of chromosomal aberrations in antenatally diagnosed apparently isolated VSD was 2.7%.
The different types of defects showed substantially different rates of chromosomal aberrations. Muscular VSDs had a chromosomal aberra-
tions rate of 0.4% vs. 4.8% for perimembranous VSDs. Mean gestational age of diagnosis was 25" days. Spontaneous closure rate maximum
likelihood ratio in utero was 28.6%. Higher closure rate in utero was observed for the perimembranous type while muscular VSDs showed
higher closure rates after birth. Closure in utero was observed in 28.9% of the perimembranous VSDs and in 14.5% of the muscular VSDs.
Closure after 12 months was found in 22% for the perimembranous defects and in 53.8% for the muscular defects. The presented results
could be of use in informed prenatal counseling and of great help in parental decision making.

Conclusions: This systematic study included 740 isolated ventricular septal defects, of which 422 were muscular and 165 were perimem-
branous. Other types were not specified. One hundred fifty-nine perimembranous and 384 muscular VSDs were available for a follow-up
after 12 months of life. Chromosomal aberrations were detected in 4.8% of the perimembranous VSDs and in 0.4% of the muscular VSDs.
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INTRODUCTION

Ventricular septal defects (VSDs) are the most common
congenital heart anomalies (CHD) in newborns, affect-
ing 25%-30% of neonates with cardiac defects.!) The ex-
act incidence and natural history of the condition remain
controversial.?l A meta-analysis of 53 studies published
in 2002 reported a mean VSD incidence of 3.45/1000, but
these studies, the majority of which were conducted in the
1980s, were found to be unrepresentative because small
VSDs were excluded from them.?! The recent increase in
neonatal prevalence of VSDs is due to changes in the di-
agnostic methods and screening modalities, such as the
widespread use of fetal echocardiography. Demonstra-
tion of any VSD during fetal life is feasible by ultrasonog-
raphy as early as the late first trimester.l”) Improvement
in imaging techniques has led to higher detection rates of
VSD in prenatal setting.l®! Prenatal sonographic diagno-
sis can be difficult. The best visualization of the ventric-
ular septum is achieved by using subcostal approach to
the four-chamber view. The presence of intact ventricular
septum should be visualized by long-axis view of left and
right ventricles together with an apex to base sweep along
the short axis.”) The diagnosis of this common defect in
utero has been linked to an increased risk of chromosomal
aberrations.®) An estimated 30% of all VSDs are attributed
to chromosomal aberrations or monogenic disorders, but
the etiology of the remaining 70% has not been established
yet.’) However, the exact incidence of abnormal karyo-
type varies from <1%1% to 20%-30%!"12! and up to 90%,
compromising the quality of the genetic counseling and
informed decision of the parents!'3l. Another challenge in
determining the frequency of chromosomal aberrations is
the existence of different definitions for an isolated ven-
tricular septal defect. Even in cases of an isolated VSD
with no detectable genetic defect, there is an increased
recurrence rate for CHD of about 3% among first degree
relatives, highlighting the genetic component of this mal-
formation.”) Recent large-scale cohort studies have shown
that 1.8% of isolated VSDs have genetic abnormalities.®!
The severity of VSD ranges from small, isolated muscu-
lar VSDs that close spontaneously to large VSDs requir-
ing surgery shortly after birth.! The spontaneous closure
rate varies between 11% and 71%.12>16] The defects which
remain patent after the first year had different reported
rates. For VSDs with the size of the defect less than 3 mm,
the rate was 15.8%, while it was 71.4% for those greater
than 3 mm in size.l'’” Closure rates differs according to the
place of the defect in the septum: mid-ventricular mus-
cular trabecular VSD - 89%, apical muscular trabecular
~ 84%, anterior muscular trabecular - 83%.17) The closure
rate depends on the type of defect: it was 74.0% for muscu-
lar VSDs and 22.2% for membranous VSDs.!'®! The spon-
taneous closure rate reported in utero was 5%, and that
within 1 year of life - 76%.!

AIM

This systematic review of studies published in the last de-
cade aimed to find the incidence of chromosomal aberra-
tions in apparently isolated ventricular septal defects and
quantify the timing of diagnosis as a primary outcome. The
secondary outcome is to define the spontaneous closure
rate in utero and during the first year of life.

MATERIALS AND METHODS

Literature search review

The research was conducted following the PRISMA guide-
lines.!'”) We searched PubMed, Medline, and the Cochrane
Library Databases using key words and word variant
combinations for isolated ventricular septal defect, fetal
echocardiography, karyotype, genetics, array CGH, spon-
taneous closure, and outcome. The search was conducted
electronically in September 2022 and updated in January
2023. The search and selection criteria were restricted to
the English language. Reference lists of relevant articles and
reviews were searched manually.

Inclusion criteria, primary and secondary
outcomes

The inclusion criteria were studies reporting isolated VSDs.
The primary outcome was the timing of the prenatal diag-
nosis and the incidence of chromosomal aberrations. The
secondary outcome was the spontaneous closure rate in
utero and in the first year of life.

Study selection and data collation

Only studies reporting and combining the incidence of
chromosomal aberrations, prenatal diagnosis, and spon-
taneous closure rates were selected for inclusion. Studies
associated with other structural anomalies on ultrasound
were excluded from the study. We excluded studies pub-
lished before December 2012.

Quality assessment

Quality assessment of the included studies was performed
using the Newcastle-Ottawa scale (NOS) for case control
and cohort studies. According to this scale, each study was
judged on three broad perspectives: selection of the study
groups, comparability of the groups, and outcome of inter-
est (Table 1).

Statistical analysis

Statistical analysis was performed using the Jamovi Meta
Analysis major package 2.3.21 Solid. To combine data,
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we used proportions and maximum likelihood ratios. Be-
tween-study heterogeneity was explored using the I” statis-
tic which represents the percentage of between-study varia-
tion that is due to heterogeneity rather than chance. A value
of 0% indicates that no heterogeneity is observed while val-
ues over 50% are associated with substantial heterogeneity.

Table 1. Quality assessment of the included studies according to
Newecastle-Ottawa scale for cohort studies

Study Selection Comparability Outcome
Cheng et al.2%] Y o oo
Erol et al.[2?! oo oo oo
Kopylov et al.l?!] . . .
Svirsky et al.l’] ooe . oo
Gomez et al.l!] eee oo eee
Vedel et al.l'4] . o .
RESULTS

General study characteristics: A total number of 521 arti-
cles were identified, 53 were assessed with respect to their
eligibility for inclusion. Six studies were included in the
systematic review (Table 2, Fig. 1). These 6 studies includ-
ed 740 isolated VSDs. No randomized control trials were
available for inclusion, data was derived from cohort stud-
ies_[1,9,14,20—22]

Chromosomal aberrations rate with maximum likelihood
ratio in the isolated VSDs was 2.7% (CL 95%, I* 0%) with
ranges of chromosomal aberrations reported between 0.0%
and 6.6%. The mean genetic abnormality rate for the includ-
ed studies was 2.2%. The highest rate was reported by Svirsky
et al.’) where two genetic abnormalities were reported. Ko-
pylov et al.l?!l reported the lowest rate and Erol et al.[?! iden-
tified no isolated VSDs with genetic abnormalities (Fig. 2).

The maximum likelihood ratio for mean gestational age
at detecting the apparent isolated ventricular septal defects

Isolated VSD, Closure in Utero and in the 1st Year of Life

in the included studies was 24** days (Cl 95%, I* 0%) rang-
ing from 23*! to 30** days. Most of the authors detected
VSDs in the second trimester. Vedel et al.l'4! did not report
the mean gestational age at VSD diagnosis in their study.
All authors used both greyscale and color Doppler ultra-
sound to diagnose VSD (Fig. 3).

The reported maximum likelihood ratio of closure in
utero was 28.6% (Cl 95%, I* 69.1%), with a wide range of
reported mean ratios ranging from 5.3% to 46.4% in the
different studies. Vedel et al.['*] reported the highest rate of
closure in utero but no mean gestational age at diagnosis,
whereas Gomez et al.l!) reported a mean maximum likeli-
hood ratio of 5.3% and a mean gestational age at diagnosis
of 30%* days. Greyscale and color Doppler ultrasound were
used by all authors to diagnose VSD (Fig. 4).

Isolated VSD closure in the first year of life was report-
ed with a maximum likelihood ratio of 46.81% (CI 95%, I*
88.49%), ranging from 20.0% to 76.3% (Fig. 5).

Substantial heterogeneity was shown within the spon-
taneous closure rate in the different groups both in utero
and in the first year of life. Diagnostic criteria were similar
in all studies as was the gestational age at diagnosis. The
follow-up protocols differed slightly, which could be ex-
plained by the differences in the outcomes for closure rates.

Of interest for most of the studies was the determina-
tion of chromosomal aberration rate in relation to the VSD
type: perimembranous versus muscular. Only two of the
studies have included and divided the VSDs into perimem-
branous and muscular types. Erol et al.[?l and Svirsky et
al.’l included only muscular VSDs, while Kopylov et al.[?!]
included only the perimembranous type of VSD (Table 3).
Vedel et al.['] did not specify the type of VSD they investi-
gated. A total of 587 ventricular septal defects were found,
with 165 being perimembranous and 422 being muscular.
Chromosomal aberrations were found in 2 of 422 muscular
ventricular septal defects (a rate of 0.4%) and in 8 of 165
perimembranous defects (a rate of 4.8%), which is a sub-
stantially high rate for this type of ventricular defect.

We can see from the results that the incidence of chro-
mosomal aberrations in perimembranous VSDs is higher

Table 2. Studies included in the systematic review showing study period, type of study, mean gestational age (GA) at diagnosis, total

number of VSDs, number of amniocentesis (AC), chromosomal aberration, and closure in utero and in the first year of life

GA at diagnosis VSD i;;)ll;:ed ést ::lile r:;l;:(i);(::nal Closure
Study Study type/period n/total In utero In the ﬁfst

days n n n number (%) year of life

n (%) n (%)

Chengetal.l2)  Cohort (2016-2020)  25*! (23*5-27*5) 436 168 168 7/168 (4.2%) 48 (28.6%) 79 (47.0)
Erol et al.[22] Cohort (2007-2012)  23*1 (1979-37%0) 264 76 18 0/76 3 (6.8%) 33 (75%)
Kopylov et al.l2!l  Cohort (2015-2021) ~ 25*! (22+6-29*3) 356 55 30 0/30 25 (45.4%) 17 (23.6%)
Svirsky et al.l’! Cohort (2013-2017)  23*>(157-37+0) N/A 40 30 2/30 (6.6%) 13 (32.5%) 8(20%)
Gomezetal.l!l  Cohort (2005-2011) 30+ (17°-41%0) N/A 248 119 3/248 (12%) 13 (5.3%) 151 (76.3%)
Vedel et al.l14] Cohort (2014-2018) N/A 323 153 76 1/76 (1.3%) 71 (46.4%) N/A
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Eligible citations identified in Pubmed,
Medline, and Cochrane Library Database, and
manual search of Reference lists
from Jan 2013 to Jan 2023
n=521

] [ IDENﬂFICATIOD

Citations excluded, n=468
Not relevant or not primary data, n=465
Duplicates, n=3

SCREENING

Citations retrieved for full text evaluation
n=53

ELIGIBILITY ] [

J

Full text article excluded, n=47
Outcome of interest not reported, n=25
Pediatric study, n=16

Closure after 1 year, n=5

Studies included in the systematic review
n=6

INCLUDED

—

Figure 1. Flowchart summarizing the selection of studies for inclusion in the systematic review.

Cheng et al. 4.20 [-22.53, 30.93]
Erol et al. o e 0.00[-17.09, 17.09]
Kopylov et al. e - 0.00 [-14.54, 14.54)
Svirsky et al. . ] 6.60 [ -5.80, 19.00]
Gomez et al. 1.20[-29.67, 32.07]
Vedel et al. 1.30 [-22.94, 25.54]
RE Model o 2.78[-4.51,10.07]
I T T 1
-40 -20 0 20 40

Figure 2. Forest plot showing the maximum likelihood ratio of chromosomal aberration rate in the included studies (CL 95%, I* 0%).

Cheng et al. 25.10 [-1.63, 51.83]
Erol et al. S e 23.10[6.01,40.19)
Kopylov et al. — - 25.10 [10.56, 39.64)
Svirsky et al. B 23.50 [11.10, 35.90]
Gomez et al. 30.40 [-0.47,61.27)
RE Model | —mm— 24.42[16.77,32.06)
r T T T 1
-20 o 20 40 60 80

Figure 3. Forest plot showing the maximum-likelihood ratio in GA of diagnosis (Cl 95%, 1> 0%).
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Cheng et al.

Erol et al. —-—

Kopylov et al.
Svirsky et al.
Gomez et al.

Vedel et al.

28.60[ 1.87,55.33)
6.80 [-10.29, 23.89)
45.40[ 30.86, 59.94]
32.50[20.10, 44.90]
5.30 [-25.57, 36.17)

46.40 [ 22.16, 70.64]

RE Model

28.67 [ 14.55,42.80]

40 60 80

Figure 4. Forest plot showing maximum-likelihood ratio in the included studies of in utero closure rate (Cl 95%, I* 69.1%).

Cheng (2022) —_——— 47.00 [20.27, 73.73]

Erol(2014) —- 75.00 [67.91, 92.09]

Kopylov(2022) —-— 23.60[ 9.06, 38.14)

Svirsky(2018) —— 20.00 [ 7.60, 32.40)

Gomez(2013) —_— 76.30[45.43, 107.17)

RE Model — 46.81[22.72, 70.91)
T T T T 1

o 20 40

80 100 120

Figure 5. Forest plot showing the maximum likelihood ratios in the cases of spontaneous closure rate in the first year of life (Cl 95%,

I? 88.49%).

than that in the muscular VSDs (Table 4). Another inter-
esting point we looked into was what the closure rate was
for the different types of ventricular septal defects. Cheng
et al.?% reported that muscular VSDs had a higher closure
rate than perimembranous VSDs (40% and 15.4% closed
in utero, and 61.1% and 30.8% closed in the first year of
life, respectively). Erol et al.??l analyzed only muscular
VSDs reporting a rate of 6.8% for closure in utero and 75%
closure in the first year of life. Kopylov et al.?!) reported
a closure rate of 45.4% in utero and of 56.7% in the first
year of life for the perimembranous VSDs. In their study,
Svirsky et al.l’) found that after 12 months muscular VSDs

were present in only 19.2% of their patients. Gomez et al.[!
proposed a model to predict spontaneous closure of the de-
fects correlating the VSD/aorta ratio with the location of
the VSD. In summary, their findings revealed higher rates

Table 4. Chromosomal aberration rate in different types of VSDs

Type of VSD Total Chromosomal aberration
number n

Perimembranous 165 8 (4.8%)

Muscular 422 2 (0.4%)

Table 3. Number of perimembranous and muscular VSDs included in the different studies and number of chromosomal aberrations

found in the two types of VSD

Chromosomal aber- Chromosomal aber-

Study Isolated VSD f’esl;i)membranous Muscular VSD rations in perimem-  rations in muscular
branous VSD VSD
Total number n n n n
Cheng et al?%] 168 78 90 7
Erol et al.[2?! 76 Not included 76 N/A 0
Kopylov etal.?l 55 55 Not included 0 N/A
Svirsky et all?] 40 Not included 40 N/A 2
Gomez et al.l!] 248 32 216 1
Total number 587 165 422 8 4
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of spontaneous closure in utero in perimembranous VSDs
and higher rates of spontaneous closure after birth in mus-
cular VSDs (Tables 5, 6).

Muscular VSDs had a lower in-utero closure rate than
perimembranous VSDs (14.6% vs. 28.9%). After birth, the
opposite was observed, with 53.4% for muscular VSDs and
22% for perimembranous VSDs.

DISCUSSION

Our main findings are as follows. Overall, the likelihood ra-
tio of chromosomal abnormalities in antenatally diagnosed
apparently isolated VSDs was 2.7%. The mean gestational
age at diagnosis was 25 days. The spontaneous closure ra-
tio in utero was 28.6% and spontaneous closure likelihood
rate during the first year of life was 46.8%. In the present
systematic review, we observed that a prenatally diagnosed
isolated VSD was not associated with higher incidence of
chromosomal aberrations. We observed a low mean inci-
dence of genetic abnormalities in all included studies.

To the best of our knowledge, the study reporting the
highest rate of chromosomal aberrations rate is that of
Svirsky et al.”) and the studies reporting the lowest rates
are those of Erol et al.?2/ and Kopylov et al.?!! Regarding
the type of defect, chromosomal aberrations were found in
2 (0.4%) of 422 muscular VSDs. Eight (4.8%) of 165 per-
imembranous VSDs showed genetic anomalies. There was
substantial heterogenicity in the spontaneous closure rates
both in utero and the first year of life. Vedel et al.'*] report-
ed the highest intrauterine closure rate of 46.4%. The lowest
closure rate in utero (5.3%) was reported by Gomez et al.l"]
The closure rate in the first year of life was the highest in Go-
mez et al.l!! (76.3%) and the lowest in Svirsky et al.l%) (20%).
Vedel et al.'*) did not report any data of closure in the first
year of life. Regarding the type of defect, the in-utero closure

rate in muscular VSDs was lower (14.5%) than the closure
rate in utero in the perimembranous VSDs (28.9%). Muscu-
lar VSDs had a higher closure rate after birth (53.8%) than
the same rate for the perimembranous VSDs (22%).

The ventricular septal defects are the most common-
ly diagnosed congenital heart defects, with a 1/1000 live
births incidence. The number of prenatal diagnoses of iso-
lated VSDs has steadily increased in recent years, which
can be attributed to the use of more advanced ultrasound
equipment in terms of resolution and precision, better
training of both doctors and technicians, and the increased
number of ultrasound scans. These factors increase the pre-
natal detection rate of VSDs. This has resulted in the need
for a more precise parental consultation in terms of man-
agement, which is directly outcome related.

These findings can contribute to more effective paren-
tal counseling by providing parents with the expected out-
comes. For isolated VSDs and depending on the type of
defect, we can expect high intrauterine or postnatal closure
rates. Additionally, improved imaging techniques increase
the detection of VSDs which may or may not be associated
with aneuploidy. The results of this study can be applied to
prenatal counseling and assist parents in making decisions.
Only studies from the last ten years that present up-to-date
information in the era of sophisticated fetal echocardiogra-
phy and improved genetic findings have been included in
the present systematic review.

Limitations

The number of studies included here is insufficient due to
time constraints (only studies from the last ten years were
included). The primary limitation is that only studies that
combined primary and secondary outcomes were included.
Many studies that reported only chromosomal abnormalities

Table 5. Spontaneous closure rates in the different types of VSD in utero and after the first year

Perimembranous VSDs Muscular VSDs

Perimembra- Muscular Closure in the Closure in the

Study nous VSD VSD Closure in utero Closure in utero
first year first year

n n n n n n
Chengetal? 78 90 12 12 36 19
Erol et al.[?] Not included 76 N/A N/A 3 33
Kopylov etal.2l 55 ggzz 25 17 N/A N/A
Svirsky et al.l’! Not included 33 N/A N/A 13 8
Gomezetall!l 26 185 9 6 4 145
Total 159 384 37 35 56 205

Table 6. Closure rates in utero and in the first year of life in perimembranous and muscular VSD available for follow-up after 12 months

Type of VSD Total N Closure in utero Closure in the first year of life
Perimembranous 159 46 (28.9%) 35 (22%)
Muscular 384 56 (14.6%) 205 (53.4%)
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and spontaneous closure rates were excluded. Another im-
portant limitation is that the study reports all chromosom-
al anomalies and does not take into consideration whether
they are clinically significant or not. However, despite these
limitations, this review represents the most up-to-date as-
sessment of the total evidence related to apparently isolated
VSDs, genetic abnormality rates, and closure rates.

CONCLUSIONS

Our systematic review demonstrates that prenatally diag-
nosed isolated VSDs are not associated with a sufficient in-
crease in the prevalence of chromosomal aberrations and
higher rates are expected in the perimembranous VSDs.
Moreover, these findings are associated with a good post-
natal outcome for most cases spontaneously closing before
the age of 12 months with higher closure rates in utero to
be expected in the perimembranous group and in the mus-
cular ones after birth. Most of the VSDs will be diagnosed
in the second trimester and using both greyscale and color
Doppler ultrasound in diagnosing, the defect will be asso-
ciated with higher detection rates.
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Pe3tome

Llenb: OneHnTh 4acTOTy XpOMOCOMHBIX abeppaliiit IIpy ABHO M30/IMPOBAHHBIX JieheKTax MeXOKenyfo4KkoBoit neperopoaxu (VSD),
KOJIMYECTBEHHO OIPEeJe/NTh CPOKM AMATHOCTYKI IIPeHaTaIbHO JMAarHOCTUPOBAHHLIX VSDs 1 OIpefie/IuTh YacTOTy CIIOHTAHHOTO 3a-
KPBITUA IPEHATANIbHO KaK BHYTPUYTPOOHO, TaK I B TeYeHMe IePBOTO TOAA XKUSHN.

Matepuansbl n metogpbl: ITonck 8 Medline, PubMed n Cochrane 6asax gaHHBIX TPOBOAWJICS [/IsI BbISIBIIEHNS MCCIELOBAHMIA, OIy-
O/IMKOBaHHBIX B Iepuof, ¢ ssHBaps 2013 mo sHBappb 2023 rofja, ¢ UCIONb30BaHMEM K/TI0YEBBIX CIOB 1 KOMOMHAIINII BApMAHTOB C/IOB
IS U30/IMPOBAHHOTO JleheKTa MeXOKeNTyJ0YKOBOIL IeperopofiKy, 9X0Kapayorpadum 1o, KapuoTuila, reHeTnku, maccusHoit CGH
(cpaBHUTETENBHAS T€HOMHAS TMOPUAM3ALIVS), CIOHTAHHOTO 3aKPBITYSL, M MCX0ofa. KpuTepun BKIIOYEHNMS: UCCTIENOBAHNS, COOOIIA0-
1ye 06 SBHO M30MMPOBAHHOM fiepeKTe MEKKENYIOUKOBOI IIeperopoaki. IlepBidHbIe pe3yIbTaThl: BBIABUTD YaCTOTY XPOMOCOMHBIX
abeppanuii Ipu SBHO M30/IMPOBAHHBIX Jle(heKTaX MeXCKETYL0YKOBOI IEPETOPOJKY V1 KONMYECTBEHHO ONPEe/TUTh CPOKY ITOCTAHOBKI
IMarHosa. BropuyHbIil pe3y/ibTaT: ONpefenTh YaCTOTY CIIOHTAHHOTO 3aKPbITUA BHYTPUYTPOOHO 1 Ha epBOM rofy >kusHu. Craru-
CTHMYECKUIT aHa/IN3 TIPOBOAICS C MCIIO/Ib30BaHIeM OCHOBHOTO ITakeTa Jamovi Meta-Analysis 2.3.21 Solid. [l 06 befuHe s ZaHHBIX
MBI UCIIO/Ib30BA/IV IIPOLOPLIUI ¥ OTHOIIEHVsI MAKCUMATbHOTO MTPABOIOA00u.

Pesynbrartbl: B 1je1oM MaKkcManbHOE OTHOIIEHME IPABAONIOK00NA XPOMOCOMHBIX abeppaliyil TPy aHTeHATaIbHO [UaTHOCTUPOBaH-
HOM SIBHO M30/MpoBaHHOM VSD cocTaBuo 2.7%. PasmuaHble THIbI leeKTOB MOKa3aly CyNeCTBeHHO Pa3HYI0 JaCTOTY XPOMOCOM-
HbIX abeppannit. IIpu Mpimevnprx VSD yacToTa XpOMOCOMHBIX abeppanuii cocrassina 0.4% mpoTus 4.8% 1pu nepuMeMOpaHO3HBIX
VSD. CpepHnii reCTallMOHHbIIT BO3PACT AUATHO3a COCTABIU 25+4 [Hs. MaKcuMa/IbHbI K09 GUIUMEHT IPaBION0g0061is CIIOHTaHHOTO
3aKpPBITUA BHYTPUYTPOOHO cocTaBm 28.6%. Boree BbIcoKas CKOPOCTb 3aKPBITHA BHYTPUYTPOOHO HabIIOAMACh 1A HepuMeMbpa-
HO3HOTO THIIA, TOIIa KaK MbleyHble VSD 1okasanm 60oee BEICOKYI0 CKOPOCTD 3aKPBITHA HOC/Ie POXK/eHMA. 3aKPBITHE BHY TPUYTPOO-
HO Habmozianoch B 28.9% nepuMeM6paHo3HbIXx VSDs n B 14.5% Mbimeynpix VSDs. 3akpbiTite yepes 12 MecAleB ObIIO 0OHAPYXeHO
y 22% nepumeM6paHO3HbIX fedeKkToB U Y 53.8% MbliedHbIX fedekToB. [IpencTaBeHHble Pe3yabTaThl MOTYT ObITh IO/IE3HbI IPK
MHGOPMIPOBAHHOM JOPOLOBOM KOHCY/IBTUPOBAHUI 1 OKa3aTh OOMBIIYIO TOMOIb POLUTENAM B IPUHATUN PEIleHMI.

3ak/noueHne: B faHHoe cucTeMaTidecKoe NCCIefloBaHue BKIIOUeHO 740 U30MMPOBaHHBIX TedeKTOB MEXOKETyOUYKOBOI IePeropos-
KU, 422 113 KOTOPBIX OBUIVM MBIIIEYHBIMYU U 165 113 HMX ObIIM ITepuMeMOpaHO3HBIMU. [Ipyrie He YTOYHAMNCh. CTO IATHAECAT AEBATH
nepuMeMOpaHO3HBIX 1 384 MbiieyHbIX VSD ObUIM JOCTYIIHBI /1A HabmoneHns depes 12 Mecsles )Xnu3HI. XpOMOCOMHbIe abepparyn
BbLABIEHBI B 4.8% mepuMembpano3ubix VSDs u B 0.4% Mbiutedssix VSDs.
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