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Brief summary

The long-term prospective multi-centre nationwide (French)
observational study FRANCISCO will provide new information
on perimembranous ventricular septal defect with left ventricular
overload but no pulmonary hypertension in children older than 1
year. Outcomes will be compared according to treatment strategy
(watchful waiting, surgical closure, or percutaneous closure) and
anatomic features of the defect. The results are expected to pro-
vide additional guidance about the optimal treatment of this spe-
cific population, which is unclear at present.

Abstract

Background: The management of paediatric isolated perimem-
branous ventricular septal defect (pmVSD) with left ventricle
(LV) volume overload but no pulmonary arterial hypertension
(PAH) remains controversial. Three therapeutic approaches
are considered: watchful waiting, surgical closure, and percutane-
ous closure. We aim to investigate the long-term outcomes of
these patients according to anatomic pmVSD characteristics
and treatment strategy. Methods: The Filiale de Cardiologie
Pediatrique et Congénitale (FCPC) designed the FRANCISCO
registry, a long-term prospective nationwide multi-centre obser-
vational cohort study sponsored by the French Society of
Cardiology, which enrolled, over 2 years (2018-2020), patients
older than 1 year who had isolated pmVSD with LV volume over-
load. Prevalent complications related to pmVSD at baseline were
exclusion criteria. Clinical, echocardiographic, and functional
data will be collected at inclusion then after 1, 5, and 10 years.
A core lab will analyse all baseline echocardiographic data to
depict anatomical pmVSD features. The primary outcome is
the 5-year incidence of cardiovascular events (infective endocar-
ditis, sub-aortic stenosis, aortic regurgitation, right ventricular
outflow tract stenosis, tricuspid regurgitation, PAH, arrhythmia,
stroke, haemolysis, heart failure, or death from a cardiovascular
event). We plan to enrol 200 patients, given the 10% estimated 5-
year incidence of cardiovascular events with a 95% confidence
interval of +5%. Associations linking anatomical pmVSD features
and treatment strategy to the incidence of complications will be
assessed. Conclusions: The FRANSCICO study will provide the
long-term incidence of complications in patients older than 1
year with pmVSD and LV volume overload. The results are
expected to improve guidance for treatment decisions.

Ventricular septal defect (VSD) is the most common congenital
heart defect (CHD), accounting for 30% of cases.!
Improvements in imaging techniques have increased the recogni-
tion of VSD to 50/1000 live births.”> Perimembranous VSD
(pmVSD) accounts for almost 80% of all VSDs in infants older
than 1 year.’” pmVSDs are usually located at the anteroseptal
commissure behind the septal leaflet of the tricuspid valve and
below the commissure of the right and non-coronary leaflets of
the aortic valve®?® Four haemodynamic situations can be

distinguished: small pmVSD without pulmonary arterial hyperten-
sion (PAH) or left ventricle (LV) overload, pmVSD with LV vol-
ume overload and reversible PAH, pmVSD with PAH, and
pmVSD with LV volume overload but no PAH. Small pmVSDs
do not usually cause substantial pulmonary overload or PAH
and may close spontaneously in up to a fourth of patients before
1 year of age,1° half the patients before 2 years of age,'! and 70% of
patients before puberty.! In contrast, pmVSDs with PAH are usu-
ally large defects that cause heart failure in infancy.!?
Consequently, a surgical closure is usually performed within a
few months after birth, at a time when the PAH is still
reversible.!*1>

After 1 year of age, small pmVSDs with LV volume overload but
no PAH may not require closure since their long-term tolerance is
excellent. However, as with all pmVSDs, patients may experience
complications including infective endocarditis, aortic regurgita-
tion, and sub-pulmonary or sub-aortic stenosis.” Moreover, in
adults, long-term LV volume overload may lead to diastolic LV
dysfunction and atrial arrhythmias.'® Therefore, the management
of these patients remains controversial. Watchful waiting is usually
indicated, but pmVSD closure may be considered in selected cases.
The development of new cardiac catheterisation techniques now
allows early percutaneous closure.”” However, difficulties with
the first available devices have tempered enthusiasm for this
method.!®!® Thus, the optimal treatment of this category of
pmVSD remains unclear.

Our objective was to assess the long-term outcomes of patients
with pmVSD and LV volume overload according to the treatment
used and to the anatomical characteristics of the pmVSD. To this
end, we designed a nationwide multi-centre prospective observa-
tional cohort study in France, whose protocol is described here.

The study will be conducted in compliance with Good Clinical
Practices and the Declaration of Helsinki principles. It was
approved by a National Ethics Committee (2017-A01396-47).
The study is registered on Clinicaltrials.gov (NCT03363932).
Written informed consent will be obtained from all participants
or their parents or legal guardians before inclusion in the registry.

The Filiale de Cardiologie pediatrique et congénitale (FCPC), which
is a branch of the French Society of Cardiology, designed a nation-
wide, multi-centre, prospective, observational, cohort study
(FRANCISCO study). Inclusion occurred over 2 years, from
June 2018 to June 2020. Follow-up data will be collected at 1, 5,
and 10 years, bringing the total study duration to 12 years.

The patients were recruited via the French Network for Complex
CHDs (M3C network) and at first-line outpatient cardiology clin-
ics. There are 60 participating centres, and 97 investigators oversaw
patient recruitment. The investigators are paediatric cardiologists
and adult cardiologists specialised in CHDs.

At each centre, the conduct of the study is led by a local prin-
cipal investigator, supported, when necessary, by a co-investigator
and a clinical research assistant. Each centre is responsible for
patient recruitment and follow-up.



Patients older than 1 year with pmVSD and clinically significant
LV volume overload were eligible. LV volume overload was defined
as an echocardiographic LV end-diastolic diameter z-score
(LVEDD) >2, according to Kampmann’s formula.?’-2?

We did not include patients with prevalent pmVSD-related
complications: PAH (mean pulmonary arterial pressure
>20 mmHg and pulmonary vascular resistance >3 UW-m?)*-2;
valvular or sub-valvular complications (aortic or pulmonary steno-
sis with a mean gradient >20 mmHg or >grade 2 tricuspid or aortic
regurgitation [Laubry-Pezzi syndrome]), history of chronic or per-
sistent atrial arrhythmia or sustained ventricular arrhythmia or
high-level atrioventricular block (AVB), active infective endocar-
ditis, or history of heart failure (other than signs related to pulmo-
nary overload during the first year of life).?° Other exclusion
criteria were the concomitant presence of another CHD other than
left superior vena cava or right aortic arch and history of open-
chest or percutaneous heart interventions.

The study data are collected using an electronic care report form
(eCRF) at baseline (inclusion) and during follow-up. Patients are
identified by an alphanumerical code (FSO followed by eight
digits).

At baseline, the following data were collected: demographics,
past medical history (endocarditis, bronchiolitis, pulmonary infec-
tion, asthma, medical treatment [e.g., diuretics] for overload dur-
ing the first year of life, growth retardation, stroke, atrial or
ventricular premature beats, and associated extracardiac malfor-
mations and/or gene mutations or chromosomal anomalies), cur-
rent weight and height, NYHA or ROSS stage and peripheral
oxygen saturation, functional status (6-minute walk test or cardio-
pulmonary exercise test), electrocardiogram, and blood tests
including natriuretic peptides.

Baseline echocardiographic measurements are performed using
a standardised approach. All participating sonographers received
the same specific training for the study to standardise the recorded
views and measurements. Anonymised echocardiographic data
were stored off-line and referred for analysis by a core lab. The core
lab is composed of three experts in CHD echocardiography and
anatomy (M.M.K,, L.H., and D.K.) and verified eligibility criteria
and VSD characteristics assessable by echocardiography.

The transthoracic echocardiographic assessment included a
standardised anatomical echocardiogram,” LV end-diastolic
diameter measurement on M mode images, aortic root and left
atrial diameters, systolic and diastolic function parameters of the
right and left ventricles, and pmVSD morphology (systolic
aorto-septal angulation, presence of a septal aneurysm, systolic
and diastolic diameters of the functional defect, number of defects,
distance between the defect and the aortic cusp in diastole, superior
or inferior extension of the pmVSD, and aortic cusp anomalies).

Follow-up data collected 1, 5, and 10 years after enrolment
include clinical status, function (6-minute walk test, exercise tests),
and echocardiographic parameters. Neurodevelopmental out-
comes will be assessed at 5 and 10 years using the double-sided
Strengths and Difficulties Questionnaire. The referral cardiologist
determines whether watchful waiting or surgical or percutaneous
pmVSD closure is optimal. The patients will have an annual fol-
low-up with clinical, functional, and echocardiographic evaluation.

The following cardiovascular events are collected: infective
endocarditis, development of aortic stenosis (mean gradient

>20 mmHg) or aortic regurgitation, right ventricular outflow tract
stenosis (mean gradient >20 mmHg), tricuspid regurgitation
>grade 2, PAH development, heart surgery or percutaneous heart
procedure related to the pmVSD, persistent or chronic atrial
arrhythmia or sustained ventricular arrhythmia, complete atrio-
ventricular block (cAVB), severe haemolysis, heart failure, stroke,
or death from a cardiovascular cause. The composite of these
events at 5 years is the primary outcome. In patients who under-
went percutaneous or surgical closure, details on the procedures
are collected.

The estimated incidence of cardiovascular events is 10% at 5 years.
Consequently, 200 patients will be needed to reach a 95% confi-
dence interval (95%CI) of +5%.

The baseline variables in the population will be described as
mean * SD if the distribution is normal and as median [inter-
quartile range] otherwise. The anatomical features of pmVSD will
be depicted. The incidence of the composite cardiovascular events
at 5 and 10 years will be determined for the overall population and
in sub-groups defined by anatomical features at baseline and by the
treatment strategy. In addition, the incidence of each component of
the composite criterion will be determined. Event-free survival
curves will be constructed using the Kaplan-Meier method and
compared among sub-groups using the log-rank test. The annual-
ised incidence will be calculated. We will also look for risk factors
for cardiovascular events in this population, using Cox models.
The impact of genetic syndromes, chromosomal abnormalities,
or significant extracardiac abnormalities will also be analysed.

The primary outcome is the 5-year incidence of the composite cri-
terion of cardiovascular events described above.

Anatomical features associated with the primary outcome will
be sought. The 1-year changes in echocardiographic and functional
parameters in each treatment sub-group will be compared. The
incidence of cardiovascular events in the different treatment
groups will be evaluated at 5 and 10 years.

To our knowledge, the FRANCISCO registry is the first long-term
prospective multi-centre source of data on children who have iso-
lated pmVSD with LV volume overload but no PAH. While the
treatment of muscular, outlet, and inlet VSDs is well standar-
dised,"!* the management of pmVSD remains controversial. No
clear guidelines exist about the indications for closure in patients
who have asymptomatic isolated pmVSD with LV volume over-
load but no PAH. It has been suggested that closure of small
pmVSDs may be warranted if Qp/Qs exceeds 1.5 or if echocardi-
ography shows left atrial or ventricular dilation.**>* Paediatric
cardiology textbooks still advise VSD closure when Qp/Qs exceeds
2, but the indications have changed for adults. Many studies have
reported delayed complications in patients who have asympto-
matic unrepaired VSD with LV volume overload but no
PAH.!6%:2° We estimated that the cumulative incidence of events
will rise 10% at 10 years, but there is a lack of data to support this
assertion on this specific sub-type of VSD. These studies are biased



by heterogeneity regarding the anatomical and physiological types
of VSDs in the included patients. Thus, the incidence of compli-
cations in the specific population of patients who have pmVSD
with LV volume overload but no PAH is still unknown. We, there-
fore, expect that our prospective study focusing on this specific
population will provide new insights into the occurrence of
long-term cardiovascular complications.

Furthermore, the exact definition of cardiac volume overload
determined using non-invasive means in this population remains
unclear in most studies. Recently, non-invasive echocardiographic
measurements of LVEDD z-score values have been identified as
reliable for diagnosing and monitoring LV volume overload.
Thus, the FRANCISCO study will bring more accurate informa-
tion on the incidence and type of complications in patients with
pmVSD who meet the LVEDD z-score criterion for LV volume
overload.?*-2?

Currently, pmVSD with LV volume overload but no PAH is
managed either by watchful waiting or by closure, depending on
the clinical symptoms and practice patterns at each centre. The clo-
sure is often advocated to avoid late LV dysfunction related to car-
diac volume overload. However, this complication has not been
well described. Other complications of long-term VSD shunting
are infective endocarditis, valvular or sub-valvular complications,
heart failure, and arrhythmias. The incidence of infective endocar-
ditis was about 1.8% (n = 4) in a cohort of 222 patients with unre-
paired VSD aged 30 + 10 years at last follow-up; 2 of the 4 patients
required aortic valve replacement. Aortic regurgitation by aortic
cusp prolapse due to the Venturi effect (Laubry-Pezzi syndrome),*
pulmonary or aortic stenosis, and tricuspid regurgitation have
been reported in 21, 6, and 3.7%, respectively, of patients with
unrepaired pmVSD.!!3163132 n  the retrospective Belgian
pmVSD registry of adults, aortic regurgitation affected 21% of
patients with unrepaired pmVSD.!® However, in these studies,
the relationship of complications with the shunt volume was not
assessed. Severe shunting and anatomical characteristics such as
the aorto-septal angulation may be linked to the occurrence of
sub-valvular complications.®> Moreover, the anatomical features
of the sub-aortic rim seem to have a major influence on the feasibil-
ity of percutaneous closure. The FRANCISCO study will obtain
details on this point, as the echocardiographic core lab will specifi-
cally analyse the anatomical features of pmVSD and their associ-
ations with outcomes.

Dilation of the left atrium and LV is associated with the occur-
rence of heart failure and arrhythmias. Paroxysmal atrial arrhyth-
mia has been reported in 1-3% of patients,'® and heart failure in
less than 5%. Some reports suggest that a long-standing VSD
may lead to disturbed diastolic function and decreased compliance
of both ventricles.** Eisenmenger syndrome has been reported in
15 (6%) of 266 patients with pmVSD,!® with risk factors being
Down syndrome and large VSD size. However, the occurrence
of PAH during the follow-up of patients who have pmVSD with
LV volume overload but no PAH is unusual, although the exact
incidence is unknown. Our study may also offer new information
on this point. Overall, the incidence of complications in patients
with unrepaired pmVSD followed up for more than 1 year is con-
sidered to be low, and prophylactic pmVSD closure remains con-
troversial in France for pmVSD with LV enlargement but no PAH,
as the benefits may not outweigh the risks of surgical or percuta-
neous closure.*

Watchful waiting is supported by the good tolerance of the
shunt after 1 year of age. Moreover, there is evidence that shunt
severity and LV dilation tend to decrease after 1 year.!>3

LVEDD z-score values decreased in 29 (88%) of 33 patients with
LV volume overload, falling below 2 in 26 (79%) patients.!* The
FRANCISCO study will provide additional data in a larger popu-
lation by assessing the functional status and LVEDD z-score
changes during follow-up.

Another argument in favour of watchful waiting is that sur-
gical or percutaneous closure carries risks. Despite recent
advances in paediatric cardiac catheterisation and surgery,
pmVSD closure remains a complex invasive procedure given
the close relationship of the defect with the aortic and tricuspid
valves and conduction pathway. However, currently, surgical
closure of isolated VSD is effective, rarely results in complica-
tions, and has a mortality rate of less than 1%.>”® One of the
complications of greatest concern is cAVB, which has been
reported in less than 1% of children®® Long-term morbidity after
surgical VSD closure has also been assessed. In 174 patients with
40 years’ follow-up after VSD closure, mortality was not signifi-
cantly different from that in the general population.’® However,
the event-free survival rate was significantly lower than in the
general population.?® Symptomatic arrhythmia, heart failure,
and infective endocarditis occurred in 11, 4, and 3% of
patients.?® The most frequent complication was mild-to-moder-
ate aortic regurgitation, which developed in 21% of patients. In
the Belgian registry, pmVSD closure was followed by atrial
arrhythmias in 4% and by cAVB requiring pacemaker implan-
tation in 4% of patients.!® The need to perform a right atriotomy
contributes to the occurrence of re-entrant intra-atrial arrhyth-
mias. In patients who had had surgical closure in early child-
hood and were evaluated in young adulthood, peak oxygen
uptake, ventilatory anaerobic threshold, maximal workload,
and peak heart rate were lower compared to those in controls.*!
However, myocardial protection and post-operative care have
improved substantially over time, and VSD closure is now rarely
performed at a very early age. The FRANCISCO study will sup-
ply prospective follow-up data on the incidence of complica-
tions and changes in functional status in patients with
pmVSD and LV volume overload managed by surgical closure
versus watchful waiting.

Systematic reviews and meta-analyses have established that
transcatheter VSD closure is feasible using a coil or occluder. A
pooled estimate of successful device implantation of about
96.6% has been reported.*>** However, residual shunting, valvular
defects, arrhythmias, and early or delayed cAVB were observed in
some cases. Reports of cAVB both during the procedure and dur-
ing long-term follow-up with the first Amplatzer device put a halt
to its widespread use. A substantial rate of severe haemolysis
related to residual shunting has limited the use of coils.** Softer
occluders are being developed and may be of interest, although
strong clinical evidence will need to be obtained before considering
their widespread use.*>~*” The newest devices seem to carry a lower
risk of cAVB, but follow-ups remain short and cAVB may be
delayed for several years.'®*®%° In most centres in France, a surgical
closure is the preferred method when the closure is indicated. The
FRANCISCO study will also determine the potential influence of
anatomical pmVSD features on the safety of percutaneous closure
and may help to design new and safer devices.

Although some meta-analyses and reviews have assessed the
risk/benefit ratio of percutaneous versus surgical pmVSD closure,
most studies were retrospective and did not specifically include
patients older than 1 year with LV volume overload but no
PAH. The FRANCISCO study will provide new answers about
the management of this specific population. We also expect to



identify anatomical features that predict complications. We
acknowledge that a randomised controlled trial would provide a
higher level of evidence about the respective merits of current treat-
ment options. Nevertheless, given the small number and hetero-
geneity of current guidelines, our prospective cohort reflecting
current practices in an industrialised country will offer useful data
to guide therapeutic decisions.

The management of patients with pmVSD and LV dilatation but
no PAH varies across centres and countries. The prospective
French nationwide FRANCISCO cohort study will provide infor-
mation on the long-term incidence of cardiovascular events in
patients older than 1 year who have pmVSD and LV volume over-
load but no PAH. Risk factors for events, such as anatomical
pmVSD features and treatment strategy, will be assessed. We
expect the results of the study to provide new information for guid-
ing treatment decisions.

Dimed care; Fonds d’Etudes et de Recherche du Corps
Medical; Clinical research unit, Marie Lannelongue Hospital; French Society
of Cardiology Coordination structure (N. Naccache) and monitoring ARC
structure (URC-EST, AP-HP, La Sorbonne Université-Paris 06, E. Drouet, T.
Simon). None of the sources of funding had any role in the study design; data
collection, analysis, or interpretation; writing of the report; or decision to submit
the article for publication.

None.

1. Hoffman JI, Rudolph AM. The natural history of ventricular septal defects
in infancy. Am J Cardiol 1965; 16: 634-653.

2. Ghaderian M, Merajie M, Mortezaeian H, Aarabi Moghadam MY, Shah
Mohammadi A. Mid-term follow-up of the transcatheter closure of peri-
membranous ventricular septal defects in children using the Amplatzer.
] Tehran Heart Cent 2015; 10: 182-187.

3. Lincoln C, Jamieson S, Joseph M, Shinebourne E, Anderson RH. Transatrial
repair of ventricular septal defects with reference to their anatomic classi-
fication. ] Thorac Cardiovasc Surg 1977; 74: 183-190.

4. Soto B, Becker AE, Moulaert AJ, Lie JT, Anderson RH. Classification of ven-
tricular septal defects. Br Heart ] 1980; 43: 332-343. doi: 10.1136/hrt.43.3.
332.

5. Gabriel HM, Heger M, Innerhofer P, et al. Long-term outcome of patients
with ventricular septal defect considered not to require surgical closure dur-
ing childhood. ] Am Coll Cardiol 2002; 39: 1066-1071.

6. Lopez L, Houyel L, Colan SD, et al. Classification of ventricular septal
defects for the eleventh iteration of the International Classification of
Diseases-Striving for Consensus: a report from the international society
for nomenclature of paediatric and congenital heart disease. Ann Thorac
Surg 2018; 106: 1578-1589. doi: 10.1016/j.athoracsur.2018.06.020.

7. Mostefa-Kara M, Houyel L, Bonnet D. Anatomy of the ventricular septal
defect in congenital heart defects: a random association? Orphanet |
Rare Dis 2018; 13: 118. doi: 10.1186/s13023-018-0861-z.

8. Mostefa-Kara M, Bonnet D, Belli E, Fadel E, Houyel L. Anatomy of the ven-
tricular septal defect in outflow tract defects: similarities and differences. J
Thorac Cardiovasc Surg 2015; 149: 682-688.e1. doi: 10.1016/j.jtcvs.2014.
11.087.

9. Eroglu AG, Atik SU, Sengenc E, Cig G, Saltik IL, Oztunc F. Evaluation of
ventricular septal defect with special reference to the spontaneous closure
rate, Subaortic Ridge, and aortic valve prolapse II. Pediatr Cardiol 2017; 38:
915-921. doi: 10.1007/500246-017-1597-6.

10. Cresti A, Giordano R, Koestenberger M, et al. Incidence and natural history
of neonatal isolated ventricular septal defects: do we know everything? A 6-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

year single-center Italian experience follow-up. Congenit Heart Dis 2018;
13: 105-112. doi: 10.1111/chd.12528.

Erdem S, Ozbarlas N, Kiigiikosmanoglu O, Poyrazoglu H, Salih OK. Long
term follow-up of 799 children with isolated ventricular septal defects. Turk
Kardiyol Dern Ars 2012; 40: 22-25. doi: 10.5543/tkda.2012.01679.
Kleinman CS, Tabibian M, Starc TJ, Hsu DT, Gersony WM. Spontaneous
regression of left ventricular dilation in children with restrictive ventricular
septal defects. ] Pediatr 2007; 150: 583-586. doi: 10.1016/j.jpeds.2007.02.
065.

Penny DJ, Vick GW. Ventricular septal defect. Lancet 2011; 377: 1103-
1112. doi: 10.1016/S0140-6736(10)61339-6.

Habib G, Lancellotti P, Antunes MJ, et al. 2015 ESC Guidelines for the man-
agement of infective endocarditis. The task force for the management of
infective endocarditis of the European Society of Cardiology (ESC). G
Ital Cardiol (Rome) 2016; 17: 277-319. doi: 10.1714/2214.23904.

Stout KK, Daniels CJ, Aboulhosn JA, et al. 2018 AHA/ACC Guideline for
the Management of Adults With Congenital Heart Disease: Executive
Summary: a report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines. ] Am Coll
Cardiol. Published online August 10, 2018. doi: 10.1016/j.jacc.2018.08.
1028.

Gabriels C, De Backer J, Pasquet A, et al. Long-term outcome of patients
with perimembranous ventricular septal defect: results from the Belgian
Registry on Adult Congenital Heart Disease. Cardiology 2017; 136: 147-
155. doi: 10.1159/000448513.

Narin N, Pamukcu O, Tuncay A, et al. Percutaneous ventricular septal
defect closure in patients under 1 year of age. Pediatr Cardiol 2018; 39:
1009-1015. doi: 10.1007/s00246-018-1852-5.

Shah JH, Saraiya SP, Nikam TS, Jha MJ. Transcatheter device closure of
perimembranous ventricular septal defect in pediatric patients: long-term
outcomes. Heart Views 2020; 21: 17-21. doi: 10.4103/HEARTVIEWS.
HEARTVIEWS_13_19.

Haddad RN, Daou LS, Saliba ZS. Percutaneous closure of restrictive-type
perimembranous ventricular septal defect using the new KONAR multi-
functional occluder: Midterm outcomes of the first middle-eastern experi-
ence. Catheter Cardiovasc Interv. Published online December 30, 2019. doi:
10.1002/ccd.28678.

Kampmann C, Wiethoft CM, Wenzel A, et al. Normal values of M mode
echocardiographic measurements of more than 2000 healthy infants and
children in central Europe. Heart 2000; 83: 667-672. doi: 10.1136/heart.
83.6.667.

Karonis T, Scognamiglio G, Babu-Narayan SV, et al. Clinical course and
potential complications of small ventricular septal defects in adulthood: late
development of left ventricular dysfunction justifies lifelong care. Int J
Cardiol 2016; 208: 102-106. doi: 10.1016/j.ijcard.2016.01.208.

Harmon J, Sisco K, Dutro M, Cua CL. Left ventricular dilation: when pedi-
atric meet adult guidelines. Pediatr Cardiol 2018; 39: 26-32. doi: 10.1007/
500246-017-1719-1.

Meinel K, Koestenberger M, Sallmon H, Hansmann G, Pieles GE.
Echocardiography for the assessment of pulmonary hypertension and con-
genital heart disease in the young. Diagnostics (Basel) 2020; 11. doi: 10.
3390/diagnostics11010049.

Simonneau G, Montani D, Celermajer DS, et al. Haemodynamic definitions
and updated clinical classification of pulmonary hypertension. Eur Respir J
2019; 53. doi: 10.1183/13993003.01913-2018.

Marx GR, Allen HD, Goldberg S]. Doppler echocardiographic estimation of
systolic pulmonary artery pressure in pediatric patients with interventric-
ular communications. ] Am Coll Cardiol 1985; 6: 1132-1137. doi: 10.1016/
$0735-1097(85)80320-x.

Baumgartner H, De Backer J, Babu-Narayan SV, et al. 2020 ESC Guidelines
for the management of adult congenital heart disease. Eur Heart J.
Published online August 29, 2020. doi: 10.1093/eurheartj/ehaa554.

Lai WW, Geva T, Shirali GS, et al. Guidelines and standards for perfor-
mance of a pediatric echocardiogram: a report from the Task Force of
the Pediatric Council of the American Society of Echocardiography. J
Am Soc Echocardiogr 2006; 19: 1413-1430. doi: 10.1016/j.ech0.2006.09.
001.



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Baumgartner H, Bonhoeffer P, De Groot NMS, et al. ESC Guidelines for the
management of grown-up congenital heart disease (new version 2010). Eur
Heart J 2010; 31: 2915-2957. doi: 10.1093/eurheartj/ehq249.

Soufflet V, Van de Bruaene A, Troost E, et al. Behavior of unrepaired peri-
membranous ventricular septal defect in young adults. Am J Cardiol 2010;
105: 404-407. doi: 10.1016/j.amjcard.2009.09.047.

Piazza F, Santoro G, Russo MG. Aortic insufficiency due to ventricular sep-
tal defect (Laubry-Pezzi syndrome). ] Cardiovasc Med (Hagerstown) 2013;
14: 164-165. doi: 10.2459/JCM.0b013e3283515¢30.

Ellis JH, Moodie DS, Sterba R, Gill CC. Ventricular septal defect in the
adult: natural and unnatural history. Am Heart J 1987; 114: 115-120.
doi: 10.1016/0002-8703(87)90315-2.

Kidd L, Driscoll D], Gersony WM, et al. Second natural history study of
congenital heart defects. Results of treatment of patients with ventricular
septal defects. Circulation 1993; 87 (2 Suppl): 138- I51.

VanAuker MD, del Nido PJ, Tacy TA, Sigfusson G, Cape EG. Ventricular
septal defect modulates septal shear stress caused by aorto-septal angle:
implications for subaortic stenosis.  219. Pediatr Res 1996; 39: 39. doi:
10.1203/00006450-199604001-00238.

Neumayer U, Stone S, Somerville J. Small ventricular septal defects in
adults. Eur Heart J 1998; 19: 1573-1582. doi: 10.1053/euhj.1998.1083.
Padiyath A, Makil ES, Braley KT, et al. Frequency of development of aortic
valve disease in unrepaired perimembranous ventricular septal defects. Am
J Cardiol 2017; 119: 1670-1674. doi: 10.1016/j.amjcard.2017.02.004.
Viswanathan S, Kumar RK. Should we close small ventricular septal
defects? Ann Pediatr Cardiol 2017; 10: 1-4. doi: 10.4103/0974-2069.
197054.

Scully BB, Morales DLS, Zafar F, McKenzie ED, Fraser CD, Heinle JS.
Current expectations for surgical repair of isolated ventricular septal
defects. Ann Thorac Surg 2010; 89: 544-549; discussion 550-551. doi:
10.1016/j.athoracsur.2009.10.057.

Mavroudis C, Gevitz M, Ring WS, McIntosh CL, Schwartz M. The Society
of Thoracic Surgeons National Congenital Heart Surgery Database Report:
analysis of the first harvest (1994-1997). Ann Thorac Surg 1999; 68: 601-
624. doi: 10.1016/s0003-4975(99)00631-1.

Menting ME, Cuypers JAAE, Opi¢ P, et al. The unnatural history of
the ventricular septal defect: outcome up to 40 years after surgical

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

closure. ] Am Coll Cardiol 2015; 65: 1941-1951. doi: 10.1016/j.jacc.2015.
02.055.

Goldberg JF. Long-term Follow-up of “Simple” Lesions—Atrial Septal
Defect, Ventricular Septal Defect, and Coarctation of the Aorta.
Congenit Heart Dis 2015; 10: 466-474. doi: 10.1111/chd.12298.

Heiberg ], Petersen AK, Laustsen S, Hjortdal VE. Abnormal ventilatory
response to exercise in young adults operated for ventricular septal defect
in early childhood: a long-term follow-up. Int ] Cardiol 2015; 194: 2-6. doi:
10.1016/j.ijcard.2015.05.071.

Yang L, Tai B-C, Khin LW, Quek SC. A systematic review on the efficacy
and safety of transcatheter device closure of ventricular septal defects
(VSD). J Interv Cardiol 2014; 27: 260-272. doi: 10.1111/joic.12121.
Santhanam H, Yang L, Chen Z, Tai B-C, Rajgor DD, Quek S-C. A meta-
analysis of transcatheter device closure of perimembranous ventricular sep-
tal defect. Int ] Cardiol 2018; 254: 75-83. doi: 10.1016/j.ijjcard.2017.12.011.
Houeijeh A, Godart F, Jalal Z, et al. Transcatheter closure of a perimem-
branous ventricular septal defect with Nit-Occlud Lé VSD Coil: a French
multicentre study. Arch Cardiovasc Dis 2020; 113: 104-112. doi: 10.
1016/j.acvd.2019.11.004.

Pillai AA, Rangasamy S, Balasubramonian VR. Transcatheter closure of
moderate to large perimembranous ventricular septal defects in children
weighing 10 kilograms or less. World J Pediatr Congenit Heart Surg
2019; 10: 278-285. doi: 10.1177/2150135119825562.

Tanidir IC, Baspinar O, Saygi M, Kervancioglu M, Guzeltas A, Odemis E.
Use of Lifetech™ Konar-MF, a device for both perimembranous and mus-
cular ventricular septal defects: a multicentre study. Int J Cardiol 2020; 310:
43-50. doi: 10.1016/j.ijcard.2020.02.056.

Haas NA, Kock L, Bertram H, et al. Interventional VSD-closure with the
Nit-Occlud® Lé VSD-coil in 110 patients: early and Midterm results of
the EUREVECO-registry. Pediatr Cardiol 2017; 38: 215-227. doi: 10.
1007/500246-016-1502-8.

Ghosh S, Sridhar A, Sivaprakasam M. Complete heart block following trans-
catheter closure of perimembranous VSD using Amplatzer duct occluder I
Catheter Cardiovasc Interv 2018; 92: 921-924. doi: 10.1002/ccd.27177.
Fraisse A, Bautista-Rodriguez C. More than 3 decades quest for the ideal
device to close ventricular septal defects. Int J Cardiol 2020; 310: 64-66.
doi: 10.1016/j.ijcard.2020.04.017.



	2021 Guirgis etV2-1
	2021 Guirgis etV2-2
	2021 Guirgis etV2-3
	2021 Guirgis etV2-4
	2021 Guirgis etV2-5
	2021 Guirgis etV2-6

