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INTRODUCTION
Interatrial communication (IAC) is a common
.Percutaneous

congenital heart defect

now become

ABSTRACT
Background: Interventional closure of an interatrial communication (IAC)
can result in early and/or persistent differences in cardiac physiology and
structure with changes in right heart size and function secondary to altered
cardiac hemodynamics. We aimed to assess initial consequences of catheter-
based closure of IACs on diastolic function of both ventricles.
Methods: This prospective study included 68 children. Study participants
were divided into patients with IAC and a control group with normal
intracardiac anatomy (n = 34 in each group). Transthoracic
Echocardiographic evaluation was performed before and one week after IAC
occlusion.
Results: The peak tricuspid inflow E and A wave velocities, mitral E and
A wave maximal inflow velocities, and estimated pulmonary artery
systolic blood pressure were 78.12 £ 18.17 , 60.31 = 19.06, 84.50 + 14.52,
67.96 + 21.29 cm/sec and 28.67 £ 5.91 mmHg in the cases compared with
80.14 + 27.77, 65.38 = 41.9, 94.73 + 34.96, 59.47 + 19.42 cm/sec and
27.94 + 3.44 mmHg in the control group (all p values > 0.05). left atrial
and ventricular areas were smaller in cases compared with control group
at baseline. One week after transcatheter occlusion of IAC, peak tricuspid
E and A wave velocities as well as pulmonary artery systolic pressure
were significantly reduced (78.12 + 18.17, 60.31 + 19.06 cm/sec and
28.67 £ 5.91 mmHg vs. 67.75 + 13.43, 49.27 £+ 14.27 cm/sec and 25.74 *
4.58 mmHg, p values = 0.009, 0.009 and 0.026).
Conclusions: LA and LV areas were smaller in cases compared with healthy
children pre-intervention which points to sizable IACs which allow
shunting of blood flow away from LA and LV in our patients. A
significant reduction in early and late peak tricuspid inflow velocity was
observed in our patients after percutaneous IAC occlusion. This reduction
in RV inflow velocity may be due to the reduction of RV volume
overload after the intervention.
Keywords:Biventricular Diastolic Function ;Interatrial Communication
:Interventional Occlusion

secundum IAC [1][2]. A variety of devices have
been designed to percutaneously close IAC

IAC .Large IACs may present with symptoms due to

occlusion has a preferrable
technique for management of most cases of

Hafez, M., et al

excess volume loading of the right atrium (RA)
and right ventricle (RV) [3][4].
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After 1AC closure, blood volume changes rapidly.
Previous studies have shown that IAC occlusion can
cause right heart volume reduction secondary to
reduced shunting from left atrium (LA) to RA [5].
After interventional IAC occlusion, there are
inconsistencies regarding the maintenance of RV
and RA functional activity [6]. Transthoracic
Echocardiography (TTE) can usually confirm the
presence of IAC, which is best seen in the subcostal
view. However, “Echo loss” in the interatrial
septum is often seen where contrast bubble studies
improve the diagnostic accuracy of
Echocardiography. TTE can reveal secondary
hemodynamic consequences of IAC, such as RA
dilatation, RV dilatation/insufficiency, tricuspid
annular dilatation, tricuspid regurgitation, and
pulmonary hypertension [7]. In previous studies,
the effect of interventional IAC closure on left
ventricular function was not clearly defined [6].Our
objective was to appraise early outcomes of
interventional secundum IAC occlusion on right and
left ventricular function during diastole.

METHODS
This prospective study comprised 68 children
divided into 2 groups; patients with secundum IAC
and controls without structural heart disease (n = 34
in each group). Participants were recruited from
May 2021 to May 2024. Study participants were
diagnosed and managed at the Unit of Pediatric
Cardiology at Zagazig University Hospital, Egypt.
In our study, we followed the guidelines of World
Medical Association’s Code of Ethics (Declaration
of Helsinki) for research in humans. Parents of all
participants gave written consents for their
involvement. Our institutional review board
permitted this study (IRB#7019/31-8-2021).
Inclusion criteria inculde Children with secundum
IAC requiring occlusion; significant left-to-right
blood flow (flow ratio more than 1.5-1), presence of
complaints, or evidence of significant shunt by
Echocardiography.
Exclusion criteria inculde Primum IAC, partially
abnormal pulmonary venous drainage, pulmonary
vascular resistance exceeding 4.6 Wood units, or
more than two-thirds of systemic vascular resistance
after reversibility testing, right-to-left shunt with an
arterial oxygen saturation below 95% in room air, a
concomitant cardiac defect necessitating surgery,
diseases of coronary arteries, moderate to severe
disease of cardiac valves, and compromised
function of LV with an ejection fraction of 55% or
lower on TTE.
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In our study, we included thirty-four patients with
secundum IAC. The cases were identified through
Echocardiogram at the Pediatric Cardiology Unit of
the Pediatric Department at Zagazig University
Hospital in Egypt. Thirty-four subjects of similar
sex and age to those of patients were selected as
control group. Upon examination, the control
children showed no unusual findings in their general
and local physical examination. Their intracardiac
anatomy was determined to be normal based on
TTE.

The entire study population was subjected to
comprehensive history collection encompassing
personal history, presenting complaints, current and
previous medical histories, family medical
backgrounds, reason for admission, disease onset
and  duration, medical treatments, and
complications. We evaluated the participants' body
measurements and looked for any general physical
abnormalities. All individuals underwent
assessment of vital signs, physical examinations
including cardiac evaluation, and
Echocardiography.

Echocardiography:

All participants, including both patients and
controls, underwent an  Echocardiographic
evaluation. Echocardiography was carried out using
an Epig CVx Release 6 Philips machine with
simultaneous ECG monitoring. We utilized either S
8-3 or X5-1 megahertz probes. Measurements such
as LV systolic and diastolic dimensions, Aortic and
LA dimensions and fractional shortening of LV
were obtained using M-mode Echocardiography
from parasternal window in short-axis views of the
heart in agreement with the commendations of
American Society of Echocardiography [8].
Diastolic mitral and tricuspid valves inflow: We
positioned Pulsed Wave Doppler sample volume of
3 mm between each valve leaflet tip in apical four-
chamber view. Early (E) and late (A) diastolic
inflow velocity peaks were estimated twice for each
of the two atrioventricular valves. For statistical
analysis, the average of the two recordings was used
for each peak velocity [9].

Systolic pulmonary artery pressure (SPAP): Was
measured using modified Bernoulli equation. The
peak velocity of the tricuspid valve regurgitation
(TR) was determined by CW-Doppler inspection.
The RV systolic pressure (RVSP) is the same as the
SPAP in absence of right ventricular outflow tract
obstruction. To calculate RVSP, right atrial pressure
(RAP) was added as follows:
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RVSP = 4 x [TRpeak velocity (m/sec)]> + RAP
[10, 11].

Patients' Echocardiographic parameters  were
assessed prior to and one week after IAC
interventional occlusion. Echocardiography was
done only at baseline in the control group.

All patients had normal sPAP measured by
Echocardiography so, invasive measurements of
RA, LA, RV, LV pressures and PVR were not
indicated at the time of IAC closure. IAC closure
was done only if RA and RV were dilated. As
dilation of RA and RV highlights the hemodynamic
significance of IAC, pulmonary to systemic flow
(Qp:Qs) ratio was not estimated. We indirectly
estimated shunt magnitude by calculation of cardiac
chamber areas at baseline. LA area calculations
were done in apical views at end-systole. RA area
estimations were attained in an apical four-chamber
view just before the tricuspid valve opens. Right
ventricle end-diastolic (RVED) area was assessed
by outlining of inner endocardial border of RV at
tricuspid valve closure. Left ventricle end-diastolic
(LVED) area was measured by demarcation of
internal endocardial border of LV at mitral valve
closure. Right ventricle end systolic (RVESD) area
was assessed by tracing of inner endocardial border
of RV at the frame that precedes tricuspid valve
opening. Left ventricle end-systolic (LVESD) area
was calculated by outlining of internal endocardial
border of LV at the frame just preceding mitral
valve opening.

Diastolic mitral valve tissue Doppler velocities:
We used Pulsed Wave tissue Doppler to quantity E
(early diastolic) wave peak velocities of mitral
valves. Tissue Doppler sample volume of 3 mm
was located at the medial and lateral annular aspects
of mitral valve. The average of two values for E
peak velocity in each patient was obtained and used
in statistical analysis.

Statistical analysis
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Data were transferred to the Statistical Package for
the Social Sciences, version 23 (IBM SPSS
Statistics for Windows, version 23.0. Armonk, NY:
IBM Corp.). Meanststandard deviations, medians,
Chi square, unpaired student’s t, Mann Whitney U,
two way analysis of variance tests were used when
suitable. Level of significance was considered
below 0.05.

RESULTS
Age, gender, height, weight, and body mass index
were homogenously distributed among individuals
(Table 1). The left atrial, main pulmonary artery
and its branches diameters, 1V septal diameter, and
LV posterior wall thickness did not varyand
controls. On the contrary, notable reduction was
found in cases with respect to LVIDd, (LVIDs). On
the other hand, fractional shortening (FS) of LV was
higher in cases (Table 2).
There were no statistically meaningful changes in
the analyzed groups for Tricuspid E, Tricuspid A,
Mitral E, Mitral A peak wave velocities, and sPAP
(Table 3).
Regarding Comparison of cardiac areas, there were
no statistically important changes regarding RA and
RV areas. LA and LV areas were smaller in cases
compared with control group (Table 4).

When comparing the case group's mitral E and
mitral A wave peak inflow velocities before and one
week after the IAC interventional occlusion, no
statistically significant alterations were seen.
Substantial differences were seen in the estimated
pulmonary artery systolic pressure and Tricuspid E
and A waves between the two groups. We reported
no statistically important difference between the
case group before and one week following IAC
transcatheter occlusion regarding Mitral E (Table
5).

Table (1): Demographic and anthropometric factors in studied groups.

Case group Control group P-value
(N=34) (N=34)
Age(years) 5(3-14) 6 (3.5-12) 0.6329
Gender
Male 16 20 0.3311
Female 18 14
Weight(kg) 19.25 (13-40) 22 (14-42) 0.389
Height(cm) 116.04 + 15.71 118.47 + 14.30 0.5071
Body mass 15.74 +1.65 16.15+1.15 0.2388
index(kg/m?)
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Table (2): Cardiac dimensions and LV systolic function in studied groups.

Case group Control group P-value
(N=34) (N=34)

Aortic diameter(mm) 23.07+3.15 21.23+3.82 0.0339*
Left atrial 22.5412.25 23.5414.29 0.2330
diameter(mm)
Main 18.56+2.61 17.46+3.69 0.1606
pulmonary(mm)
Left pulmonary(mm) 8.97+2.3 8.65+1.73 0.5190
Right 9.28+2.39 9.17+2.07 0.8399
pulmonary(mm)
LV Posterior 6.25+1.01 6.2310.64 0.922
wall(mm)
IV septum(mm) 6.57+0.76 6.25+0.63 0.0631
LVIDd(mm) 34.4815.42 42.40+5.63 0.0001*
LVIDs(mm) 20.20+ 3.05 27.67+4.10 0.0001*
FS % 40.31+8.81 36.2045.55 0.0245%*

FS; Fractional shortening, LV; left ventricle, LVIDd; Left ventricle internal diameter at end diastole, LVIDs; Left
ventricle internal diameter at end systole, IV septum; inter-ventricular septal thickness.

Table (3): Echocardiographic parameters in studied groups.

Case group Control group P-value
(N=34) (N=34)

Tricuspid E (cm/sec) 76.6 (49.6-128) 67.9 (51.4-152) 0.7238
Tricuspid A (cm/sec) 53.5(31.7-99.1) 45.6 (27.4-152) 0.5229
Mitral E(cm/sec) 85.65 (34.5-125) 106(10.6-132) 0.1199
Mitral A(cm/sec) 65.9 (25.9-101.2) 64.3(10.6-124) 0.0905
Pulmonary arterial systolic 28.67 £5.91 27.94+3.44 0.5358
pressure(mmHg)

Mitral A; Mitral late inflow diastolic peak velocity, Mitral E; Mitral early inflow diastolic peak velocity, Tricuspid
A; Tricuspid late inflow diastolic peak velocity, Tricuspid E; tricuspid early inflow diastolic peak velocity.

Table (4): Comparison of cardiac areas in studied groups at baseline.

Case group Control group P-value

(N=34) (N=34)
RA area(cm?) 9.75+2.10 9.82+2.07 0.8903
LA area(cm?) 7.54+1.71 9.10+2.13 0.0014*
RVED area(cm?) 13.89+3.63 14.67+4.38 0.4269
RVES area(cm?) 10.15+3.32 11.02+2.61 0.2340
LVED area (cm?) 13.7 (10.3-27.5) 18.465 (10.2-29.4) 0.0043*
LVES area(cm?) 9.87 (4.84-20.6) 13.7 (7.52-27.1) 0.0003*

LA; left atrium, LVED: Left ventricle end-diastolic, LVES: left ventricle end-systolic, RA; right atrium, RVED; Right
ventricle end-diastolic, RVES; Right ventricle end-systolic.
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Table (5): Echocardiographic parameters in case group before compared with one-week post-IAC

interventional occlusion.

Case group before Case group after P-value
(N=34) (N=34)

Tricuspid E (cm/sec) 76.6 (49.6-128) 71.85 (39.7-89.2) 0.0094*
Tricuspid A (cm/sec) 53.5(31.7-99.1) 45.55 (33.3-78.3) 0.0087*
Mitral E (cm/sec) 85.65 (34.5-125) 89.35(13.1-132) 0.3353
Mitral A (cm/sec) 65.9 (25.9-101.2) 62.1(30.5-132) 0.9905
Mitral E(cm/sec) 13.80+2.87 13.23+2.49 0.3849
Pulmonary arterial 28.67 £+5.91 25.74+ 4,58 0.0255*
systolic
pressure(mmHg)

Mitral A; Mitral late inflow diastolic peak velocity, Mitral E; Mitral early inflow diastolic peak velocity, Tricuspid
A; Tricuspid late inflow diastolic peak velocity, Tricuspid E; tricuspid early inflow diastolic peak velocity.

DISCUSSION

Interatrial communication occurs in 1.64 per 1,000
live births. Long-term left-to-right shunt through the
interatrial communication can cause adverse
changes in cardiac structure and function. Cardiac
remodeling includes right heart dilatation, right
sided heart failure, atrial arrhythmias, and increased
pulmonary vascular resistance [12].

Noninvasive  Echocardiography  assesses  left
ventricular diastolic function of LV. Accurate
assessment of left ventricular diastolic function is
significant in cases of preserved and reduced
gjection fraction of LV. Tissue Doppler is suitable
for demonstration of altered LV relaxation patterns.
Tissue Doppler examination is not always necessary
in patients with reduced LVEF, as those patients
usually have impaired LV relaxation and therefore a
significant increase in circulating volume will result
in increased LV filling pressures secondary to
changes in compliance of LV. Therefore, in cases of
reduced EF, trans-mitral flow wvelocities and
deceleration time, left atrial volume, pulmonary
venous Doppler, and estimated sPAP are sufficient
to accurately assess LV filling pressure [13, 14].
Our study revealed no significant variances between
the two study groups in dimensions of LA, MPA,
LPA, RPA, IV septum, and LV posterior wall. In
contrast, we detected significant reduction in
LVIDd, LVIDs, and increase of fractional
shortening (FS) in our cases, as shown in Table 2.
Mean normal value for FS was reported to be 36%
with 95% prediction limits of 28% to 44% [19].
Although FS was higher in our cases compared to
control group but both groups had their FS within
the normal range. Kiligaslan et al. [16] did not find
significant changes between the IAC and control
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groups in ejection fraction of LV but they reported
that left ventricle end diastolic volume, LV end
systolic volume, and LV stroke volume increased at
follow-up 24 hours and 30 days after the closure of
IACs. Dehn et al. [17] reported no significant
variances between the IAC and control groups in
MPA diameter, LVIDd, LVIDs. They also reported
that LV function did not differ between cases with
IAC and controls.

Park [19] reported that IAC is not accompanied by
LA or LV enlargement because the increased
pulmonary blood flow to LA does not stay in left
sided chambers as it is shunted immediately to RA
through the IAC. In this study, LA and LV areas
were smaller in cases compared with healthy
children pre-intervention which indicates a high
magnitude of left to right shunting diverting the
blood flow away from LA and LV (table 4).

Our study showed no significant changes between
the studied groups in peak E and A waves of
tricuspid valve, mitral E wave, mitral A wave, and
SPAP (Table 3). Our results were in harmony with
those of Karunanithi et al. [20], who reported no
significant differences between the IAC and control
groups in estimated sPAP. Our study showed no
significant variances between the case groups before
and one week after interventional IAC occlusion
regarding peak mitral E or A wave inflow
velocities. In contrast, we found statistically
significant differences in peak tricuspid E and A
wave velocities as well as estimated sPAP; A
significant reduction in the peak entry velocity of
the tricuspid E and A waves was observed in our
cases after intervention but tissue Doppler-derived
mitral E velocity peak did not vary significantly
between both groups (Table 5). Our results were
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consistent with those of Kiligaslan et al. [16] who
reported that there were no significant variabilities
between the case groups before 24 hours, and 30
days after intervention in E and A wave mitral
velocities. Similarly, our results were consistent
with those of Song et al. [18] who revealed no
significant alteration between the case groups before
and after IAC occlusion in mitral valve E or A wave
velocities.

Study Limitations: Sample size of 68 participants
may be fairly small, which may affect the accuracy
of results. A larger study population would have
yielded stronger inferences and allowed subgroup
analyses to explore the early effects of IAC
occlusion on atrial and ventricular dimensions and
diastolic function. Our study was performed at a
single center, that may limit the hypothesis of
reaching similar conclusions in other populations or
health care settings.

CONCLUSIONS
LA and LV areas were smaller in cases compared
with healthy children pre-intervention which
points to sizable IACs which divert blood flow
away from LA and LV in our patients. Significant
reductions in peak tricuspid E and A inflow
velocities were observed in our cases after
percutaneous interatrial communication
occlusion. This reduction may be due to reduction
of RV volume overload secondary to
interventional IAC closure.
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