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ATRIAL SEPTAL DEFECT — ECHOCARD1OGRAPHIC ASSESSMENT
BEFORE AND AFTER SURGICAL REPAIR *
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The Medical-Surgical Cardiology Service. Santa Maria Hospital. Faculty of Medicine. University
of Lisbon. Portugal.

SUMMARY

Twent~-two patients with atrial septal defect (ostium secundum type and amua
venosus) were studied by echucardiography before and after surgery. The sizes of
the various heart chambers right and left ventricles, Ieft atrium and aortic root
and the interventricular seprum and the left ventricular posterior free wall (motion
and thickness) were analvsed and compared in the pre and postoperative period.
A significant reduction o size L)f the right ventricle and a normalizanon of the
left ventricular dimension in the early postoperative evaluation was found. The
paradoxical motion of the interventricular septum seen in the preoperative period
sliowed ao earlv trend toward normalization. The changes before and after surgery
are d scussed, particu larly for the interventricular septum.

Surgicai correction of ostium secundum atrial septai defect gives excelent resuits
and has low mortality even in patients in their forties and fifties witii congestive heart
failure (~ohn et ai 1967; Epstein et ai 1973; Costa et ai 1978). However, in a high
number of cases there are persistent anatomic and functionai cardiac abnormalities which
are not entireiy explicable (Tikoff et ai 1969; Davies et ai 1970; Popio et ai 1975;
Radtke et ai 1976). Ecbocardiography, a non invasive method, is extremeiy useful both
ia the diagnosis of this type of heart disease (Popp et ai 1969; Diamond et ai 1971;
Meyer et ai 1972; Tajik et ai 1972; Kerber et ai 1973; Hagan et ai 1974) and in the
evaluation of ieft ventricular function after its surgicai correction (Laurenceau and
Dumesnil 1976; Radtke eI ai [976; Peariman et ai 1978).

We studied a group of patients with ostium secundum atrial septal defect or sinus
venosus defect, pre and postoperatively, by means of echocardiography comparing the
sizes of the various heart chambers and the thickness and motion of the interventricular
septum and of the posterior waii of the Ieft ventricie. The significance of the variations
found is discussed.

MATERIAL AND METHODS

Pre and postoperative echocardiograms of 22 patients with ostium secundum atriai
septai defect (21 cases) and sinus venosus (1 case) were studied. Ali the patients un

• Part of this study was presented at the 11 Portuguese Congress of Cardiology — Alvor, 1977.
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derwent surgical correction under cardiopulmonary bypass at the Department of Medico
-Surgical Cardiology of the Santa Maria Hospital between Juiy 1974 and April 1977.
Tu 18 cases the atrial septal defe~t was closed with piam stitches and a patch was used
in 4 cases. Ia one case it was found necessary correct a cleft of the mitral valve and in
one case the echocardiographic diagnosis of mitral vaive prolapse was confirmed during
surgery. There were no abncrmaiities of the tricuspid vaive resulting in regurgitation
in any patient (Meyer et ai 1972; Tajik et ai 1972; Laurenceau and Dumesnil 1976).
The pericardium was always carefully ciosed. There were 13 females and 9 males and
the mean age was 28 years at the time of surgery (ranged from 10 to 54 years). Preoper
ativeiy 20 patients were ia sinus rhythm and 2 in atrial fibriilation and postoperatively,
when echocardiographic studies were done, 19 had sinus rhythm and 3 atrial fibriliation.
Tu 15 patients echocardiograms were done during the first 4 weeks after surgery (eariy
evaiuation) and in the others between the first and the 17th mon’th.

Echocardiographic Studies — Ali pre and postoperative studies in the patients
werc made with an echocardiograph (Ekoline 20-A, Smith-Kline Instruments)
and with a transducer focused at 7.3 cm, 2.25 MHz with a repetition rate of 1000/
/second. The tracings were obtained with a Honeyweil 1856 strip-chart recording unit
on a Kodak Linagraph type 1895 photographic paper, with a speed of 20 and 50 mm/
/second. The patients were examined while recumbent and partly turned into the left
lateral position. The transducer was placed in the 3rd to the 5th left intercostal space
near the sternal border. After identifying the anterior leaflet of the mitral valve the
transducer was given a slight infero-lateral rotation so that we could obtain a simulta
neous, clear and continuous visualization of the interventricular septum and the endo
cardium of the posterior wall of the left ventricle, at a plane situated just below the
levei of the mitral valve tip. The aorta and the left atrium were identified after a
medial and superior rotation of the transducer.

Measurements (Fig. 1) — Right ventricular dimension (RVD) was measured
at the onset of the first deflection of the QRS complex of a simultaneous electrocardio
graphic tracing (ECG), from the right side of the interventricular septum to the anterior
wall of the right ventricle which is found at a distance of about 0.5 cm of the distal
echoes of the thoracic wall (Popp et ai 1969; Diamond et ai 1971). Left ventricular
dimension (LVD) was measured from the left endocardium of the septum to the endo
cardium of the left ventricle posterior free wall, at end-diastole. The distance from the
anterior wall of the right ventricie to the middle of the thickness of the interventricular
septum (RV-S) and total cardiac dimension (TCD) from the right ventricular epicar
dium to the left ventricular epicardium (Peariman et ai 1976) were also measured
at end-diastole. Aortic root dimension (ARD) was measured at the onset of the QRS
compiex from t.he anterior acrtic wall to the posterior aortic wail and left atrial dimen
sion (LAD) was measured at the end of the T wave of the ECG from the posterior
ieft atrial wali to the posterior aortic root waii. Intterventricuiar septal thickness was
measured both at end-diastole (Sd) and systole (Ss) and its motion was evaluated and
classi~ied as normal (N), type A or type B according to the description of Popp et
ai (1969) and Diamond et ai (1971). Left ventricular posterior wall thickness (PW)
was also measured at end-diastole as well as the range of its systolic motion (PWM).
Ali the measurements were made by two diferent investigators with an average of 4 to
6 measurernents, depending on whether there was a sinus rhythm or atrial fibrillation

The measurements — RVD, LVD, ARD and LAD — were expressed as index
(cm/m2 of body surface). The preoperative values were compared with postoperative
values and also with those found in a group of 20 normal subjects (13 males and 7
females, aged between 14 and 39 years). The relationship RV-S/TCD indicating the
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relative position of the interventricular septum in the heart at end-diastoie (Peariman
et ai 1976) and the systolic thickness of the interventricular septum expressed as percent

age ( S Sd X 100) (Assad-Moreil et ai 1974) were also evaluated and compared.

Paired Student’s t test and linear regression anaiysis were used for statistical com
parison of the data.
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Fig. 1 — Echocardiogram iv alrial septal defeci. Site of measureme,,ts. VD-S = disiance from
right ventricular epicardium to mid-septurn; TCD = total cardiac dimension; EN = endocardial
surface of lefi ventricular posterior wall; EP = lef: ventricular epicard iam; ecg = electrocardiogram

RESULTS

Echocardiographic data of 22 patients with atrial septal defect before and after
surgery are presented on Table 1 and II.

Right and left ventricular dimensions (index) and total cardiac dimension

Right ventricular dilatation was present in every patient before operation — 3.0
± 0.6 cm/m2 (normal, 1.2 ± 0.2 cm/m2; P <0.001) — and decreased after operation
to 2.0 ± 0.5 cm/m2 (P < 0.001). Normalization was achieved only in three cases
(15 %). For the group of the fifteen patients studied in the eariy postoperative period
the reduction in size of the right ventricle was also highiy significant (3.0 ± 0.5 to
2.2 ± 0.4 cm/m2; P <0.001) (Fig. 2).

Left ventricular internal dimension was decreased before operation — 2.5 ± 0.3
cm/m2 (n.prmal, 2.9 ± 0.3 cm/m2; P < 0.001) — and normalized after operation
(3.0 ± 0.3 cm/m2). The variation was from 2.6 ± 0.2 cm/m2 to 3.0 ± 0.3 cm/m2
(P < 0.001) in the group of patients studied in the early postoperative period.

Preoperative total cardiac dimension was 9.5 ± 1.2 cm and decreased to 9.0
± 1.1 cm after operation (P < 0.001) (Fig. 3), as a consequence of the relative reduc
tion in the size of the right ventricle.
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Fig. 3 — Total cardiac dimension (TCD), distance from right ventricular epicar
dium to mid-septarn (RV-S) and RV-S/TCD ratio ia 22 patients with atrial sepial

defect. be/ore and after surgery
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Interventricu%ir Septum

Preoperativeiy, abnormal septal motion was present in every patient. In seventeen
patients it was paradoxical type A and in five paradoxicai type B. Postoperatively, septai
motion was paradoxical type A in four patients, paradoxical type B in five and normal
in thirteen (59 %). An early normalization occurred in eight patients (postoperative
follow-up up to four weeks). Ali of the three patients with a normal right ventricular
size (cases 20, 21 and 22) had a normal septal motion after operation.

The ratio RV-S/TCD was 0.50 0.06 before operation and reduced to 0.40 ±
±0.07 after operation (P < 0.001) (Fig. 3). The ratio RV-S/TCD in the nine cases
with abnormal septal motion after operation was also compared with the thirteen cases
which had normalized the septal motion. In the first group, the mean value for that
ration was 0.41 ~ 0.06 (range, from 0.33 to 0.47) and in the second group, the mean
value was 0.36 0.06 (range, from 0.30 to 0.42), which was significantly lower
(P < 0.05).

The end-diastolic septal thickness was within the normal range, before and after
surgery. The systolic septai thickness determined in 18 patients was 33 19 % preoper
ativeiy, and 46 17 %, postoperatively.

Lefi ventricular posterior wall

Left ventricular posterior wall motion was increased before operation — 1.5
0.3 cm (normal, 1.2 ± 0.2 cm; P < 0.001) — and continued to be abnormal after

operation— 1.5 ± 0.3cm (Fig. 4). The end-diastolic wall thickness was normal pre
and postoperatively.

~ PVVM

~

0.6

0i__________________________
BEFORE AFTER NORMAL

Fig. 4 — Compauson o! l4t i ent~icular posterior wall movon ,,i 22 patienis witb atrial septal
dejeci. belore and ajter sargery, u.’nb a group of normal .rnbjects

Lefi atrial and aortic rool dirnensions

The left atrial dimension was increased significantiy before and after operation,
respectively, 2.3 ± 0.5 cm/m2 and 2.4 0.6 cm m2 (normal, 1.7 ± 0.3 cm/m2;
P < 0.001).

The aortic root dimension was normal and didnt suffer variations with surgery
(Fig. 5).
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Table 2

Clinical and Echocardiographic Data iii 22 Patients with ASD Before and Alter Surgical Repaii

Case Septum (d) Septum (s) PW (d) PWM LAD Index ARD Index

(cm) (Cm) (Cm) (cm) (cm/m’) (cm/m5)
n.o _____________ _____________ _____________ _____________ _____________ _____________

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

1 0.9 0.7 1.1 1.2 0.8 0.8 1.3 1.4 3.0 2.9 1.9 1.6
2 0.9 0.7 1.0 1.2 0.7 0.8 1.8 1.6 3.1 3.2 1.7 1.8
3 0.9 1.1 1.3 1.4 0.7 0.9 1.2 1.5 1.9 2.0 1.9 1.5
4 0.9 1.0 1.3 1.5 0.7 0.8 1.8 1.9 2.6 2.8 1.9 1.8
5 1.0 0.8 1.4 1.3 0.9 0.9 1.7 1.1 2.2 1.7 1.6 2.2
6 1.0 1.0 0.9 1.0 0.6 0.6 1.5 1.4 2.4 1.9 2.1 2.3
7 0.8 1.1 1.3 1.8 0.7 0.6 1.8 1.8 2.1 2.9 1.4 2.0
8 0.8 0.8 0.9 1.3 0.7 0.6 1.3 1.3 1.7 1.7 2.0 2.0
9 0.9 0.8 1.2 1.2 0.8 0.8 1.2 1.6 2.5 2.5 1.9 2.0

10 1.0 0.8 — — 1.1 0.9 1.7 1.0 2.1 3.0 2.1 2.0
11 1.0 0.9 1.1 1.0 0.8 0.8 1.4 1.4 2.4 2.3 1.4 2.0
12 0.9 1.0 1.1 1.2 0.7 0.9 1.3 1.2 1.7 1.9 1.9 1.9
13 0.9 0.9 1.2 1.4 0.8 0.8 1.3 1.8 1.7 2.2 1.7 2.2
14 0.8 0.8 1.1 1.3 0.7 0.8 1.0 1.4 3.0 3.6 1.8 1.9
15 1.0 1.0 1.3 1.3 0.7 0.7 1.4 1.5 2.4 2.5 2.0 2.3
16 0.7 1.0 1.3 1.6 0.8 0.8 1.9 1.4 2.3 1.6 1.7 1.7
17 0.9 0.9 — — 0.8 0.9 — 1.5 3.6 3.4 1.9 1.9
18 0.9 1.0 0.9 1.1 0.7 0.9 1.6 1.6 2.1 2.3 1.8 2.1
19 0.8 1.0 1.1 1.2 0.7 0.7 1.8 1.7 2.3 2.2 1.5 1.6
20 0.9 0.8 1.1 1.1 0.9 0.7 1.6 1.7 1.4 1.9 1.1 1.4
21 1.0 1.1 1.3 1.6 0.7 0.6 1.3 1.8 2.3 2.3 1.9 1.7
22 1.0 0.9 1.1 1.4 0.8 0.8 1.9 1.9 2.3 1.7 2.0 1.7

Mean 0.9 0.9 1.2 1.3 0.8 0.8 1.5 1.5 2.3 2.4 1.8 1.9
÷ -1- ~ ÷ ÷ -t- -4- -4- ÷ -4- -1- ÷ -1-

S. D. 0.1 0.1 0.1 0.2 0.1 0.1 0.3 0.3 0.5 0.6 0.3 0.3
ASO = atrial septal defect; PW = eft ventricular posterior wall thickness; PWM = left ventricular posterior
wall motion LAD = left atrial dimension ARD aortic roor dimension d = end-diastole s systole;
Pre = preoperative; Post postoperative.

C~LAD ~ ARD
E E
o o

4 - P>0.05 4 . P>0.05

2~E~1Li: 2.

p<0.0011 0>0.05
p<o.ooi1 0>0.05

e ___________lo ___________

BEFORE AFTER NORMAL BEFORE AFTER NORMAL

Fig. 5 — Comparison of leu atrial dimension index (LAD) and aortic
rool dimension index (ARD) in 22 patienis with atrial septal defeci,
be/ore and a/ter surgical repair, with a group o/ normal subjecrs
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DISCUSSION

The echocardiographic diagnosis of atrial septal defect (ostium secundum type
or sinus venosus) is based on the recognition of a right ventricular volume overioad
together with some abnormalities of the mitral valve (Diamond et ai 1971 ; Kamigaki
and Goldschiager 1972: Meyer et ai 1972; Tajik et ai 1972; Kerber et ai 1973).

The right ventricular volume overload impiies a right ventricular enlargement
together with an abnormal motion of the interventricular septum and can be found also
in other similar hemodynamic conditions e. g. tricuspid regurgitation and puimonary
vaive insufficiency (Tajik et ai 1972; Kerber et ai 1973). The abnormal motion of tije
interventricular septum is its systoiic approach to the anterior waii of the right ventricle
and its diastolic approach lo the posterior wall of the left ventricie. As the motion
is opposite in direction to the normal one it has been termed paradoxicai motion, and
ciassified as type A or type B according to its degree (Popp et ai 1969; Diamond et ai
1971). The systolic septai thickness usuaiiy found in the majority of ASI) proves that
there is septai contraction and that il is not mereiy a passive motion (Radtke et ai 1976).
The explanation that the normal septal motion, that is concentric to the free wall of the
ieft ventricie, continues, and that the apparentiy paradoxical septai motion is due to an
exaggerated anterior movement of the entire heart during mid and end-systoie caused
by an increased systoiic right ventricular volume is not acceptabie hecause the abnormai
septai motion starts with the ventricular systoie (Meyer et ai 1972). One of the theories
proposed to expiam the paradoxical septal motion is t-hat in any heart disease with a
diastolic overload of the right ventricle the abnormal distended wail of the right ven
tricle and the interventricular septum, due to a higher diastoiic volume of biood, contrart
concentrically in the foliowing systole, and so the septum takes an opposite direction to
the normal one (Diamond et ai 1971). Peariman et ai (1976 and 1978) having found
that a significant number of patients maintained the abnormal septal motion after the
closure of the ASD, and having excIuded a persistent ieft-to-right shunt or a tricuspid
insufficiency, proposed an aiternative hypothesis: the systoiic septai motion wouid be
reiated to its position at end-diastole to the center of gravity of the heart, considered
in its total mass of blood and muscie; thus, the direction and magnitude of systoiic septal
motion wouid be done towards the preponderant ventricular mass. This theory could
expiam the paradoxical septai motion in certain parients with pulmonary valve stenosis,
primary pulmonary hypertension and tetralogy cf Fallot without an associated tricusp~d
or pulmonary insufficiency and excluding an abnormal eiectric septal activation (Assad
-MoreI et ai 1974). Our resuits indicate a highiy significant reduction after surgery of
the right ventricular dimensions. This reduction was eariy and ranged from 20 to 50 %.
The abnormal septai motion persisted pcstoperatively in those patients who continued
to have a significant preponderance of the right ventricular mass, with a higher proba
bility of a paradoxicai septai motion when the RV-S TCD relation was egual to or
higher than 0.42. As in our cases there was no evidence of a persisting ieft-to-right
shunt or of an associated tricuspid or pulmonar>’ valvular insufficiency, our resuits
seem to agree with the theory proposed by Peariman et ai.

lt is interesting that in a group of 10 patients who underwent surgery for ASD
(OS.) and whose age range was 10 to 52 years (average 23) with postoperative echo
cardiographic evaluation between 1 and 18 years (average 8), right ventricular eniarge
ment persisted in 9 out of 10 cases and paradoxical septai motion was noticed in 50 %
of the patients. These patients were not inciuded in this study because preoperative
echocardiograms were not done. There is the sarne tendency to a persistence of the right
ventricular eniargement and the normalization of the motion of the interventricular
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septum does not seem related to the duration of the postoperative follow-up study or
to the patient’s age at the time of operation, at least within the range of age of our
patients.

Various abnomalities of left ventricular function found in ASD have been consid
ered due to a reduced left ventricular preioad (Davies et ai 1970; Popio et ai 1975).
In our cases we found a reduced ieft ventricular diastolic dimension before surgery which
became normal after surgical correction and there was no significant variation of the
end-diastolic thickness of the left ventricular posterior wall. We also noticed that before
surgery the posterior wali contracted more vigorously as if to compensate for the inter
ventricular septum not contributing to the left ventricular systole. However, even after
surgical correction this persisted in 54 % of the cases with a normalization of septal
motion. This fact requires a more detailed study in this type of heart disease of the
myocardial distensibility and contractility.

There are aiso certain abnormalities in the function of the mitral valve, in partic
ular of the posterior leaflet (Kamigaki and Goldschlager 1972), excluding the proven
cases of prolapse, that have been partly explained by changes in the left ventricular
geometry and mechanics. This wouid contribute to an abnormal opening of the posterior
commissure of the mitral valve which would result in fibrosis of this area (wear and
tear type of lesions) (Okada et ai 1969). Knowing the anatomic importance of the
continuity of the endocardium of the left atrium and the posterior leaflet of the mitral
valve and the finding in our cases of an enlarged left atrium, the importance of this
factor as a cause of the abnormal motion of the mitral valve in ASD remains open to
discussion.
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RESUMO

Compararam-se os ecocardiogramas pré- e pós-operatórios de 22 doentes operados
a comunicação interauricular (ostium secundum e sinus venosus). O estudo pós-ope
ratório foi realizado durante as primeiras quatro semanas (avaliação precoce) em 1 5
doentes e entre o primeiro e décimo sétimo mês nos restantes. Fez-se uma análise da
variação das dimensões das câmaras ventriculares, da aurícula esquerda e da raiz da
aorta, e estudou-se o septo interventricular e a parede livre do ventrículo esquerdo,
comparando-se os resultados obtidos no pré- e pós-operatório com um grupo de 20
normais. Verificou-se no pós- operatório (imediato e tardio) uma redução significativa
da dimensão do ventrículo direito, que se encontrava aumentada pré-operatoriamente
em todos os casos (2.0 ± 0.5 vs 3.0 ± 0.6 cm/m2 de superfície corporal, p < 0.001)
(normal, 1.2 0.2 cm/rn2). Em relação à dimensão do ventrículo esquerdo houve uma
normalização significativa a partir de valores inferiores ao normal õbtidos no pré-opera
tório (3.0 ± 0.3 vs. 2.5 ±0.3 cm/m2, p < 0.001) (normal, 2.9 ± 0.3 cm/m2). O movi
mento do septo interventricular, anormal em todos os doentes no pré-operatório, passou
a fazer-se em direcção normal no pós-operatório em 13 doentes (59 %), havendo nor
malização em 8 dos 15 doentes estudados precocemente. Em relação a outros parâmetros
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— espessura septal, espessura e excursão da parede posterior do ventrículo esquerdo,
dimensões da aurícula esquerda e da raiz da aorta — não encontrámos variações signifi.
cativas entre as determinações pré- e pós-operatórias. Contudo, quer para a excursão da
parede livre do ventrículo esquerdo quer para a dimensão da aurícula esquerda, encon
trámos valores significativamente aumentados no pré-operatório-1.5 ± 0.3 cm (nor
mal, 1.2 ± 0.2 cm) e 2.3 ± 0.5 cm/m2 (normal, 1.7 0.3 cm/m2), respectivamente.
Discute-se o significado das alterações encontradas, com particular relevância para o
movimento do septo interventricular, sublinhando-se a provável importância na sua
génese das dimensões relativas do ventrículo direito e esquerdo.
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