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Functional and anatomical correlates in atrial septal
defect
An echocardiographic analysis
J COLIN FORFAR,* MICHAEL J GODMAN
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SUMMARY The results of cross sectional echocardiography, intracardiac contrast echocardiography,
and balloon sizing techniques and conventional haemodynamic assessment were correlated in 40
consecutive patients evaluated for an isolated left to right shunt at atrial level. Echo free areas along
the septum were identified in 23 of 25 patients with a secundum defect, but not in two with a

fenestrated defect, and in the upper atrial septum in three of four patients with a sinus venosus

defect. No false positive results occurred in 11 patients with a probe patent foramen ovale. Saline
contrast injection into the left atrium showed significant left to right shunting in all patients with
atrial septal defect; inferior vena caval injection produced right to left shunting in 15 of 29 patients
and a negative contrast effect in eight of 29 patients with an atrial septal defect, although neither
correlated quantitatively with defect diameter or magnitude of the left to right shunt.

Echocardiographic assessment of defect size as small, moderate, or large showed a highly
significant correlation with balloon measurement of defect diameter, although some overlap between
the groups was evident. In contrast, the correlation between defect diameter and pulmonary to
systemic blood flow ratio was poor, mainly because of highly variable shunting in patients with an

anatomically large defect.
Cross sectional echocardiography has high sensitivity and specificity in the diagnosis of the

non-fenestrated atrial septal defect and provides quantitative information about defect diameter.
Contrast studies do not add to the diagnostic value of imaging from the subcostal position. The poor
correlation between defect size and the measured shunt suggests that the latter may not be the best
criterion for surgical management and that size could be an important factor likely to influence both
the long term prognosis and the decision for closure.

The decision to close defects of the interatrial septum
in younger patients conventionally rests on the extent
of intracardiac shunting assessed by oximetry.
Although there is little debate about the management
of patients with a high pulmonary blood flow and
right ventricular enlargement, the relation between
flow and defect size with a small or modest overall
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shunt without specific chamber enlargement is less
well understood and the decision for closure is less
clear cut. '
The diagnostic value of cross sectional echocardi-

ography in identifying atrial septal defects has been
recognised,>5 although the place of contrast
echocardiography as a diagnostic aid remains uncer-
tain.6-8
The purpose of this study was to assess the sensitiv-

ity and specificity of cross sectional echocardiography
in the diagnosis and quantitative evaluation of atrial
septal defects and to examine the relation between
defect size and the extent of interatrial shunting, the
latter measured conventionally by oximetry and
directly by intracardiac contrast echocardiography.
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2.2.. -I
Fig. 1 Echocardiographic grading of the atial septumfrom the subcostalposition as intact (a), orshowinga small (b), moderate (c),
or large (d) defect.

Patients and methods

Forty consecutive patients (19 boys, 21 girls; aged
1-16 years) were studied over a 21 month period at

the time of cardiac catheterisation for evaluation of a

possible isolated left to right shunt at atrial level.
Patients in whom an ostium primum defect was sus-

pected, those with additional cardiac malformations,
or those with a calculated pulmonary vascularity resis-
tance in excess of 4 units were excluded from the
analysis. After all of the investigative procedures, 25
patients were categorised as having a secundum
defect, four a sinus venosus defect, and 11 a probe
patent foramen ovale without evidence of intracardiac
shunting.

ECHOCARDIOGRAPHY
After clinical evaluation, including echocardiography
and chest radiography, each patient underwent an

echocardiographic examination before cardiac
catheterisation. Cross sectional studies of the inter-
atrial septum were performed from the subcostal and

the apical four chamber view using an ATL Advanced
850 mechanical sector scanner with 3 or 5 MHz
transducers or Kontron Irex Mark III phased array
scanner. The septum was classified as intact (0) or
showing a small (+), moderate (+ +), or large (+ + +)
defect where 30%, 30-600/o, or >60% of total septal
length respectively appeared to be free of echoes
(Fig. 1).

Contrast echocardiographic studies were performed
from the left atrium and inferior vena cava at the time
of diagnostic catheterisation. Saline injections (2-
4 ml) were repeated if necessary until dense
opacification of the chamber was achieved. Injection
into the left atrium allowed classification of the left to
right shunt as small (+), moderate (+ +), or large
(+ + +) according to whether opacification within the
atrium and ventricle was minimal, less than, or equal
to opacification of the left sided chambers. Injection
into the inferior vena cava established the presence or

absence of right to left shunting at atrial level
(Fig. 2a) or a negative contrast effect where filling of
the right atrium by non-opacified blood from the left
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Size and shunting in atrial septal defect

Fig. 2 Intracardiac contrast echocardiography after injection
into the inferior vena cava showning (a) right to left shunting
across a defect and (b) a negative cotrast effect where right atrial
filling isfollowed by a contrast free area (arrow) on the right side
of the septwn as non-opacified blood enters from the left atriton
often before appreciable right ventricular opacification.

atrium resulted in a contrast free area on the right side
of the septum at the level of the defect, often before
significant right ventricular opacification occurred
(Fig. 2b).

HAEMODYNAMIC MEASUREMENTS
Routine cardiac catheterisation was performed from
the saphenous vein under light ketamine anaesthesia.
The atrial septum was crossed in all patients except
one with a high sinus venosus defect. Arterial oxygen
saturation was equated with a sample from the left
ventricle or femoral artery and mixeI venous satura-
tion derived from superior (SVC) and high inferior
(IVC) vena cava saturation according to the formula9:
mixed venous saturation (%) = (3SVC + HIVC)/4
saturation (%). The pulmonary systemic blood flow
ratio was derived from standard options.

BALLOON SIZING TECHNIQUE
Measurement of defect diameter was achieved using a
balloon catheter according to the method of King et
al.I0 A Fogarty 8-8F, 8-1OF, or 8-14F embolectomy
catheter (Edwards Laboratories, Santa Ana, Califor-
nia) was advanced into the left atrium and drawn

across the defect into the right atrium with increasing
volumes of dilute contrast until resistance was felt and
the balloon remained in the left atrium (Fig. 3a). The
maximum volume in the balloon that allowed the
defect to be crossed was noted. The defect diameter
was derived by inflation of the balloon to exactly the
same volume and directly measured using a series of
calibrated aluminium templates (Fig. 3b). Repro-
ducibility studies by the same observer showed a max-
imum variability in defect diameter in eight patients
(measured twice during catheterisation) of 2 mm.
Technically satisfactory sizing of a secundum defect
was achieved in all except one patient, in whom the
8-14F catheter proved too large for the saphenous
vein; maximum balloon diameter with 8-lOF catheter
was 24 mm. Sizing was possible in only two of four
patients with a sinus venosus defect. As preliminary
studies, in agreement with King et al,'0 had found a
large margin of safety between the manufacturer's
recommended maximum liquid capacity for the bal-
loon and the volume at which the balloon rupture
occurred (with a minimum rupture volume three
times the recommended maximum inflation volume)
the maximal liquid capacity was exceeded by up to
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*_l ___ _
Fig. 3 (a) Angiograms showing baUoon sizngofdefectdiameterfrom anteroposterior(top) and leftoblique projection (below). The
contrast filled balloon lies across a secundum defect and the maximum volume needed to cross the defect is noted and the diameter at
that volume derived using a series of calibrated templates (b).

Fig. 4 Echocardiograms showing (a) an aneurysm of the intra-atrial septum protruding into the right atrium. The aneurysm was
associated with a largefenestrated septal defect, although no echofree areas are seen. (b) A sinus venosus defectproduced an echofree
area (arrow) in the upper atrial septum.
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Table Contrast echocardiographic asseswsent ofatial shuntng and negatv contrast effect inpatient wth atial septl defect and
pa foranwn ovale

No ofpatiens No uith No with No with
left-ght shunt right-left shut negative contrast

Atrial septal defect:
Secundum 25 25 14 8
Sinus venosus 4 3* 1 0

Patent foramen ovale 11 5 0 0

*Defect not crossed in one patient.

50/o before a change was made to a catheter with a
larger balloon. No complications of the procedure
were noted. The inflated balloon floated into and
wedged in the main pulmonary artery in two patients
but was rapidly deflated without any apparent adverse
haemodynamic effect or arrhythmia.

SURGICAL ASSESSMENT
Further assessment of defect diameter at the time of
closure on cardiopulmonary bypass was available in
22 patients. For the purposes of comparison with the
balloon sizing technique, the shape of the defect was
noted and its area carefully measured. In those
patients with non-circular defects, a diameter giving
an area equivalent to that measured at the time of
operation was used for comparison with the balloon
sizing technique.

STATISTICAL ANALYSIS
The relation between echocardiographic assessment
of defect size and balloon size or pulmonary blood
flow was analysed by analysis of variance. Balloon and
surgical assessment of defect size was correlated with
balloon size and pulmonary blood flow using a linear
regression coefficient with least squares method of
analysis.

Results

DIRECT ECHOCARDIOGRAPHY
Echo free areas were seen along the atrial septum in 23
of 25 (92%) patients with a secundum defect, but not
in two patients, both ofwhom had a fenestrated defect
(one of which occurred in association with a septal
aneurysm) (Fig. 4a). Echocardiography also identi-

o Fenestrated secundum defect
* Fenestrated defect with septal aneurysm
ASinus venosus defect
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Fig. 7 Relation ofpulmonary to systemic bloodflow ratio (Qp:Qs) to size of atrial septal defect estimated by (a) balloon diameter
(n=38), (b) baHloon diameter indexed to body surface area (n=38), and (c) echocardiography (n=40). 0, no shunt; +, small;
+ +, medium; + + +, large.

fied echo free areas in the upper atrial septum in three
of four patients with a sinus venosus defect (Fig. 4b),
but the defect was not visualised in the fourth patient.
Although thinning of the septum at the level of the
fossa ovalis was observed in most of the 11 patients
with a foramen ovale, echo free areas along the sep-
tum were not seen.

CONTRAST ECHOCARDIOGRAPHY

Contrast injection into the left atrium showed variable
left to right shunting in all of the 28 patients with an

atrial septal defect in whom the defect was crossed

(one sinus venosus defect not crossed). A small
amount of left to right shunting, probably catheter
related, was also present in five of the 11 patients with
a foramen ovale. Right to left shunting at atrial level
was detected in 15 of 29 patients and a negative con-

trast effect in eight of 29 patients with an atrial septal
defect, but neither was seen in patients with a for-
amen ovale. The Table summarises these results.

SIZING TECHNIQUES
The echocardiographic grading of defect size as small,
moderate, or large showed a fairly close and highly
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significant (p<0-005) relation to
measured by the balloon, although son
ween the groups was evident (Fig. 5'
technique did not distinguish betwe
<10 mm in diameter and a foramen
has little practical significance as all t]
rectly identified by echocardiography I
of 11 mm. In both patients with a f
undum defect, the balloon substanti
mated overall defect size.
Of the 18 patients in this series who

operative closure of a simple non-fen(
dum defect, comparison of defect dian
at operation with that at catheterisa
close correlation with no tendeni
measurement to vary systematically v

the other (Fig. 6).

RELATION BETWEEN DEFECT SIZE A

In contrast, the relation between defer
monary to systemic blood flow ratio

catheterisation was poor (Fig. 7a). No
evident unless defect diameter was in
surface area, when the correlation did
cal significance (Fig. 7b). In patiei
defects (>25 mm in diameter) the rati
to systemic blood flow varied from 1-3
lar variability in defect diameter i

patients with a large left to right shui
anatomical reasons, either because of
position -high in the septum, the accu
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sizing was limited in some of these patients. Varia-
-3-0 bility in the measured shunt was particularly pro-

nounced in patients with a large (+++) defect on
echocardiography (Fig. 7c). The mean left to right
shunt in seven patients with a small (+) defect was

2-5 1- : 1 and the maximum shunt 2-0:1.
The presence of a right to left shunt or negative

p contrast effect did not allow prediction of either the
size or the magnitude of the intracardiac shunt in

-2.0 P patients with an atrial septal defect (Fig. 8), both
) measurements showing considerable variability in the
T patients with these contrast phenomena.

-1.5
Discussion

This study has validated cross sectional echocardi-
NC L 1.0 ography in children as a sensitive and specific inves-

tigation for the diagnosis and quantitative evaluation
of isolated defects of the atrial septum with two excep-

fect (ASD) tions. Firstly, fenestrated secundum defects (present
bwraio (Qp:Qs) in 2 of 25 (7%) patients with atrial septal defect in this
hunt or negadee series) may be missed on echocardiography, and, sec-

ondly, the sensitivity of diagnosis of defects of the
upper atrial septum remains in some doubt for in this

the diameter series a sinus venosus defect was not visualised in one
ne overlap bet- out of four patients in whom it was present. It is not
). The balloon surprising considering the anatomy of fenestrated
een defects of defects that they can be missed by cross sectional
ovale, but this echocardiography, but the recognition of an atrial
he defects cor- aneurysm or an increased right ventricular dimension
had a diameter with paradoxical septal motion on M mode recording
Lenestrated sec- should prompt consideration of this diagnosis.
[ally underesti- M mode echocardiographic findings compatible with

right ventricular volume overloading in the presence
had undergone of an intact fossa ovalis by cross sectional echocar-
estrated secun- diography should also alert the examiner to examine
neter measured the upper atrial septum and pulmonary venous drain-
tion showed a age with care, particularly if the clinical findings have
cy for either suggested an atrial septal defect.
with respect to Although minute degrees of right to left shunting

have been detected in children with uncomplicated
ostium secundum defects," we found that despite

LND SHUNT dense right atrial opacification from central injection
ct size and pul- of contrast medium right to left shunting was present
at the time of in no more than 50% of children. Furthermore, the
correlation was range of defect size and pulmonary to systemic blood
idexed to body flow ratios in patients with echocardiographically
achieve statisti- demonstrated right to left shunting was considerable
nts with large (Fig. 8) and too large to allow classification of the
io of pulmonary defect likely to be associated with this type of shunt.
I to 3:1. A simi- This observation does not accord with that of Fraker
was present in et al, who noted right to left shunting in all of 11 adult
nt, although for patients with an atrial septal defect, seven of whom
fenestration or had no right to left shunt detectable by oximetry.6
iracy of balloon Technical factors or changes in right atrial or right
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ventricular compliance with age may explain this dif-
ference.
A negative contrast effect was present in 280/o (8/29)

of patients in our series, a figure considerably lower
than that reported by Weyman et al in a study of 12
patients with atrial septal defect and a mean age of 31
years7 but somewhat similar to that reported by Koil-
pillai et al in 50 consecutive patients.12 Although
demonstration of right to left shunting or negative
contrast effect may have a place in the differentiation
of the smaller defect from thinning of the septum in
the region of the fossa ovalis, we do not believe that in
children contrast studies contribute significantly to
the diagnostic value of imaging from the subcostal
position.
The ability of balloon sizing techniques to predict

accurately the diameter of defects has been estab-
lished in this study for the uncomplicated secundum
defect by comparison with measurements obtained
during defect closure on cardiopulmonary bypass.
For technical reasons the procedure cannot reliably
determine the size of a sinus venosus or fenestrated
secundum defect. Balloon sizing has, however, pro-
vided an anatomical measurement that can be conve-
niently used as a reference for validation of echocar-
diographic techniques and has confirmed that the
extent of echo free areas defined on echocardiography
from the subcostal position does indeed correspond to
the margins of the septal defect itself. Echocardiogra-
phy may thus have particular value in longitudinal
studies of the natural history of the smaller defect that
is not closed surgically'3 and may provide information
about which type of defects can undergo a spontane-
ous reduction in size. 14- 16
The poor correlation between defect diameter and

pulmonary to systemic blood flow ratio (Fig. 7a and
b) raises doubts about the use of the latter measure-
ment as the principal basis for surgical closure. In
particular, in one patient with an anatomically large
defect (34 mm in diameter) the measured left to right
shunt was only 1 3: 1. Measurement of interatrial
shunting by oximetry in the artificial environment of
the catheterisation laboratory provides only a crude
index of the overall shunt. Changes in ventricular
compliance and vascular resistance, for example on
exercise, may substantially influence interatrial blood
flow.
On the other hand, echocardiographic assessment

of defect size is independent of such influences and
may provide important information that should
influence the long term prognosis and hence the de-
cision for closure. With typical clinical, radiographic,
electrocardiographic, and echocardiographic features,
routine cardiac catheterisation for the uncomplicated

Forfar, Godman

moderate or large secundum atrial septal defect is
unnecessary.
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