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SUMMARY

One hundred and eight patients with ventricular septal defect (VSD) 
including 20 operated patients were studied with real time cross-sec-
tional echocardiography combined with M-mode echocardiography.

The subjects were divided into 3 groups according to the cross-
sectional echocardiographic findings. Group 1 included 34 patients in 
whom the defect area of interventricular septum (IVS) was demon-
strated and they were diagnosed as VSD solely with this method. The 
majority of the patients in this group showed marked pulmonary hyper-
tension and severe cardiac symptoms. Group 2 consisted of 13 patients 
who showed abruptly posterior movement of IVS toward the left ventric-
ular cavity at early diastole and were suspected of VSD. Group 3 
consisted of 41 patients with VSD showing normal cross-sectional echo-
cardiograms without echo discontinuity of IVS. This group had a 
small defect of IVS with near normal pulmonary artery pressure.

The analysis of cross-sectional echocardiogram combined with 
M-mode echocardiogram and the data of other cardiac examinations 
revealed that group 1 showed a larger left-to-right shunt at the ventricular 
level, severer pulmonary hypertension and more marked heart enlarge-
ment than groups 2 and 3.

The patients with visualized defect of IVS had severe cardiac signs 
and symptoms and were indicated for the cardiac surgery.

In the postoperative patients, the patch echo was clearly recognized 
as a linear strong echo.

Real time cross-sectional echocardiograpy is available to visualize 
directly the defect of IVS in the majority of the patients with VSD and 
to estimate the condition of patients with this lesion.
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V
ENTRICULAR septal defect(VSD) is a very common congenital heart

disease, and the detection of the size and location of the defect of IVS

is quite important in terms of assessing cardiac operability. However, echo-
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cardiographic recognition of VSD is rather difficult in the isolated lesion or 

associated with minor cardiac malformations. Till now, the diagnosis of 

VSD has been confirmed by heart catheterization and angiocardiography.1),2)

With regard to the M-mode echocardiogram of VSD, only a few studies 

have been reported.3)-6) The magnitude of the left-to-right shunt at the 

ventricular level was estimated by the analysis of the size of the left atrium. 

More hyperkinetic movement of IVS was recognized in some patients and the 

left-sided heart chambers were enlarged in the patients with large VSD. But 

the visualization of VSD itself was extremely difficult with only M-mode 

echocardiography. M-mode scan echocardiogram in which the transducer 

was rotated from the aorta to the apex of the left ventricle occasionally dem-

onstrated the discontinuity of IVS. But it was not constantly recognized.

In contrast, cross-sectional echocardiography has provided significant 

diagnostic information on VSD that is not available by M-mode echocardio-

graphy.7)-9) The purpose of this study is to visualize directly the defect of 
IVS and to describe the characteristic findings of VSD by real time cross-

sectional echocardiography combined with M-mode one.

MATERIALS AND METHODS

This study includes 88 patients of VSD (49 males and 39 females: 8 months 
to 53 years of age) and 20 postoperative VSD patients (11 males and 9 females: 
1 to 27 years of age) examined from July 1974 to June 1977. Eighty-four patients 
underwent at least one cardiac catheterization. But in the remainder, the diag-
nosis was assessed on clinical data alone.

The cardiac diagnosis of the examined patients was shown in Table 1. Patients

Table I. Description of Cardiovascular Malformations Associated with VSD

*Included in this group are VSDs coexisting with pulmonary stenosis and those which coexist 

with aortic regurgitation.

**Some patients had more than one associated malformation .
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with an associated pulmonary tract abnormality such as pulmonary stenosis, or 

aortic regurgitation were included in this study, along with isolated VSD. Patients 

with minor cardiac malformations whose prognosis would not be affected were 

also included. No patients with complex cardiopathies which had VSD (such as 

tetralogy of Fallot, transposition of the great arteries) were included. Twenty 

normal subjects were also examined with this method as control.

A Toshiba Model SSL-51H Sonolayergraph with mechanical sector scanning 

system was used. The details and usefullness of this system were reported pre-

viously.10)-13) The transducer was 10mm in diameter, focused at 75mm, with 

a resonant frequency of 3MHz, and it was used at a repetition rate of 3.6KHz. 

The sector speed was 30 or 36 cross-sections per second and the sector angle was 

arbitrarily opened from 30•‹ to maximum of 90•‹, but the display angle of the oscil-

loscope screen was usually fixed at about 80•‹.

The patients were examined in the supine position. For acoustic coupling 

between the transducer and the chest surface, the so-called "proximity-immersed 

method" was employed.14)

Two methods were utilized to record the images of cross-sectional echocar-

diograms. (1) a Polaroid camera or an ordinary 35mm camera was used at a 

shutter speed of 1/15sec or in synchrony with the QRS complex of the patient's 

electrocardiogram for stop motion images. (2) 8mm movie camera was used at 

15 frames/sec for the continuous recording of the heart movement.

In all of patients, cross-sectional echocardiograms were recorded along the 

long and short cardiac axes, as well as horizontal and sagittal planes of the chest. 

In the majority of the patients, 2 or 3 sections were analysed. In this report, the 

cross-sections of the long cardiac axis and sagittal plane of the chest were mainly 

used to readily obtain the characteristic features of VSD.

RESULTS

1. Cross-sectional echocardiographic findings:

In normal subjects, no abnormalities were obtained in cross-sectional 
echocardiogram when the scanned sector was oriented parallel to the long 
cardiac axis and the sagittal plane of the chest, different from those in VSD. 
As shown in Fig. 1, the echo of the anterior mitral leaflet(AML) is demonstrated 
at the posterior region from a transducer position in the cross-section of the 
long cardiac axis(panel A). The anterior and posterior walls of aorta(AO) 
appear as parallel lines of echoes. Posterior to the AO lies the left atrium(LA). 
The interventricular septum(IVS) is represented as a thick band of echoes 
extending antero-caudally from the anterior wall of AO to the anterior wall 
of heart. The IVS is clearly recorded and shows no echo discontinuity. An-
teriorly lies the oval cross section of the right ventricular outflow tract. The 
triangular outline of the left ventricle is located posterior to the IVS.

In the sagittal cross-section, the IVS runs from supero-posteriorly to in-
fero-anteriorly without echo discontinuity in IVS(panel B). Anterior to the
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Fig. 1. Cross-sectional echocardiograms in normal subject. Panel A 
was recorded in the cross-section of the long cardiac axis and panel B in the 
cross-section of the sagittal plane of the chest. The interventricular septum 
(IVS) shows complete form as a thick band and echo discontinuity is not re-
cognized both in 2 cross-sections. CW=chest wall, RV=right ventricle, 
IVS=interventricular septum AO=aorta, AML=anterior mitral leaflet, 
PML=posterior mitral leaflet, LA=left atrium, LV=left ventricle, PV=
pulmonary valve.

Fig. 2. Cross-sectional echocardiograms in a 1-year-old boy in group 1. 
Panel A was taken in the cross-section along the long cardiac axis and panel 
B was recorded in the cross-section of the sagittal plane of the chest. The dis-
continuity of IVS (D) is clearly recognized both in 2 cross-sections. The 
diameter of discontinuity is larger in panel B than in panel A. The hyper-
kinetic movement of pulmonary valve is also demonstrated in panel B. RV=
right ventricle, IVS=interventricular septum, AO=aorta, D=discontinuity 
of IVS, AML=anterior mitral leaflet, PML=posterior mitral leaflet, LA=left 
atrium, LV=left ventricle, PV=pulmonary valve. PM=pupillary muscle.
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upper portion of IVS, the pulmonary valve is recorded and the mitral valve 
is demonstrated on the opposite site. Each heart chamber is normal in size 
and the discontinuity of IVS is not recognized in the 2 cross-sectional echo-
cardiograms.

The patients with VSD were divided into 3 groups according to the find-
ings of IVS in cross-sectional echocardiograms in this study. Group 1 in-
cluded 34 patients who showed the defect of IVS and were diagnosed as VSD 
only with this method. Group 2 consisted of 13 patients who showed ab-
normal posterior movement of IVS mainly at early diastole and were thought 
to have VSD. Group 3 was composed of 41 patients of VSD with normal cross-
sectional echocardiograms and no discontinuity of IVS.

Figure 2 shows the cross-sectional echocardiograms of a 1-year-old boy 
in group 1. In the cross-section of the long cardiac axis (panel A), the dis-
continuity of IVS was clearly recognized at the upper part of the IVS just 
below the aortic valve. The echo discontinuity was 8mm in diameter. Other 

parts of the IVS showed no abnormalities and no additional echo discon-
tinuity was demonstrated. The cavity of the left-sided heart was larger than 
that in normal subjects.

In addition, in the cross-section of the sagittal plane of the chest, the 
discontinuity of IVS was also demonstrated just below the pulmonary valve 

(panel B). This was more obviously recognized in this cross section and the 
discontinuity was 10mm in diameter. The pulmonary valve was clearly 
recorded and showed hyperkinetic movement probably due to pulmonary 
hypertension. In this patient, heart catheterization revealed marked pul-
monary hypertension, and the defect of IVS of 12mm in diameter fell into 
Kirklin type II, just below the pulmonary valve at cardiac surgery.

Figure 3 was recorded in an 18-year-old female with Eisenmenger com-

plex in group 1. Panel A is the cross-sectional echocardiogram and panel B 
is the M-mode scan echocardiogram. The discontinuity of IVS(D) was re-
cognized and the faint echo trace was demonstrated both in cross-sectional 
and M-mode scan echocardiograms.

The B-mode echocardiograms of a 36-year-old housewife associated with 
mitral regurgitation in group 2 were shown in Fig. 4. Panel A was recorded 
in the cross-section of the long cardiac axis and panel B was recorded in the 
cross-section parallel to the line 1cm below the long cardiac axis. The enlarged 
left ventricle and atrium were demonstrated in the long cardiac axis. But the IVS 
appeared to be almost normal and the discontinuity of IVS was not recognized 
in panel A. B-mode echocardiogram in panel B revealed that the IVS moved 

posteriorly and abruptly toward the left ventricular cavity in early diastole 
(arrow), but the discontinuity of IVS was not constantly recognized. Thus
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Fig. 3. Cross-sectional echocardiogram and M-mode scan echocardio-

gram recorded in an 18-year-old female with Eisenmenger complex in group 
1. The discontinuity of IVS (D) is clearly demonstrated in panel A and the 

faint echo trace is also recognized at the upper part of IVS in M-mode scan 

echocardiogram. RV=right ventricle, AO=aorta, D=defect, IVS=inter-

ventricular septum, AML=anterior mitral leaflet, PML=posterior mitral 

leaflet, LA=left atrium, LV=left ventricle, RVO=right ventricular outflow 

tract, ECG=electrocardiogram.

Fig. 4. Cross-sectional echocardiograms from a 36-year-old housewife 

with VSD associated with mitral regurgitation in group 2. Panel A was re-

corded in the cross-section of the long cardiac axis and B was taken in the cross-

section parallel to the line 1cm below the long cardiac axis. In the cross-sec-

tion of the long cardiac axis, enlarged left atrium and ventricle are demon-

strated, but the echo discontinuity of IVS is not shown, However, panel B 

shows the abruptly posterior movement of IVS (•¨). RV=right ventricle, 

IVS=interventricular septum, AO=aorta, AML=anterior mitral leaflet, 

PML=posterior mitral leaflet, LA=left atrium, LV=left ventricle, arrow 

(•¨)=abnormal movement.
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Fig. 5. Cross-sectional echocardiogram and M-mode scan echocardio-

gram in a 6-year-old boy in group 3. Both echocardiograms reveal no echo 
discontinuity of IVS. In M-mode scan echocardiogram, slight irregular 

movement of IVS due to respiration is demonstrated. RV=right ventricle, 

AO=aorta, IVS=interventricular septum, AML=anterior mitral leaflet, 

PML=posterior mitral leaflet, LA=left atrium, LV=left ventricle, CW=

chest wall, RVO=right ventricular outflow tract, ECG=electrocardiogram.

Fig. 6. Cross-sectional echocardiograms in a 1-year-old boy with VSD. 
Panel A shows preoperative image and panel B was recorded after cardiac 
repair of VSD. The strong linear echo (P) is demonstrated at the upper part 
of IVS which preoperatively shows the discontinuity of IVS. RV=right 
ventricle. PV=pulmonary valve. IVS=interventricular septum. D=defect. 
AML=anterior mitral leaflet, LA=left atrium, LV=left ventricle, PM=

papillary muscle, P=patch, AO=aorta.
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the direct diagnosis of VSD was not obtained only by cross-sectional echo-
cardiogram. However, VSD was suspected because this abnormal septal 
movement was not recognized in normal subjects.

Figure 5 is the cross-sectional and M-mode scan echocardiograms from a 
6-year-old boy in group 3 with normal movement of IVS showing no echo 
discontinuity. The IVS was clearly demonstrated antero-caudally with a thick 
echo band with continuous trace. The heart cavity was not so enlarged. 
Namely, this cross-sectional echocardiogram showed almost normal pattern 
except mild heart enlargement. In M-mode scan echocardiogram, the dis-
continuity of IVS was not demonstrated, but the slight irregular movement 
was recognized due to respiration.

The diagnosis of VSD was made or suspected in the half of the VSD 

patients with cardiac symptoms by cross-sectional echocardiography and it is 
important in terms of possible cardiac surgery and for the prognosis especially 
in childhood.

Figure 6 was recorded from a 1-year-old boy with VSD. Preoperatively 

(panel A), this patient showed an obvious echo discontinuity in IVS of 1.0cm 
in diameter just below the pulmonary valve in the sagittal cross-section of the 
chest. But postoperatively(panel B), a strong linear echo from teflon patch(P) 
was recognized at the upper part of IVS, which preoperatively showed an echo 
discontinuity. These strong linear echoes were constantly recorded in pa-
tients in whom teflon patch was used for the closure of VSD. They were 
considered to emanate from patches used for cardiac surgery.

2. Relationship between cross-sectional echocardiogram and other cardiac examina-

tions:

The correlation was also studied between the visualization of the defect 

of IVS by the cross-sectional echocardiogram combined with M-mode echo-
cardiogram and the data of other cardiac examinations such as cardiac cathe-

terization, chest X-ray and electrocardiogram (ECG). The results are shown 

as follows:

(A) Pulmonary artery pressure
The pulmonary artery pressure was closely related to the visualization 

of the defect of IVS. In marked pulmonary hypertension (higher than 50
mmHg in systolic pulmonary artery pressure and 25mmHg in mean pulmonary 

artery pressure), 26 of the 32 patients showed the echo discontinuity in the IVS 

(81.3%). In mild pulmonary hypertension(higher than 30mmHg in systolic 

pulmonary artery pressure and 20mmHg in mean pulmonary artery pressure), 
4 of the 10 patients revealed the echo discontinuity of IVS(40%), but the 

defect of IVS was visualized in only 4 of the 24 pulmonary normotensives
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(16.8%). In the remaining 22 patients, the catheterization data were not 

analyzed.

In group 1, 26 patients showed marked pulmonary hypertension (76.5%).

But no specific findings of pulmonary artery pressure were noted in group 2, 

and the majority of group 3 showed normal pulmonary artery pressure.

(B) Pulmonary to systemic flow ratio(Qp/Qs)

The magnitude of the left-to-right shunt volume was expressed as an 

index of Qp/Qs. Larger Qp/Qs at ventricular level was recognized in group 

1(mean•}SE=2.3•}0.2, with a range of 1.3 to 5.7). Group 2(1.4•}0.1, with a 

range of 1.1 to 1.8) and group 3(1.6•}0.1, with a range of 1.1 to 2.0) revealed 

smaller Qp/Qs ratio than group 1 (1:3, p<0.01).

(C) Cardio-thoracic ratio(CTR)

Heart size in chest X-ray was shown as a cardio-thoracic ratio(CTR). 

In group 1, it was 59.6•}1.0%(mean•}SE) with a range of 48 to 68%, group 2 

indicated it was 56.7•}2.1% with a range of 51 to 63% and it was 50.6•}1.2% 

with a range of 44 to 68% in group 3. Group 1 and 2 had larger CTRs than 

group 3 (1:3, p<0.001, 2:3, p<0.05).

In ECG, the patients in group 1 tended to show heart enlargement, but 

the majority of the patients in group 3 showed normal ECG.

(D) Left atrial dimension corrected for the body surface area (LAD/

BSA)

In group 1, the mean LAD/BSA was 43.0•}2.7mm/M2(mean•}SE) with 

a range of 16.0 to 79.5mm/M2. It was larger than that in group 2 (37.1•}

5.1mm/M2 with a range of 16.0 to 81.0MM/M2) and group 3(26.5•}1.3

mm/M2 with a range of 15.0 to 61.0mm/M2). Group 1 had an obviously

Table II. Summary of the Findings of Clinical and Echocardiographic 

Examination in 3 Groups of VSD

Qp/Qs=pulmonary to systemic flow ratio, CTR=cardio-thoracic ratio, AML=anterior mitral 
leaflet, DDR=diastolic descent rate, A/E=A amplitude/E amplitude of AML, EF=ejection frac-
tion, AO=aorta, LA=left atrium, BSA=body surface area.
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larger left atrium and group 2 had also an enlarged left atrium. (1:3, p<

0.001, 2:3, p<0.01).

(E) Aortic dimension corrected for the body surface area(AO/BSA)

The mean AO/BSA in group 1 was 37.2•}1.8mm/M2(mean•}SE) with a 

range of 19.0 to 58.0mm/M2. In group 2, it was 26.9•}3.8mm/M2 with a 

range of 13.0 to 55.0mm/M2, and it was 24.7•}0.9mm/M2 with a range of 

15.0 to 35.0mm/M2 in group 3, as shown in Table II. Group 1 showed 

wider aorta (1:2, p<0.05, 1:3, p<0.001).

As a result, the Qp/Qs, CTR, LAD/BSA, and AO/BSA were significantly 

larger in group 1 than in group 3. The DDR of AML, A/E ratio, ejection 

fraction(EF) were not significantly different among these 3 groups, as shown 

in Table II.

3. Size of VSD:

Thirty-four patients in group 1 clearly showed the defect of IVS as an 

echo discontinuity. The type of VSD mostly fell into Kirklin type I, II, or 

mixed type of I and II.15) The size of the echo discontinuity of IVS in cross-

sectional echocardiogram ranged from 5 to 20mm in diameter with mean 

value of 10.5•}1.2mm. At cardiac surgery, these patients had a defect of 

IVS from 8 to 30mm in diameter with mean value of 12.9•}1.4mm. Group 2 

had a defect of IVS from 7 to 10mm in diameter with mean value of 8.5•}

1.5mm at cardiac surgery. And groups 3 showed VSD diameter of which 

was 4 to 6mm with mean value of 4.7•}0.3mm at cardiac operation, al-

though the defect of IVS was not directly visualized by cross-sectional echo-

cardiogram in this group. The size of the defect in B-mode echocardiogram 

was slightly smaller than that at cardiac surgery.

DISCUSSION

Recently, echocardiography has come into clinical use in congenital heart 
disease.16)-25) Until now, however, the characteristic findings of VSD are 

generally not obtained with M-mode technique, although the discontinuity 
of IVS was occasionally demonstrated in extremely large VSD, and the direct 
visualization of the defect of IVS has been difficult.

In contrast, real time cross-sectional echocardiography enabled to vi-
sualize the whole IVS from the apex of the left ventricle to the junction of 
the anterior wall of aorta.

In this study, it was possible to watch the defect of IVS as an echo dis-
continuity with real time B-mode echocardiography. The IVS defect was 
clearly recognized in 34 patients. The size of the discontinuity displayed on
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the B-mode echocardiogram was slightly smaller than the actual size of defect 
at cardiac surgery. It may be due to the limited resolusion of the transducer 
or poor gain setting. It may also be ascribed to the spacial gap between the 
cross-sectional plane and the position of the defect.

Group 1 accounted for 39% of all patients, group 2 formed 15% of 
them, and group 3 made up 46%. The patients with VSD underwent echo-
cardiographic examination were limited to those who were referred to the 
Nagoya University Hospital for a thorough cardiac examination and under-
went cardiac catheterization combined with angiocardiography and/or car-
diac surgery. But the percentage of visualization of VSD is thought to be 
slightly low, since the patients with complex cardiac malformations having 
large VSD were excluded from this study. Although it is still difficult to 
visualize small VSD, real time cross-sectional echocardiography provided direct 
diagnostic findings of VSD in about half of the patients. And the visualiza-
tion of the defect of IVS is thought to be a most characteristic feature of this 
lesion.

Moreover, our classification of VSD into 3 groups according to the cross-
sectional images is considered to be clinically useful, since the patients in 

group 1 had severe cardiac symptoms with higher pulmonary artery pressure 
and more enlarged heart chambers. Hence, they should undergo surgical 
intervention as early as possible.

A majority of 13 patients in group 2 showed abnormal posterior move-
ment of IVS, though the clear discontinuity of IVS was not recognized in 
B-mode echocardiogram. A certain part of IVS abruptly moved posteriorly 
at early diastole, but the abnormal movement was not demonstrated through-
out the cardiac cycle. It was probably attributable to its location difficult to 
be detected even by B-mode echocardiography. In the patients of VSD with 
aneurysm of the Valsalva sinus, the abnormal movement was recorded in 
IVS just below the aortic valve. Its movement was slightly different from 
the majority of the patients in this group. The abnormal movement sug-

gested the presence of VSD since these abnormal movement was not recogniz-
edin normal subjects and patients without this lesion.

Group 3 showed almost normal cross-sectional echocardiograms, in which 
the discontinuity of IVS was not recognized and the IVS showed normal 
movement. This group was further divided into 2 sub-groups by the size of 
the heart cavity and the movement of the IVS and posterior wall of the left 
ventricle(LVPW) in cross-sectional echocardiogram. One of them had mildly 
enlarged left-sided heart cavities and hyperkinetic movement of heart, and 
the other was both normal in heart size and movement. This group showed 
normal pulmonary artery pressure and developed no severe cardiac symptoms.
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The cardiac operation is not always necessary in group 3, although the pa-
tients with enlarged heart cavities and hyperkinetic movement should probably 
undergo surgical intervention.

In postoperative patients, the patch echo was detectable in the majority 
of the patients in whom teflon patch was used for the closure of VSD. It was 
demonstrated as a strong, linear echo at the region where there was the echo 
discontinuity prior to operation. A large echo interruption was occasionally 
noted by cross-sectional technique at the margin of patch, suggesting blood 
leakage.26) However, a smaller one could not be recognized only by this 
method.

An analysis of the findings of other cardiac examinations revealed heart 
enlargement in chest X-ray, ECG and M-mode echocardiogram, and pul-
monary hypertension in cardiac catheterization in group 1. On the other 
hand, these data were within normal limits in group 3. Group 2 showed no 
specific findings. More characteristic findings were recognized in group 1 
than in group 3.

Finally, real time cross-sectional echocardiography provided direct vi-
sualization of VSD in a higher percentage of patients with VSD and it is thought 
to be a useful tool for the diagnosis of VSD and evaluation of pre- and posto-

perative cardiac condition of patients with this lesion.
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