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S INCE the first mention of a case of atrial
septal defect in a report by Morgagni

in 1765, over 300 cases had been recorded

in the literature by 1957.1 It might be esti-

mated that since then probably an equal

number of cases have been reported.2 3� 4� 5

Atrial septal defects are thought to be, by

most authors, among the commonest of con-

genital heart defects. Wood cites an mci-

dence of 18%, Keith 7%, and in our material,

atrial septal defects of the secundum Va-

riety represent 10.04% of the 3,786 patients

studied in the last 10 years. In the dis-

cussion to follow, when referring to atrial

septal defects, we will mean the ostium

secundum variety and will exclude, by the

accepted 78 9 endocardial cushion

type lesions.

It would appear that atnial septal defects

are compatible with a long life span with

reports in the literature of patients living

up to 70 and 80 � As a matter of

fact, Wood stated (personal communica-

tion) that in inmates of institutions for the

aged, the percentage of atnial septal de-

fects was not appreciably different from

that noted in the general population. The

evidence at present suggests that approxi-

mately 50% of cases of uncomplicated atrial

septal defects survive more than 40 years.

Although the natural history of the defect

is well documented in older �

not much is known about the course in in-

fancy and early childhood since, unlike

most congenital anomalies of the heart, it is

decidedly unusual for an atrial defect to

manifest itself early. In Braudo’s series of

31 patients, only 16% had a history of mur-

mur at birth and in 23% a murmur was not

discovered until age 5 years or older.ll As

a matter of fact, there has been only one

publication so far reporting on infants with

atrial septal defects of the secundum va-

niety.5

The purpose of this presentation is to

describe the clinical and physiologic pic-

tune of atnial septal defect in a sizeable

group of infants seen at the Children’s Hos-

pital Medical Center, to report their course

during some years’ follow-up, and to search

for any distinguishing features between

these individuals and those in whom atnial

defects are discovered later in life.

MATERIAL AND METHODS

Autopsy material fom January, 1955, to

the present, September, 1962, was analyzed

and of the better than 2,400 necropsies

done at the Children’s Hospital Medical

Center during this period, there were no

infants under 2 years of age who died of

an uncomplicated atnial defect. Atnial de-

fects were found as incidental lesions in

infants succumbing from other diseases,

but these were eliminated from the study

because they never had any signs or symp-

toms referable to the atnial defect.

In analyzing the cardiac catheterization

data during this same period, 1955 to 1962,

10 patients, 6 males and 4 females, ap-

peared to fulfill the clinical and laboratory

requirements for the diagnosis of secundum

atnial defects. These were: (a) An increase

in oxygen saturation between tile superior

vena cava and the right atrium of at least

15% in one set of samples or of 10% in two
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or more sets. (b) Absence of a right to left

shunt (except Case 10, in whom the diag-

nosis was confirmed at surgery). (c) Elec-

trocardiographic evidence of a clockwise

frontal plane loop with a mean electrical

axis to the right of 0#{176},thus excluding the

endocardial cushion defect group. Three of

these 10 patients were catheterized twice,

and the period of follow-up ranged from

1 month to 7 years, averaging 26 months.

Two of these patients have undergone

surgical repair and all are living at the

time of this writing.

RESULTS

Clinical Observations

Study of the family histories revealed

congenital heart disease, a patent ductus

arteriosus, in an aunt of one patient (Case

3).

Gestational and birth histories were un-

remarkable in all, and birth weights ranged

from 5 lb (2.3 kg) to 8 lb 9 oz (3.71 kg).

Associated defects were found in four pa-

tients; pectus carinatum in one, hydroceph-

alus in another, micrognathia in a third,

and pyloric stenosis in the fourth case.

Congestive heart failure was suspected,

on the basis of tachypnea, tachycardia, and

cardiomegaly, in 3 of the 10 cases, at 7

months, 12 months, and 13 months, re-

spectively. In several instances, there was

a question of co-existing pneumonia at the

time congestive failure was thought to be

present. That heart failure was probably

present in these three babies was borne

out, however, by the improvement in ap-

petite and decrease in tachypnea and tachy-

cardia which followed digitalization. Two

of these patients continued to do well when

digitalis was discontinued at 2 years and at

3% years respectively. The third patient is

now 4 years old and remains on digitalis

(Case 7). No additional patients developed

congestive failure during their follow-up.

A history of an increased number of

severe respiratory infections was elicited

in 3 of these 10 patients at the time the

definitive diagnosis was made by cardiac

catheterization, and one other patient cathe-

terized early in life subsequently developed

frequent respiratory infections.

Five children were in the 3rd percentile,

or below, in weight at the time of the first

cardiac catheterization. Two were in the

20th percentile, one in the 2�th percentile,

one in the 50th percentile, and the last in

the 90th percentile. Three patients at or

below the 3rd percentile in weight re-

mained below the 10th percentile during

follow-up periods averaging 31 months.

Three patients who were above the 10th

percentile in weight remained above the

10th percentile during follow-up, and in the

remaining 4 patients not enough time has

elapsed since their cardiac catheterization

studies to assess their growth. The retarda-

tion in linear growth was less striking in that

height was under the 50th percentile in all,

but at or above the 10th percentile in eight.

A thrill, attributable to the gradient

across the pulmonary valve, was palpable

in three of the cases under discussion. The

first heart sound was considered normal in

all, while the intensity of the second sound

at the second left interspace was described

as increased in eight cases. Wide splitting

of the second sound was heard in 7 of the

cases, and in these the effects of respiration

on the degree of splitting was commented

upon in only 5 cases at the first examina-

tion; in 4 of them no respiratory variations

were noted, and in the fifth the degree of

splitting was thought to vary with the

phases of respiration.

A systolic murmur, no louder than grade

III in intensity, usually best noted at the

second and third left interspace, was heard

in all patients. The murmur was discovered

in 8 patients before the age of 6 months

and in one of each at 9 months and 21

months respectively.

An apical or lower left sternal border

diastolic murmur, an inflow rumble,12,13 was

heard in 8 of the cases.

Figure 1 summarizes these findings.

Electrocardiographic Findings

Electrocardiograms were obtained in all

cases, and the characteristic tracing of right

axis deviation in the standard limb leads
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FIG. 1. Suninmarv of the signs, symptoms, and

pilysical findings in 10 infants with secun�1un�

atrial defects. Cl-IF, congestive heart failure; �,

murmur.
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with an rsR’ pattern in the right precordial

leads was found in 415

There was an rsR’ pattern in V1 in 7

cases, an rsr’ pattern in one, a qR pattern

in another, and a pure R in the last case.

The mean electrical axis ranged from

+95#{176}to + 110#{176}(Fig. 2) and there was right

ventricular hypentrophy in 6 cases cvi-

denced by voltages in the right precondial

leads exceeding the normal ranges deter-

mined by Alimurung and Massell.16

The direction of the frontal plane loop,

as determined by a vectorial analysis of the

scalar electrocardiogram, was inscribed in

a clockwise fashion in the 9 patients in

whom this analysis was possible. In the

10th, the mean electrical axis was perpen-

dicular to the frontal plane.

Subsequently, the electrocardiograms re-

mained essentially unchanged and only one

patient whose electrocardiogram was at

first normal developed right ventricular

hypertrophy (Case 8).

X-ray Findings

X-rays were obtained on all patients at

the time of cardiac catheterization. There

was mild cardiac enlargement in 3 patients

and moderate enlargement in 7 (Fig. 3). The

pulmonary artery appeared normal in 2,

mildly prominent in 4, and moderately

prominent in the last 4 patients. The size

of the pulmonary artery was difficult to

assess because of the presence of thymic

tissue in some and because the main pul-

monary artery appeared to lie more me-

dially than usual in some of the younger

cases.

FIG. 2. The mean electrical axes determined by

vectorial analyses of the scalar electrocardio-

grams. In one of the 10 patients, the mean QRS

axis was indeterminate.

Pulmonary vasculature was felt to be

slightly engorged in five patients and mod-

erately engorged in five.

With follow-up, there was little change

in the x-ray appearance except for one pa-

tient (Case 8) whose moderate enlargement

became more marked.

Cardiac Catheterization Findings

Cardiac catheterization under mild seda-

tion (Demerol, Phenergan, and Chlorproma-

zinc mixture) demonstrated, by oxygen sat-

uration data, an appreciable left to right

shunt in all patients (Table I). A rise in oxy-

gen saturation at the right atrial level might

theoretically be due solely to anomalous

pulmonary venous drainage, but the cx-

istence of an atrial defect was proven on

cmneangiograms by left atrial injections in

7 cases. In the remaining 3, the presence

of an atrial septal defect was proven at sur-

gery in one (Case 6), and by oxygen satu-

ration data and virtual identity of left atrial

and right atnial pressures in the other two

(Cases 7 and 9).

In 4 cases (1, 2, 6, and 9), there was a

small rise in oxygen saturation from the

right atrium to the pulmonary artery rais-

ing the suspicion of an additional shunt at

the ventricular level. This increase in satu-

ration was not felt to be significant and

was attributed to poor mixing in the right
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FiG. 3. Postero-anterior radiograms of patients 1 and 6, respectively, showing mild cardiac enlarge-

ment in (a), moderate enlargement in (b), and pulmonary vascular engorgement in both.

TABLE I

-, withdrawal pre,snren

atrium. \Tcntricular defects were ruled out

in three of these (1, 2, and 6) by left yen-

tnicular injections of radio-opaque dye

which revealed no right ventricular filling.

In tile remaining patient (Case 9), the mm-

ute rise in oxygen saturation plus tile iden-

tity of left atnial and right atnial pressures

tended to rule out the presence of a yen-

tricular septal defect.

There was a small right to left shunt at

CATHETERIZATION DATA

Satural ions % Pr ea:ure-s mm JIG Cineangiograms
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Cal/i.
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Cath �
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the atnial level in one patient only in whom

the systemic arterial saturation was 93.8%,

while the pulmonary vein sample was 98.4%

saturated (Case 10). The diagnosis of a se-

cundum defect in tilis patient was con-

firmed at operation when a large defect,

3.5 by 1.5 cm, was found posteriorly in the

septum.

In Case 6, first studied in 1955, the rela-

tively small pulmonary flow was calculated

on the basis of one pulmonary artery sam-

pie only. That the size of the shunt may

then have been underestimated is sug-

gested by the fact that a repeat study, 5

years later and including several pulmo-

nary artery samples, revealed a 3.6:1 pul-

monary to systemic flow ratio. This was in

keeping with the x-ray changes as well as

tile operative finding of a 3 cm-long defect

in the inferior aspect of the atnial septum

near the coronary sinus.

The pulmonary to systemic flow ratios

were all over 2:1, except for Case 6 men-

tioned above. There was no appreciable

pressure gradient between the atnia in 8

patients. However, in 2 (Cases 2 and 5),

there was an unexplained difference of 5

mm and 7 mm of mercury between the

mean pressures of the two atnia. We have

as yet no information on the size of the

defects in these two infants in whom the

shunts were almost twice the size of the

systemic flows.

Gradients across the pulmonary valve

existed in all, with a range of from 4 to

29 mm of mercury. In light of the large

pulmonary flow in each, the gradients were

considered to be functional. Pulmonary

artery pressure was not elevated, and pui-

monary resistance in all was in the normal

range. Values under one unit were found

in six infants.

Repeat studies were undertaken in 3 pa-

tients from 2 to 5% years later. Increased

pulmonary flows were again found, and no

major change in pressures was noted.

COMMENT

Since the diagnosis of secundum atnial

defects has been infrequently made in in-

fancy, it seemed worthwhile to compare the

clinical and hemodynamic features of these

10 infants with those well described in older

children with atrial septal defect. It should

be recognized that these findings may not

be present in other infants with atnial de-

fects who were not brought to the attention

of the cardiologist. As in the children, our

patients were found to have a hyperdy-

namic right ventricular impulse, a systolic

murmur of moderate intensity at the

upper left sternal border, and a widely split

second sound. The splitting was uninflu-

enced by respiration in all but one of these,

and a diastolic rumble was heard in most of

the cases. Electrocardiograms and x-rays

revealed the classical findings of the se-

cundum defect.

Cardiac catheterization data revealed

mild right ventricular hypertension and low

pulmonary artery pressure despite the

moderately large left to right shunts. A

functional gradient existed across the pul-

monary valve. The high pressure gradient

between the atria in two cases is without

explanation. As there is little information

on the hemodynamics of secundum defects

in infancy, the significance of this unusual

gradient has yet to be determined.

It is generally believed that persistence

of the fetal pattern of right ventricular and

pulmonary artery hypertension prevents

shunting of blood from left to right through

an atnial defect early in life. Since the find-

ings in these 10 cases were similar to those

in the older patient, it can only be postu-

lated that in these infants right ventricular

compliances somehow approached levels

usually found later in life.

SUMMARY

1. Ten patients between the ages of 5

months and 2 years with the secundum

variety of atnial septal defect were diag-

nosed by cardiac catheterization.

2. The hemodynamic and physiologic

data classically associated with secundum

atrial defects were found except for the

unexplained existence in two cases of a

pressure gradient between the atria.
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3. Most of these patients were relatively

asymptomatic, and the few who developed

congestive heart failure were controlled

medically until the optimum age for dee-

live repair was reached.

4. All 10 patients are alive at the time of

this writing.
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