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Long-term outcomes excellent
for atrial septal defect repair in adults

B ABSTRACT

Congenital atrial septal defect repair is safe and effective in
patients of almost any age. Long-term survival among
adults is excellent, although children generally appear to
fare even better. Our 25-year study of outcomes among
adults who underwent suture or patch closure found that
survival exceeded 90%. We discuss our observations on use
of transesophageal echocardiography, indications for
cardiac catheterization, and continuing questions about
atrial septal defect in adults.

M KEY POINTS

Most patients achieve New York Heart Association
functional class | status within the first month and maintain
that status indefinitely.

Physicians should consider prophylactic beta-blocker
therapy to prevent atrial arrhythmias.

Some experts favor transesophageal echocardiography
rather than transthoracic echocardiography for the initial

diagnostic evaluation because a transesophageal approach
can better detect defects high in the atrial septum.

T'S NEVER TOO LATE to patch a hole in the
heart, generally. Most adults with a con-
genital atrial septal defect who undergo surgical
repair survive at least 25 years after surgery.
Atrial septal defects are the most common
congenital heart abnormalities in adults,
accounting for approximately one fourth of all
cases.! They are two to three times more com-
mon in women than in men.!

® CHARACTERISTICS
OF ATRIAL SEPTAL DEFECTS

Three types (FIGURE 1)

e Ostium primum defects, located low in
the atrial septum, are characterized by a
cleft in the anterior leaflet of the mitral
valve and occasionally a cleft in the tri-
cuspid valve. This type accounts for
approximately 15% of cases.!

e  Ostium secundum defects (also called
fossa ovale defects), are located midway up
the atrial septum. This type accounts for
approximately 75% of cases.

* Sinus venosus defects are located high in
the atrial septum, and are associated with
a partial anomalous pulmonary venous
return of the right upper pulmonary veins
to the right atrium. This type accounts for
approximately 10% of cases.

Shunting is mostly from left to right

In young and middle-aged adults, the left atri-
al pressure exceeds the right atrial pressure
during most of the cardiac cycle. Therefore, in
persons with atrial septal defects, the domi-
nant shunt is from left to right. Immediately
after atrial systole, however, pressure may be
greater in the right atrium than in the left, and
thus blood flow can briefly shunt from right to
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B Types of atrial septal defects
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FIGURE 1. The three forms of atrial septal defect: ostium primum, ostium secundum (fossa ovale),
and sinus venosus.
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left. Another factor that allows a small
amount of right-to-left shunting is that the
inferior vena cava is directly aligned with the
midportion of the septum. Thus, adults with
atrial septal defects are at risk for a paradoxi-
cal embolus. For example, a patient with deep
venous thrombosis could possibly suffer a
stroke if the clot were to embolize, shunt from
the right atrium to the left, and lodge in the
cerebral circulation.

Because of the left-to-right shunting, pul-
monary blood flow is markedly increased (up
to three times normal). Yet adults with atrial
septal defects almost always have normal or
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only minimally elevated pulmonary artery
pressures until late in life. Even then, signifi-
cant pulmonary vascular disease is uncom-
mon.

B LONG-TERM OUTCOME
STUDIES LACKING

Fifteen years ago, there was a paucity of data
on long-term outcomes of adults who under-
went surgical correction of atrial septal defect.
Most follow-up studies then included relative-
ly small populations and short follow-ups. To
help remedy this situation, in 1986 we pub-
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lished a report of long-term outcomes in our
patients.?

M CLINICAL CHARACTERISTICS

We studied 295 patients who underwent sur-
gical closure of an atrial septal defect between
1956 and 1981. Of these, 74% were women.
The mean age was 40 years (range 19 to 70
years), and 27% had a family history of atrial
septal defect.

Types of defects found

e Ostium primum: 6%

e Ostium secundum: 88%
e Sinus venosus: 6%.

Diagnostic imaging: transesophageal
echocardiography is more sensitive
Since we first published our findings, it has
become apparent to us that the percentage of
patients we studied who actually had a sinus
venosus defect was probably larger than what
we reported. The reason, we believe, is that
this defect frequently was—and still is—
missed on transthoracic echocardiography,
even though transthoracic echocardiography
is the gold standard for diagnostic evaluation.’
Today, we use transesophageal echocardio-
graphy to identify sinus venosus defects
because it is much more sensitive in detecting
this condition. In many instances, in fact,
transesophageal echocardiography is the only
means of imaging even large sinus venosus
defects and anomalous drainage.45
Furthermore, adult patients with atrial
septal defects and a dilated right heart are
often erroneously told that the defect has
become smaller but the right side of the heart
has remained dilated from the previous defect.
This conclusion is almost always false because
these patients almost always are found to have
a significant sinus venosus defect that cannot
be visualized easily with transthoracic
echocardiography. These defects are readily
seen with transesophageal echocardiography.
In this setting, all patients should undergo
transesophageal echocardiography.

Preoperative symptoms and conditions
e Shortness of breath: 51%
e Palpitations and easy fatigability: 43%
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Dyspnea on exertion: 41%
Atrial fibrillation: 12%
Congestive heart failure: 11%
Cyanosis: 4%

History of stroke: 3%

No symptoms: 15%.

Preoperative medications

e Digoxin: 29%

e Diuretics: 18%

e Antiarrhythmics: 6%

e Other medications: 9%.

Findings on examination

e Heart murmurs: 97%

e A fixed-split second heart sound (which is
usually pathognomonic for atrial septal

defects): 54%.

Radiographic findings
e (Cardiomegaly: 70%
e Mild increases in pulmonary vascularity:

51%.

Electrocardiographic findings
*  Sinus thythm: 92%

e Right ventricular hypertrophy: 52% . .

e Atrial fibrillation: 7% Patients with

e Complete heart block: 1%. atrial septal

Hemodynamic findings defects are

We performcd cardia; cgtheterization in 290 at risk of

of our patients. The findings were as follows. .

® Mean systolic pulmonary artery pressure: paradomal
40 mm Hg; range 13-146 (normal: 10-22) embolization

e  Mean left atrial pressure: 8.5 mm Hg;
range 2—28 (normal: 3-5)

e Mean right atrial pressure: 7.0 mm Hg
(normal: 1-4)

e Ratio of pulmonary-to-systemic flow
(QP/QS): 2.8 (normal: 1.0); this high
value shows that most of the patients had
large left-to-right shunts.

e Mean total pulmonary vascular resistance:
3.9 units (normal: 3-8); this low value
corroborates the observation that patients
with atrial septal defects rarely develop
pulmonary vascular disease.

Associations between findings
Right ventricular hypertrophy was strongly
associated with increased pulmonary artery
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Adults with
atrial septal
defects rarely
have notable
pulmonary
vascular
disease
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Adult patients improve quickly
after surgery for atrial septal
defects
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FIGURE 2. Percent of patients
achieving New York Heart Association
functional class | after surgical closure
of atrial septal defects as adults.
Patients improved quickly and main-
tained their function long-term.

pressure, but not with age. Atrial fibrillation
and congestive heart failure were associated
with both as well as with each other (P < .001
for all comparisons).

Anatomic findings on catheterization

Cardiac catheterization also revealed the fol-

lowing prevalences of anatomic abnormalities.

® Anomalous pulmonary venous return:

13%

Coronary artery disease: 9%

Pulmonary stenosis: 5%

Pulmonary vascular disease: 15%

Normal left ventricular function as

assessed by ventriculography: 96%

e Severely impaired left ventricular func-
tion: 0%

e Mitral insufficiency: 7% (severe in only
1%)

e Mitral regurgitation (uncommon in atrial
septal defect): only 7%. (Although we did
not address the issue of mitral valve pro-
lapse in our study, our clinical experience
indicates that it occurs in fewer than 5%
of patients with atrial septal defect.)
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Long-term survival is high
among adults who undergo
closure of atrial septal defects
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FIGURE 3. Survival at 20 years among
295 patients who underwent surgical
closure of atrial septal defects as adults.

Indications for cardiac catheterization.

In those years, cardiac catheterization was per-
formed because it was the diagnostic proce-
dure of choice. We perform it today only if the
patient requires coronary angiography, has
some anatomic finding on echocardiography
that is not completely clear (which is rare), or
has significantly elevated pulmonary artery
pressures.

For patients with significantly elevated
pulmonary artery pressures, we routinely mea-
sure pulmonary artery pressure first as the
patient breathes room air and again while we
give oxygen or other agents or both to deter-
mine if there is a decrease in pulmonary vas-
cular resistance.

We conducted another study to ascertain
the value of coronary angiography in adults
with atrial septal defect; that analysis led us to
conclude that coronary angiography should be
performed in all patients who have at least one
risk factor for coronary artery disease. We
reviewed the records of 77 consecutive
patients (72% women; mean age 53) who
underwent selective angiography between
1982 and 1992. Eight (10.4%) of the 77
patients had coronary artery disease (= 60%
stenosis in at least one vessel). Three of the 8
patients had a lesion in the left anterior
descending vessel, 3 in the right artery, 1 in
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the left anterior diagonal vessel, and 1 in the
left anterior descending artery. Six of the 8
had abnormal resting electrocardiograms and
typical anginal symptoms.

B OUTCOMES

The defects were corrected with a primary
suture closure in 66% of our 295 patients, and
the remainder received a patch closure. Only
6 patients (2%) died during the initial hospi-
talization. Postoperatively, 4 patients (1.4%)
had cerebrovascular accidents.

Functional class

Before surgery, only 26% of the patients were
in New York Heart Association (NYHA)
functional class I; at 6 months, the number
had increased to 84%, and patients tended to
maintain that status long-term (FIGURE 2).

Long-term survival

Twenty-eight patients (9.5%) died during the
late postoperative period in 20 years of follow-
up, 8 of noncardiac causes. The actuarial sur-
vival rate at 20 years was 92% (rGure 3). The
most common causes of death were arrhyth-
mias, major hemorrhage, and myocardial
infarction.

Stroke

Twelve patients, all older than 35 years, had a
stroke at some point after the first postopera-
tive month. Only 4 of them had documented
atrial fibrillation.

Postpericardiotomy syndrome

Atrial septal defect is the most common
underlying congenital cardiac defect associat-
ed with postpericardiotomy syndrome (a peri-
cardial or pleural reaction occurring more
than 1 week after opening of the pericardium,
characterized by fever, chest pain, and signs of
pleural or pericardial inflammation). The rea-
son for the higher incidence in atrial septal
defect patients is unclear.

The incidence of postpericardiotomy syn-
drome was highest during the spring (FIGURE 4).
A possible reason for the seasonal variation is
that postpericardiotomy syndrome may be due
to an immunologic reaction to a virus present
more in the spring.
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Postpericardiotomy syndrome
is most common in the spring
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FIGURE 4. Seasonality of the incidence
of postpericardiotomy syndrome
among 295 patients who underwent
surgical closure of atrial septal defects
as adults.

Atrial fibrillation
Atrial fibrillation developed in 23% of the
295 patients.

During the early (< 1 month) postopera-
tive period, the incidence of atrial fibrillation
correlated with age and pulmonary artery sys-
tolic and diastolic pressures (P < .001). Later,
atrial fibrillation correlated with age at
surgery, age at follow-up, and atrial fibrillation
during the preoperative or early postoperative
period (P < .001). There was no correlation
between late atrial fibrillation and preopera-
tive pulmonary artery pressure or QP/QS.

Atrial arrythmia increases with age

The electrophysiologic consequences of wait-
ing until adulthood to have an atrial septal
defect repaired can be serious.6-8 Studies of
both adults with atrial septal defect and nor-
mal populations show that the incidence of
atrial arrhythmia increases with age, probably
as a result of pressure and volume loading of
the atria. Atrial fibrillation is common in the
postoperative period in adults.

Even after successful defect closure, atrial
arrhythmias are likely to occur if atrial size,
ventricular size, compliance, or function do
not normalize.
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Atrial
arrhythmias can
occur after
repair if atrial
size and other
factors do not
normalize
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Treating atrial fibrillation
We studied and successfully performed abla-
tion in a small number of patients who had
slow atrial flutter (intra-atrial reentry tachy-
cardia). In this condition, routine electrocar-
diograms typically show an atrial rate between
180 and 240 beats per minute and variable
atrioventricular conduction, and intracardiac
catheter mapping has shown a right atrial
reentrant circuit, which usually travels coun-
terclockwise around the anterolateral right
atrium, presumably along the site of the previ-
ous atriotomy. We followed a strategy of tar-
geting the area with the slowest conduction
and performing radiofrequency ablation,
which has uniformly resulted in short-term
success. These findings suggest that the right
atriotomy used to close an adult atrial septal
defect ought to be modified to prevent reentry
around it. Also, using a catheter to close an
atrial septal defect should decrease the inci-
dence of this unusual tachycardia.

To prevent atrial fibrillation, we give beta-
blockers for 3 months after surgery.

# COMPARISON OF ADULT
AND PEDIATRIC OUTCOMES

In a separate analysis, we compared the out-
comes of surgical atrial septal defect repair in
287 adults (mean age 41 years) and 153 chil-
dren (mean age 10 years). Of this group, 66%
of the adults and 72% of the children under-

went primary closure.9

Before surgery, children were healthier

e Only 61% of the adults were in NYHA
functional class I, compared with 75% of
the children (P < .001).

e  Of the adults, 88% had symptoms, primar-
ily exertional dyspnea and fatigue, com-
pared with 44% of the children (P <
.001).

e Atrial fibrillation was present in 12% of
the adults but none of the children.

Outcomes were similar

Mortality rates and improvement in NYHA
functional class were similar for children and
adults. However, atrial fibrillation was more
common in adults than in children.

Five (1.7%) of the adults died during
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surgery, compared with 3 (2%) of the chil-
dren. Early atrial fibrillation occurred in 24%
of the adults, compared with 5.2% of the
children (P < .01).

The cumulative 25-year survival rate
among the adults was 92%, compared with
96% in the children. At follow-up, 85% of the
adults and 93% of the children achieved
NYHA functional class 1. Atrial fibrillation
occurred at least 1 month after surgery in 8%
of the adults and 6% of the children.

A report from the Mayo Clinic published
20 years agol0 observed that even patients
older than 60 years experienced dramatic
improvement in symptoms after undergoing
atrial septal defect closure. The operative mor-
tality rate was slightly higher than that in
younger adults, but the overall risk was still
low and survival was similar to that of age-
matched controls.

B CONTINUING ISSUES

Although the operative mortality rate is low
in atrial septal defect patients and long-term
outcomes are generally good, a number of
questions remain unanswered.

Why do so few atrial septal defect patients
develop pulmonary vascular disease?
Patients with atrial septal defects with large
shunts generally do not develop pulmonary
vascular disease. In contrast, patients with
ventricular septal defects or patent ductus
arteriosus who have the same degree of left-to-
right shunting do have a high incidence of pul-
monary hypertension and pulmonary vascular
disease by the time they reach adulthood.

Is the answer related to the compliance of
the right ventricle? Or is it related to the shear
forces in the pulmonary arteries themselves,
which are affected more when blood is
dumped directly from a ventricular septal
defect or a ductus into the pulmonary arteries
rather than moving into the low-pressure atri-
um and ventricle before it is delivered to the
pulmonary arteries’

Does right ventricular function

improve after surgery?

Almost all patients with atrial septal defects
have normal left ventricular function. In some
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adults who undergo atrial septal defect repair,
the right ventricle remains dilated and its func-
tion is impaired. Even so, almost all of these
patients achieve NYHA functional class I.

[s their right ventricular function any dif-
ferent 40 or 50 years after surgery than it is
after 20 or 30 years?

Postpericardiotomy syndrome

Why is postpericardiotomy syndrome more
common in patients with atrial septal defects
than in any other group!?

Why is the stroke rate so high?

The incidence of stroke during the late-post-
operative and long-term follow-up periods is
worrisome. The longer the follow-up, the
greater the incidence of stroke.

Does the reason relate to the use of incom-
plete suture closures in most patients early in
our series! (Because suture repair might not
have completely closed the defect, there is a
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