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ABSTRACT 

Introduction and Objective: For this simple coHgenital heart defect, a significant number of patients will still develop 
severe dysrhythmia after operation. This study was done to determine tlze incidence of arrhythmia occurring after ASD 
surgery i11 pediatric patients at the Philippine Heart Center from 1993 to 1997. 

Methods: A study population of 117 patients operated on consecutively for ASD were gathered. Pre- and postoperative 
ECG were obtained in all patients. Different factors as to the cause of arrhythmia were gathered including age at operation, 
the type and duration of surgery, the size of the defect and associated lesions and their hemodynamic hemostasis. 

Results: Age at the time of operation was highly sig11ificant, with a mean value of 8.37 years for those without arrhytlzmia 
and 12.25 years for those who developed arrhythmias. T/ze mean significant to ASD was 3.93 cm2 for those without and 6.00 
cm2 for tlzose who had. Other parameters as the cause of arrhythmia mentioned above were not statistically significant. 

Conclusion and Recommendation: This retrospective study establishes that the age at operation and the size of ASD are 
causative factors arrhythmia after surgery. Long-term follow-up of postoperative ASD patients especially those who did not 
develop arrlzythmia is recommended. 

INTRODUCTION 

An atrial septa! defect (ASD) is a deficiency 
in the atrial septum resulting in free communication 
between the right and left ah·ium. ASDs account for 
10% to 15% of all congenital cardiac anomalies with 
a male to female ratio of 2:1 (12). Robbins et al.

classified ASDs to five categories: (a) patent foremen 
ovale, (b) secundum, (c) primum, (d) sinus venosus 
and (e) unroofed coronary sinus defect (3). Flow 
across an ASD is related to the size of the defect and 
the diastolic function of the left and right venh"icle. 
The right venh·icular diastolic compliance is 
generally greater than the left venh·icle, resulting in 
lower right atrial pressure relative to left atrial 
pressure. Bidirectional shunting occurs because of 
increases in right ah·ial pressure associated with 
respiratory variations (3). However, the net shunt is 
left to right shunt in most cases. 

The natural course of ASD is relatively 
benign. Typically, patients with ASD remain active 
and asymptomatic through early childhood. The 
presence and severity of functional limitation among 
patients with ASD increase with age. A hallmark in 
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the course of patient with ASD is the onset of ah"ial 
fibrillation ( or less commonly, ah"ial flutter) (12). The 
incidence of arrhytlunia increases witl1 advancing 
age and is seen more often in patients with large left 
to right shunts (QpQs > 3.4:1) and cardiomegaly (4). 
The proximity of fue conduction system of tl1e heart 
may also be related to the increasing incidence of 
arrhyfurnia in patients wifu ASD and probably even 
more after surgery (Figure 1). Guyton et al stated 
that fuis rhythmical and conductive system of the 
heart is very susceptible to damage by heart disease 
and ischernia of tl1e heart tissue (14). 

Figure 1. The sinus node and the Purkinje system of the 
heart, showing also the A-V node, the atrial 
internodal pathways, and the ventricular 
bundle branch 
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The reason for recommending surgical 
closure in childhood besides prevention of cardiac 
failure and pulmonary hypertension is the 
prevention of dysrhythmias which may develop 
when the patient becomes older. Postoperatively, 
the same type of dysrhythmias has been described 
as in other atrial surgries like the Mustard or 
Senning procedures, but with lower incidence (5) 
(1). Malignant dysrhythmias have been reported to 
occur among patients following ASD closure. About 
10% to 20% of cases requiring artificial pacing are 
due to sinus node dysfunction after ASD closure in 
older patients. Little is known about the incidence of 
dysrhythmias following ASD closure in the younger 
age group. 

The study was done to determine the 
incidence of arrhythmia after ASD surgery in 
pediatric patients at the Philippine Heart Center. 

The specific objectives were: 
1. To determine the incidence of arrhythmia after

ASD closure
2. To determine the type of arrhythmia noted after

ASD closure
3. To determine the different factors causing the

arrhythmia as to the size of ASD, type of ASD,
age at operation, presence of preoperative
arrhythmia duration of surgery and the
presence of associated lesions

METHODS 

This retrospective study involved all 
diagnosed cases of ASD who were admitted at the 
Department of Pediatrics of the Philippine Heart 
Center and eventually underwent ASD closure from 
January 1, 11993 to September 30, 1997. Data 
gathered included the following parameters: a) 
gender, b) age, c) echocardiographic findings on size 
of ASD, location as well as the presence of 
associated lesions, d) presence of arrhythmia prior to 
operation and e) duration of surgery and 
hemodynamic status. 

EKG tracings done preoperatively and 
postoperatively were analyzed. 

Data obtained were subjected to statistical 
analysis using tests of comparison, namely Chi
Square and Independent T-Test. A p value of <0.05 
was considered significant. Other data were 
described using rate and proportion through 
tabulations. 
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DEFINITION OF TERMS 

A. Regular Sinus Rhythm: The rhythm is regular
and the rate is normal for age. The two
characteristics must be present (1) P waves
receding each QRS complex with regular PR
interval and (2) P axis between O degree and +90
degrees (13).

B. Sinus node Dysfunction: The sinus node fails to
function as the dominant pacemaker of the heart
or at least performs abnormally slowly, resulting
in a variety of arrhythmias (13).

C. Atrial Fibrillation: The mechanism of this
arrhythmia is "circus movement" as in atrial
flutter. It is characterized by an extremely fast
atrial rate ("f" wave at a rate of 350-600/min.),
and an irregular ventricular response with
normal QRS complexes (13).

D. Premature Ventricular Contraction (PVC): A
bizarre, wide QRS complex comes earlier than
anticipated, with T wave pointing in the
opposite direction. There is a full compensatory
pause (the length of two cycles, including the
premature beat, is the same as that of two
normal cycles).

E. First-degree AV Block: There is prolongation of 
the PR interval beyond the upper limit of
normal for the patient's �ge and heart rate. This
is produced by an abnormal delay in conduction
through the AV node.

F. Physiologic Arrhythmia: This is an abnormal
sinus rhythm that can be seen in normal
individuals. Example of this are tachycardia,
bradycardia, and sinus arrhythmia.

G. Patlzologic or Malignant Arrhythmia: This is an
abnormal rhythms resulting from impulse
conducting abnormalities. Rhythm disturbance
presents according to the origin of the impulse.

RESULTS 

A total of 117 patients' charts which satisfied 
the inclusion criteria were included in this study. 
There were 49 males and 68 females with the male to 
female ratio 1:1.4. The age at operation ranged from 
4 months to 19 years (Mean of 9.8 years). 
Echocardiographic findings revealed the presence of 
ASD secundum in 65 children (56%), sinus venosus 
ASD in 7 (6%), ostium primum in 6 (5%). ASD with 
other associated lesions were seen in 39 patients 
(33%) (Table II). 
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Preoperative 
ECG (n= l 17) 

Postoperative 
ECG n= l 17 

74 (63%) 

ic Patholo ic 

4(4%) 

15(13%) 28(24%) 

Following surgical closure of ASD, there 
were 47 patients who had arrhythmia documented 
on ECG. Around 65% (28/43) had its onset in less 

than 24 hours while 35% (15/43) were noted after 24 
hours to 7 days following ASD closure. Most of the 
arrhythmias observed are PVCs and non-specific ST
T wave changes. Three patients required drug 
treatment on follow-up. Two children had 
supraventricular tachycardia and 1 had complete 
heart block. One patient who had ventricular 
tachycardia expired 6 hours after surgery secondary 
to suprasystemic pulmonary hypertension (Table 
III). 

Table II. Patient data operated on for ASD at the Philippine Heart Center 

Patient without arrhythmia Patient with arrhythmia Total (n=117) 
fn=741 (n=43) 

Age at operative (years) 0.3 - 19.0 (M=8.3) 0.5- 19.0 (M=l2.2) Mean=9.8 
Male: Female 29:45 20:23 49:68 
ASD 

Ostium Secundum 39 26 65 {56%) 
Ostium Primumm 4 2 6 (5%) 
Sinus Venosus 5 2 7 {6%) 

Associated Lesions 
PAPVR 8 2 10 {9%) 
PS 5 4 9(8%) 
Ebstein Anomaly 
VSD/PDA 6 I 7 (5%) 
MR 7 5 12 (10%) 

ASD = Atrial Septa/ Defect; PAPVR = Partial Anomalous Pulmonary Venous Rectum; PS = Pulmonary Stenosis; VSD/PDA Septa/ Defect/Patent Due/us 
Arteriosus; MR = Mitra/ Regurgitation 

Table Ill. Arrhythmia detected on pre- and postoperative ECG Tracing 
Types of Arrhythmia Preoperative (n= 11 I Postoperative ln=43) 
Physiologic Arrhythmia: 7 

1st Degree AV Block 5 
ST-T Wave Changes 2 
Sinus Arrhythmia 

Pathologic Arrhythmia 4 
PCVs 2 
PACs 
RBBB 

a) Complete
b) Incomplete

Complete Heart Block 
Ventricular tachycardia 
SVT 
Atrial Fibrillation 

15 
4 
10 
I 

28 
16 
2 

3 
1 
1 
I 
2 
2 

AV Block = atrioventricular block; PVCs = premature ventricular contractions; PACs = premature atrial contractions; RBBB = right bundle branck block; SVT = 

supraventricular tachycardia 

Postoperatively, the different causative factors 
were subjected to statistical analysis using the 
independent t-test by comparing those children who 
did not develop arrhythmia to those who had. Age at 
the time of operation was highly significant with the 
mean age of 8.372 years for those without arrhythmia 
and 12.250 years for those who developed arrhytlunia. 
The p value was 0.000 (Table IV). According to the size 
of tl1e lesion, tests showed significant results witl1 a 
mean value of 3.392 cm2 for tl1ose without arrhytlunia 
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and 6.002 cm2 for those who had. The p value was 
0.019. The bypass time and ischemic time were not 
statistcally significant. 

Table V showed p value results of the other 
parameters using the Chi-Square Test. The type of 
lesion· (whether ASD was alone or wit11 associated 
lesions) and the type of surgery (whether primary or 
patch closure) were not statistically significant as a 
possible cause of arrhythmia postoperatively. 
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Table IV. Different factors analyzed as to the cause of arrhythmia postoperatively 
Age at operation Without Arrhythmia With Arrhythmia P value 
(years) (n=74) (n=43J 

Mean 8.372 12.250 P=0.000 
Highly Significant Standard Deviation 5.041 4.590 

Size {cm2J 
Mean 
Standard Deviation 

BPT {mins.) 
Mean 
Standard Deviation 

IT {mins.J 
Mean 
Standard Deviation 

• Test used. Independent T-Test 
BPT = bypass time; IT= ischemic time 

3.932 
3.640 

57.635 
25.432 

31.378 
20.846 

6.002 
5.840 

60.465 
39.166 

31.233 
19.145 

P=0.019 
Significant 

P=0.642 
Not significant 

0.969 
Not Siqnificant 

Table V. Different factors analyzed as to the cause of arrhythmia postoperatively 
Type of Lesion Without Type of Lesion Total PValue 

ASDAlone 
ASD with Ass'd 

Lesions 
Total 
Sex 

Male 
Female 
Total 

Type of Surgery 
Primary 

Patch 
Total 

• Test Used· Chi-Square Test 

Arrhythmia 
Number/%) 

48 (62) 
26 (67) 

74 

29 (59) 
45 (66) 

74 

34 /63) 
40 /64) 

74 

DISCUSSION 

Arrhythmia are common in the natural 
history as well as in the postoperative course of 
patients with Asd (7). Electrophysiologic 
dishubances may result from the ASD itself or from 
surgery. Preoperative stress in the free wall of the 
right atrium together with an increased right atrial 
pressure and right atrial distention, could create 
abnormal impulse propagation (4). Furthermore, 
arrhythmia could be facilitated by a sick sinus 
syndrome caused by direct damage to the sinus 
node and/ or by discruption of the sinus node artery 
during surgery (7). 

TI1e decrease in first degree AV block 
postoperatively suggested that ASD patients have 
preoperative abnormalities of conduction and 
automaticity. Many studies show that the 
electrophysiologic parameters of the sinus node, the 
atrial myocardium and the AV node are abnormal in 
many children with ASD (2) (6) (7). The ECG 
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30 /38) 
13 /33) 

43 

20 /41) 
23 /34) 

43 

23 (37) 
23 (36) 

43 

78 
39 

117 

49 
68 

117 

54 
63 

117 

0.735 
Not Significant 

0.562 
Not Significant 

0.894 
Not Significant 

findings could well be an expression of the 
phenomenon. It is likely that preoperative stretch of 
the ah·ial wall creates rhythm disturbance, which at 
an early age is reversible postoperatively. 

Of the 28 children with pathologic 
arrhythmias postoperatively, 4 already had 
arrhythmias preoperatively. The other 24 acquired 
their arrhytlunias after surgery. Postoperative 
arrhytl1mias, therefore, seem to be a combination of 
arrhythmias created by surgery and arrhythmias 
already present before surgery. Bink Bolkens et al 
had similar results in tl1eir shtdy done in 1988 (2). 

It is presumed that the age at the time of 
operation and the size of the ASD defect are 
predisposing factors as to the cause of arrhythmia 
after surgery. The study established that the mean 
age of patients who did not develop arrhythmias is 
8.37 years, while patients who had arrhythmia were 
operated on at the mean age of 12.25 years. These 
data give further evidence that electrophysiologic 
functions are dishubed all along the conduction 
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systems in patients with ASD as they grow older, 
most probably because of volume overload of the 
right heart. Bolens et al stated in his study that 

closure of ASD improves AV conduction, decreases 
AV nodal refractory periods and improves SN 
function, probably by suppressing right sided heart 

volume overload. However, SN function may be 
lost, probably as a result of the operative procedure. 

The size of the defect was directly 
proportional to the occurrence of arrhythmia after 
ASD closure. Direct surgical h·auma could be 
responsible for this increase since bigger defect 
would mean greater chance of surgical sh·ess. 

The other parameters like the ischemic time, 
type of lesion and surgical technique were not 

statistically significant in this study. 

CONCLUSION 

This reh·ospective study established that the 

age at operation and the size of ASD are causative 
factors of arrhythmia after surgery. Moreover, 

postoperative arrhythmias seem to be a combination 

of arrhythmias created by surgery and arrhythmias 

already present before surgery. 

Therefore, this study recommends the 
following: 
(1) Careful surgical evaluation and management for

large ASDs more than 4 cm2.

(2) Surgical closure of ASD should not be later than
8 years old.

(3) Long term follow-up of postoperative ASD
patients especially those who did not develop

arrhythmia.

LIMITATION OF THE STUDY 

It would have been ideal to record 

arrhythmias by 24-hour Holter monitoring. Long 

term follow-up of patient should be done since 
occurrence of arrhythmia may develop long after 
ASD surgery. 
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