
INTRODUCTION

Risks for transcatheter device closure of secundum atrial septal defects (ASD) 
are low with the majority known to be thromboembolic events, erosion, nickel 
hypersensitivity, migraines, valvular damage, atrial arrhythmias, endocarditis, 
and conduction abnormalities [1-5]. Some degree of atrioventricular block is 
the most common form of conduction abnormality occurring between 1-7% 
[6-8]. Transcatheter closure of the ASD has been in practice for more than 
40 years. As such, in the current era, it has become the preferred method 
for closure with great success. Despite the low complication rates, the search 
continues to fully understand which patients are best suited for device clo-
sure vs surgical closure and/or what procedural changes should be made to 
further lessen the complications rates when a moderate or large ASD with 
deficient rims exists. We describe a case of progressive atrioventricular(AV) 
block in the first 12 hours after Amplatzer Septal Occluder (ASO) closure of a 
secundum ASD.

CASE REPORT

A 4-year-old born at 35-week gestation with a weight of 2.5 kg and a maternal 
history of cocaine and crack abuse was seen for the first time by pediatric car-
diology for a newly heard heart murmur at 2 years of age. He was in the 3 and 
10th percentile for weight and height. His care givers were concerned he tired 
easily with play and had had one episode of unresponsiveness at the kitchen 
table. His electrocardiogram (ECG) revealed normal sinus rhythm and rate for 
age as well as prominent right ventricular forces (Figure 1). His echocardio-
gram (ECHO) revealed a moderate to large secundum ASD with right atrial and 
ventricular dilation. He was followed annually for two years when the decision 
was made to close his ASD. His weight was 13.8 kg (7th percentile). His trans-
thoracic ECHO showed the ASD to measure 15 mm in diameter. Interven-
tion was performed under general anesthesia. His trans-esophageal ECHO 
showed his septal length to be 31 mm with the ASD measuring 18 mm x 20 
mm (Figure 2A). The retro-aortic rim was deficient measuring 5 mm (Figure 2B) 
and the inferior vena cava (IVC) rim was thought to be 11 mm but floppy. Stop 
flow performed with a 30 mm PTS® sizing balloon (B.Braun, Bethelem, PA. ) 
showed a 22 mm waist. During slow balloon inflation sinus bradycardia was 
seen on the monitor. The balloon was advanced slightly into the left atrium 
and re-inflated with the same result. The ASD was closed using a 22 mm ASO. 
The left atrial disk was deployed in the right upper pulmonary vein to catch 
the retro-aortic rim. With the device fully deployed but still attached to the 

delivery cable first degree AV block was seen and confirmed with a rate of 100 
beats per minute (bpm) (Figure 3A). The device released with good alignment 
with the plane of the atrial septum with transesophageal echocardiography 
(TEE) showing possible trivial residual left to right shunting near the IVC rim 
(Figure 2C). The patient recovered well and was placed on telemetry overnight 
with first degree AV block. Approximately, 12 hours later telemetry revealed 
progression to 2nd degree AV block (2:1) with heart rates in the 60-bpm range 
(Figure 3B). This was confirmed with ECG. The patient remained comfortable 
and stable in bed. Within the hour, intermittent short periods of 3rd degree 
(complete) heart block were seen. Therefore, the decision was made to surgi-
cally remove the device and patch closure the ASD. The operation took place 
approximately 18 hours post device placement and the device was seen over-
lapping the coronary sinus and well within the Triangle of Koch where the AV 
node resides (Figure 4). The device was safely removed and patch closure of 
the ASD was uneventful (Figure 5). The patient remained in 3rd degree heart 
block with a rate of 40 bpm the first two days after surgery so was atrial pac-
ing paced using temporary epicardial pacing wires. He returned to 2nd, then 
1st degree heart block. Sinus rhythm returned post-op day 7. He was in sinus 
rhythm at the time of discharge home. He remained in sinus rhythm at his 
1- and 4-week follow-up.

DISCUSSION

Secundum ASD was the first congenital defect attempted to be surgical-
ly corrected in the 1950’s [9]. Therefore, it has a long history of procedural 
improvements and well-defined complications. Presently, the majority of se-
cundum ASDs are closed percutaneous with great success [10]. The devices 
available for percutaneous closure have been refined since the 1970s with the 
ASO having the longest longevity of usage. A few other options are available 
in the United States and still more internationally. The ASO seems to be the 
device of choice for moderate to large secundum ASDs as the other devices 
presently available do not have as great success achieving closure. The ASO 
make up has been well described with self-expanding right and left atrial discs 
with a central waist which fills the ASD and polyester material which aids in 
ASD occlusion and tissue in-growth. It is stated to have a 98.5% closure rate at 
one-year follow-up [2]. Also, the potential adverse events are well known with 
heart block being covered under the more general heading of “arrhythmia” 
with an “arrhythmia” rate listed of only 0.5% during the pivotal study. Differing 
degrees of heart block have been sporadically described after ASO closure but 
mostly in the form of case studies or small number studies [4-7]. Some thought
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Figure 1. Pre-catheterization electrocardiogram.

Figure 2. Transesphageal echocardiogram. (A) Diameter of secundum atrial 
septal defects. (B) Deficient retro-aortic rim measuring 4.4 mm. (C) 22 mm Am-
platzer Septal Occluder deployed with trivial residual shunt near inferior vena 
cava rim.

Figure 3. (A) First degree atrioventricular block seen in catheterization lab with Amplatzer 
Septal Occluder deployment. (B) 3rd degree atrioventricular block seen 12 hours post Am-
platzer Septal Occluder deployment.

Figure 4. Amplatzer Septal Occluder seen overlapping the Coronary Sinus and Triangle 
of Koch (right atrial side).

Figure 5. Patch closure of atrial septal defects.

has been given as to whether the ASO device design makes it susceptible 
to causing AV block but the Gore Septal Occluder (GSO™)has reported as 
well [10]. Some studies have proposed an elevated ratio of ASO/atrial septal 
length and/or deficient aortic or posterior rim may be predictive of higher 
incidence of AV block [7,11]. Also, the decision to treat medically or remove 
the device is not well defined [6,10,12,13].
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Our case was particularly interesting for several reasons. First, we no-
ticed the IVC rim was difficult to measure accurately as it appeared floppy. 
This then could account for a deficient rim and this is where the small re-
sidual shunting was seen post device placement. Second, bradycardia oc-
curred with the balloon inflation stop-flow technique despite repositioning 
of the balloon toward the left atrium. This is not a typical occurrence and 
may have signaled a higher likelihood of post device arrhythmia. Third, de-
spite the device being fairly large for the patient’s size, it had to be released 
from the right upper pulmonary vein in order to capture the small aortic rim. 
Additionally, we notice first degree heart block with deployment of the right 
atrial disc which persisted after device release despite release of the device 
tension. Also, our patient progressed to second degree heart block and then 
third degree in approximately 12 hours despite being clinically stable. Finally, 
sinus rhythm took several days post device removal to return.

As first degree heart block (PR interval prolongation) can be a normal 
finding on routine ECG, we did not believe it to be a contra-indication for ASO 
release in our patient thinking it would spontaneously resolve. The option 
always exists to not release the ASO from the delivery cable and remove if 
concerns exist. Additionally, the ASO has a good success rate for removal 
post release if complications arise. Also, for the first 8 or so hours post device 
placement, first degree heart block remained without progression. When 2:1 
heart block occurs, there are three options. Treat with NSIADS and steroids 
which have worked in some cases thought to combat the AV nodal swelling 
[6,10,12,13]. Return to the catheterization lab, remove the device and either 
use a different device or wait until the patient grows larger and see what new 
devices are then available. The third option is surgical removal with patch 
closure. We chose this option as the appearance of third-degree heart block 
ensued. The in-situ surgical picture showed the device covering the coronary 
sinus and the right atrial disc well into the Triangle of Koch where the AV 
node resides. The ASD patch closure occupied much less space and relieved 
both. Since sinus rhythm returned, likely AV nodal swelling had occurred but 
what will remain a mystery is whether advance heart block would have re-
mained if the device remained in place.

CONCLUSION

As complications of percutaneous ASD closure continue, although rare, de-
fining which patient are most appropriate for this type of closure needs to 
be continually refined. We could suggest that based on our patient’s device/
septal length ratio (0.73), there was a higher risk of AV block [8]. Additionally, 
if an adverse event such as arrhythmia or AV block with stop-flow balloon in-
flation and/or device deployment without release shows the same. Alterna-
tively, we could suggest simply a low threshold for device removal given the 
low incidence of advanced heart block. Perhaps device design will continue 
to progress to where risk of AV block disappears. We would suggest given 
this case and the other sporadic cases published each institution performing 
device closure have pre-established plans about treatment when advance 
AV block occurs. As despite now more than 40 years of device improvements 
for secundum ASD closure, the risk AV block persists.
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