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INTRODUCTION 

Coarctation of aorta is a discrete stenosis in the proximal descending aorta, presenting as 

a waist or concavity of the outer contour of the aorta usually opposite to the site of 

insertion of the duct. It may be associated with variable degree of hypoplasia of isthmus 

and transverse arch. Coarctation may present with severe congestive heart failure in 

infancy or it may present as an asymptomatic murmur or with systemic hypertension in 

adolescence or adulthood. Natural history of untreated coarctation is dismal with 90% of 

patients dying before 50 years of age due to heart failure, infective endocarditis, aortic 

rupture, intracranial hemorrhage, hypertension or associated valvular heart disease (1). 

Three therapeutic options are available for management of patients with native 

Coarctation of Aorta- Surgery, Balloon Angioplasty and Endovascular Stenting(2). 

Surgery remains the standard form of therapy ever since the first surgical repair reported 

by Crafoord in 1944. Several techniques of surgical repair have been introduced since 

then. These include Resection and end to end anastomosis, Patch aortoplasty, Subclavian 

Flap Aortoplasty, Jump Graft, Resection with interposition graft and Extended resection 

and end to end-anastomosis(3,4). The initial mortality rates in most of the modern series 

in patients above age of 1 year are around 1 %( 4). In infants and neonates, the initial 

mortality rates are higher (1-JO%). The other major immediate complications of surgery 

-~ include hemorrhage, paradoxical hypertension and post coarctectomy syndrome ( 6%) and 

paraplegia(0.41% ). 

Long term results of surgery has been excellent with 2 large recent studies reporting 

survival of 95%, 89%, 82% and 79% at 10, 20, 30 and 40 years after repair (5, 6). The 

major causes of mortality on long-term follow-up in these studies were coronary artery 

disease (37%), Sudden death (13%), Heart Failure (9%), Cerebrovascular accident 

(7% )and Aortic Rupture (7%) ( 5). Restenosis occurred in 3-15% of patients on long-term 

follow-up. Re-operation was required in 3 - 9.5% cases for recurrent coarctation. 

Hypertension occurred in 25-40% of patients on long-term follow-up. Re-operations for 

other indications (aortic valve disease) were required in 5 - 7% of patients. Aneurysms 

are reported in 5 - 33% of long-term survivors with the highest incidence after patch 

aortplasty (3). Age at initial repair was the most important predictor of long-term survival 
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and prevalence of late hypertension in both studies. Younger age at repair(< 1 year) was 

the significant predictor of restenosis and re-operation for recoarctation. 

Balloon Angioplasty was introduced as an alternative _to surgery in the 1980s with the 

first report of Balloon angioplasty for Native Coarctation by Lababidi et al in 1984(7). 

Since then several reports of intermediate and long term follow-up of balloon angioplasty 

has been published (8-15). Immediate procedural success (defined as residual gradients 

less than 20 mmHg) was obtained in 78-91% of patients. Older age and higher pre­

intervention gradients were identified as risk factors for sub optimal initial results (12). 

Restenosis (defined as pressure gradient > 20 mmHg) occurred in 13 - 35%( average 

27%) cases, with rates as high as 83% in neonates, 39% in infants and 8% in older 

children (8). Young age ( < 1 year), isthmal hypoplasia and small diameter of coarctation 

segment ( < 3.5 mm before and< 6 mm after dilatation) were identified as risk factors for 

restenosis. Ray et al had reported higher incidence of late restenosis in patients in whom 

the balloon/isthmus ratio was less than 3 at time of angioplasty (13). Aneurysm formation 

has been reported in 5 - 20%( average 12%) cases after balloon angioplasty. Technical 

factors like larger balloons (13) and prolonged inflation times contribute to development 

of aneurysms. 

Studies have attempted to compare results of Balloon Angioplasty and Surgery. Many of 

these have been hampered by varying definitions of restenosis and aneurysms and by the 

fact that they attempted to compare the 2 modalities of treatment from different time 

periods (20). In the only prospective randomized control trial of balloon angioplasty and 

surgery in children above 3 years of age, Shaddy et al reported similar initial results, but 

higher prevalence of restenosis (25% Versus 5%), and aneurysms (20% Vs 0%) in the 

angioplasty group (21). Johnson et al (22) in a meta-analysis reported much higher 

occurrence of restenosis in angioplasty in patients less than 1 year of age (57% vs. 14%). 

Rao et al have reported similar recoarctation rates (6% Vs 5.5%) and aneurysms (13% Vs 

12%) for balloon angioplasty in patients above age of one year while the initial and late 

mortality was higher in the surgical group (23, 24). In neonates and infants, recoarctation 

rates are higher with balloon angioplasty. Rao et al opine that balloon angioplasty is an 

acceptable alternative to surgery in children above 1 year of age (24). 
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Endovascular stenting is the latest therapeutic armamentarium in the management of 

native coarctation. Stenting overcomes some of the problems associated with Balloon 

Angioplasty like high residual gradients, restenosis and late aneurysm formation. In the 

various published studies on stenting for Coarctation of aorta, the procedural success has 

been> 95% with a reported incidence ofrestenosis and aneurysms on follow-up being 0-

10% and 4% respectively (25 - 29). Stenting for coarctation is however a evolving 

technology and currently it is advocated only in adolescents and adults. Long-term 

follow-up results of endovascular stenting for coarctation are not yet available. 
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AIMS OF STUDY 

1. To compare long-term outcomes in adult life after Balloon angioplasty and 

surgery for Native Coarctation of Aorta. 

2. To analyze the prevalence and predictors of long-term complications after 

intervention for native coarctation of aorta. 

MATERIAL AND METHODS 

Study design: 

This study is a retrospective study. In -hospital records of all patients who had undergone 

either surgery or balloon angioplasty for coarctation of aorta at our center prior to 1997 

was reviewed. From this, data of those patients who had completed 21 years of age at last 

follow-up were selected. These patients were called for follow-up and were evaluated for 

comparison of outcome variables. Those patients who did not respond to the initial 

request were sent a second communication for a follow-up visit along with a 

questionnaire. They were requested to fill in the questionnaire with the help of their local 

doctor in case they were unable to come for a follow-up visit. In case of patients who did 

not respond to both follow-up requests or to the questionnaire, hospital records of follow­

up were analyzed and if there was no follow-up since 2001, the patient was considered to 

be lost to follow-up. 

Inclusion criteria 

1. All patients who had undergone intervention for Coarctation of Aorta (surgery or 

balloon dilation) and have completed at least 21 years of age at last follow-up. 

2. Patients with complex coarctations (coarctation with associated cardiac 

anomalies) were included if the primary intervention was done for coarctation. 
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Exclusion Criteria 

1. Patients with mild coarctation and having undergone intervention primarily for 

co-existing anomaly. 

2. Patients who are less than 18 years of age at the time of last follow-up and 

patients with no follow-up visit after 2001. 

Pre-intervention assessment 

Clinical details like age at intervention, symptom status, Blood pressures in all 4 

extremities and clinical coarctation gradient (difference in BP between Right upper limb 

and Right lower limb), evidence of CHF, details of antihypertensive medications were 

noted from hospital records. Echocardiographic parameters like location of Coarctation, 

gradient, dimensions of coarctation segment and arch presence of associated lesions were 

noted. Morphology of aortic valve was also noted (bicuspid or tricuspid) by trans thoracic 

echocardiogram, if morphology was discernible. From the pre-intervention 

catheterization data, pressures proximal and distal to coarctation and coarctation 

gradients were noted along with the presence of associated lesions. 

Details of interventions 

The indication for intervention was based on the symptoms of the patient. All patients 

with symptoms, hypertension or congestive failure not responding to medications and 

significant gradient across coarctation (> 20 mmHg) were considered for intervention. 

In case of Balloon angioplasty, size of Balloon Used, balloon to isthmus ratio, residual 

gradient immediately after the procedure, proximal and distal pressures after procedure, 

complications during and immediately after the procedure (arterial occlusion, perforation, 

CV A, dissection), duration of hospital stay after the procedure and BP in right arm and 

arm-ankle BP index pre-discharge were noted. 

In case of Surgery, type of surgical procedure employed, whether associated lesions were 

also repaired or not, residual gradient immediately after surgery, complications during or 

immediately after the procedure (Paradoxical hypertension, abdominal cnses, 
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chylothorax, paraplegia, death), duration of hospital stay after surgery and BP in Right 

arm and Arm-ankle BP index at discharge were noted. 

Initial successful result was defined as residual gradient of _:::: 20 mmHg and freedom 

from major complications associated with the procedure (7, 12). 

Follow-up 

All patients who came for follow-up were subjected to a detailed evaluation in similar 

lines of pre-intervention assessment. In case of patients who responded by questionnaire 

data as provided by the patient was included including details of echocardiogram (if 

provided) done at local center. Morphology of aortic valve was re-evaluated at follow-up 

also. Those patients with significant· gradient across the coarctation site on echo along 

with medically refractory hypertension or suspected aneurysm were advised a repeat 

cardiac catheterization (in case of Balloon Angioplasty, a routine post intervention 

catheterization was done in several patients, especially those with initial sub-optimal 

results). Presence of other late complications like Coronary Artery disease, Neurological 

Complications (CVA, intra-cranial bleeds), Infective Endocarditis, Dissection of Aorta 

and late deaths were noted. Progress of associated lesions and interventions undertaken 

for associated lesions were also analyzed and compared between the 2 groups. 

Restenosis was defined a presence of a gradient of > 20 mmHg between BP of right 

upper and lower limbs, > 20 mmHg at catheterization or > 25 mmHg on Doppler (30). 

Aneurysm was defmed as if the diameter of the affected segment was > 150% of 

descending thoracic aorta at level of diaphragm (30). 

Re-intervention for restenosis was advised if the residual gradient was> 40 mmHg on 

catheterization or if there was medically refractory hypertension despite lower gradients 

(7). 

Hypertension was defined as blood pressure more than 140/90 mmHg in adults or > 95th 

percentile for age and sex in children or requirement for antihypertensive medications. 
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Outcome Variables: 

The results of surgery and balloon dilatation were compared at immediate post­

intervention and then on last follow-up. 

The following parameters were compared: 

1. Immediate success and complications 

2. Residual gradients after intervention. 

3. Blood Pressure and arm-leg BP gradients on follow-up. 

4. Gradient across Coarctation segment on Echocardiography and cardiac 

catheterization (if done) on follow-up. 

5. Incidence ofrestenosis and need for re- intervention for restenosis 

6. Incidence of aneurysm formation at the site of intervention. 

7. Hypertension on long-term follow-up. 

8. Late Complications and mortality 

9. Progress of associated lesions and interventions for associated lesions. 

Statistical Analysis: 

Descriptive statistics were performed using the Excel software; results were expressed as 

mean ± standard deviation. Comparison of means between 2 groups was done using the 

Student's 2 tailed T test. Comparison of proportions was done using the Chi Square 

analysis. P values of< 0.05 were considered to be statistically significant. Multivariate 

analysis of predictors of restenosis, re-interventions and hypertension was done using 

SPSS 10 software. 

9 



RESULTS 

A total of 150 patients satisfying the inclusion criteria had undergone surgical correction 

of coarctation at our center in the period 1981-1997(including 15 patients who had 

restenosis after previous balloon angioplasty). Of this, data of 125 patients were available 

for the present analysis. 90 patients had undergone Balloon Angioplasty during the period 

1986-1997. 4 patients in the surgical group died (1 in immediate per-operative period and 

3 on follow-up). 3 patients in the the balloon angioplasty group ( all infants with complex 

associated lesions) died within 1 year of follow-up. Of the remaining patients, data of 121 

patients in the surgical group and 75 in the balloon angioplasty group were analyzed for 

long-term results. The remaining 25 patients in surgical group and 12 patients in Balloon 

Angioplasty group were considered lost to follow-up. 

Total 240 patients 

Surgical Group 150 

25lost to 
follow-up 

.._I 

.. 4 deaths I 
,,. 

121 for final 
analysis 

10 

I Angioplasty Group 90 

3 deaths 

75 for final 
analysis 

12 lost to 
follow-up 



Baseline Characteristics: 

1. Table 1: Clinical Data: 

Surgery (125) Balloon Angioplasty P value 

(75) 

Age at intervention (years) 16.7 ± 8 15.5 ± 10 NS 

Age at follow-up (years) 28.4 ± 11 25.8 ± 12 NS 

Sex M 69.6%; F 30.4% M: 82.6%; F 17.4% NS 

FC dyspnea 
32 (25.6%) 16 (18.3%) NS 

Class 1 91 (72.8%) 58 (77.3%) NS 
Class 2 2 (1.6 %) 1 (1.4 %) NS 
Class 3 0 0 
Class 4 
FC claudication 

27 (18.6%) 23 (30.7%) 0.05 
Class 1 97 (77.6%) 50 (66.7%) NS 
Class 2 1 (0.8 %) 2 (2.6 %) NS 
Class 3 0 0 
Class 4 
H/0 CHF 10 (8 %) 9 (12%) NS 

Blood Pressure (mmHg) 
160 ± 24 152.9 ± 25 NS 

RUL systolic 93.3± 12 87.6 ± 16 0.004 
RUL diastolic 151.9 ± 25 148.4 ± 26 NS 
LUL systolic 91.8 ± 13 87.6 ± 16 NS 
LUL diastolic 96 ± 17 91.5 ± 23 NS 
LL systolic 
Gradient (clinical) mrn.Hg 64.6 ± 21 61.5 ± 25 NS 

Antihypertensive Therapy 
No drugs 6 (4.8%) 21 (24%) <0.001 
1 drug 65 (52%) 45 (60%) NS 
2 drugs 47(37.6%) 8 (10.7%) 0.01 
3 drugs 7 (5.6%) 1 (1.3%) 0.03 
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2. Table 2: Echocardiography Data: 

Surgery (125) Balloon Angioplasty P value 

(75) 

Coarctation gradient 63.56 ± 17 58.4 ± 17 0.03 

(mmHg) 

Location of Coarctation: 

Post-Subclavian 101 (80.8%) 72 (96%) <0.01 

Juxta-Subclavian 17 (13.6%) 3 (4%) 0.03 

Pre-Subclavian 7 (5.6%) 0 

Aortic Valve: 

Bicuspid 99 (79.2%) 63 (84%) NS 

Tricuspid 26 (20.8%) 12 (16%) NS 

3. Table 3: Catheterization Data: 

Surgery (125) Balloon angioplasty P value 

(75) 

Ascending Aorta: 

Systolic pressure (mmHg) 162.5 ± 27 154.5 ± 27 0.03 

Diastolic Pressure (mmHg) 87.5 ± 16 83.6 ± 23 NS 

Descending Aorta: 

Systolic Pressure (mmHg) 101.5 ± 21 98.2 ±26 NS . 
Diastolic Pressure (mmHg) 74.3 ± 16 72.6 ± 22 NS 

Coarctation gradient (mmHg) 61.6 ± 18 56.2 ± 26 0.06 
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As can be seen from the above data, baseline characteristics were more or less similar 

between the 2 groups. Patients in the surgical group had higher baseline diastolic BP 

which was significant. Though the systolic BP was also higher in the surgical group, it 

was not statistically significant. Requirement of anti-hypertensive medications were also 

higher in the surgical group. As expected, more patients in the angioplasty group had 

post-subclavian coarctation compared to surgical group (96% Vs 80.8%). The ascending 

aortic systolic pressure at catheterization was significantly higher in the surgical group 

(162.5 ± 27 Vs 154.5 ± 27 mmHg; p 0.03). Though the coarctation gradient at 

catheterization was higher in the surgical group, the difference was not statistically 

significant. 

Table 4: Associated Lesions: 

Surgery (125) Balloon angioplasty (75) 

Total number of patients 47 (38%) 27 (36%) 

Shunt lesions 
PDA 16 4 
ASD 1 2 
VSD 8 6 
Aortic Valve Disease 
AS mild 13 5 
AS moderate 1 3 
AS severe 5 3 
ARmild 3 2 
ARmoderate 1 2 
ARsevere 0 0 
Sub aortic membrane 4 2 
Mitral Valve disease 
Congenital MS 5 2 
Congenital MR 5 3 
Aneurysm 3 0 

·-
Peripheral PS 3 2 
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IMMEDIATE RESULTS 

Table 5: Comparison of Immediate Results: 

Surgery (125) Balloon P value 

angioplasty (75) 

Immediate Good Results 121(97%) 44( 58.6%) <0.001 

Post- intervention 5.69 +0.7 22.4 + 9 < 0.001 -
Gradient (mmHg) 

Mortality 1(0.8%) 0 NS 

Non-fatal Complications 13(17.3%) 11(14.6%) NS 

Hospital stay (days) 9.27 + 2.26 2.5 + 1.0 <0.001 - -

The comparison of immediate results after intervention ovetwhelmingly favored surgical 

group. The immediate good result after intervention (post-intervention gradient < 20 

mmHg) as well as mean gradient after intervention was much better in the surgical group. 

There was a mortality due to post-operative bleeding in the surgical group. The incidence 

of non-fatal complication was not statistically different between the 2 groups. The mean 

hospital stay was significantly higher in the surgical group. 

Balloon Angioplasty Group: 

Of the 90 patients who undetwent Balloon Angioplasty, 88 had native coarctation and 2 

procedures were done on post surgical jump grafts. There were 10 infants. All patients 

had hypertension before procedure. The mean balloon diameter was 10.78 ± 3.2 mm. 

Initial procedural success was obtained in 58.6% of patients. There was no peri­

procedural mortality. Post procedural complications were seen in 15 patients (14.6%) and 

these included femoral artery thrombosis (8), dissections (4), hypertensive crisis(l), 

transient visual defects( 1) and femoral A V fistula( 1 ). 3 patients( all infants) died during 

follow-up. 12 other patients were lost to foflow-up. The data of the remaining 75 patients 

was available for analysis of long-term outcome. 
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Table 6: Analysis of predictors of immediate procedural success 

Optimal result Sub optimal P value 

result 

Age at intervention (years) 12.06 + 1.1 19.7+1.4 0.002 - -

SBP right upper limb 153.5 + 26 153.9 + 28 NS - -

DBP right upper limb 88.3 + 21 86.6 + 24 NS - -

Gradient (clinical) mmHg 61.6 + 23 62.5 + 24 NS - -

Gradient on Echo mmHg 57.4 + 25 59.8 + 22 NS - -

Gradient on Cath mmHg 50.4 + 21 64.3 + 24 0.003 - -

Balloon size 11.0 + 3 10.5 + 2.9 NS - -

Post procedure gradient mmHg 11.46 + 2.3 37.67 + 9 <0.001 - -

The only predictors of initial sub-optimal result were higher age at intervention and a 

higher gradient across the coarctation segment at catheterization prior to the procedure. 

Balloon size did not affect the initial results. 

Surgical Group: 

Of the total of 125 patients included in this analysis, 111 had native coarctation and 14 

had undergone previous balloon angioplasty (mean 36 ± 9.8 months prior to surgery). 10 

patients (8%) were infants. 

The various surgical procedures performed were as follows: 

1. Resection and end to end anastomosis ( 40). 

2. Jump Graft (32) 

3. Resection and Interposition Graft (30) 

4. Patch aortoplasty (18) 

5. Subclavian Flap Aortoplasty (5) 

20 patients also underwent PDA ligation along with Coarctation repair. 2 patients had 

aneurysm excision. There was one mortality (0.8%). This was due to massive post­

operative bleeding in a patient who had undergone Jump Graft. The other non-fatal 

complications included: Non-fatal bleeding (3), Paradoxical Hypertension (6), 

Pneumothorax(3), Wound Infection(1)and Stricture urethra(l). 
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COMPARISON OF LONG TERM OUTCOME 

A: Surgery Versus Balloon Angioplasty (Whole Group): 

1. Table 7: Clinical data 

Surgery (121) Balloon P value 
Angioplasty (75) 

Duration of follow-up (months) 122.04 ± 48 108 ±50 0.05 

Dyspnea 
FC 1 95 (78.5%) 61 ( 81.3%) NS 
FC2 26 (21.5%) 14 (18.7%) NS 
Claudication: 
FC 1 106 (87.6%) 59 (79%) NS 
FC2 15 (12.4%) 16 (21%) NS 
Blood Pressure (mmHg) 
SBPRUL 136.2 ± 19 142.8 ± 27 0.03 
DBPRUL 81.3 ± 13 80.1±16 NS 
SBPRLL 120 ± 21 111.7±21 0.01 

Gradient Clinical (mmHg) 17.2 ± 8 31 ± 7 < 0.001 

Gradient ( nl%) 
<20mmHg 91(75%) 32 (42.6%) <0.001 
20-40mmHg 19 (15.9%) 30 (40%) 0.05 
>40mmHg 11(9.1%) 13 (17.4%) 0.05 

2. Table 8: Echocardiography Data 

Surgery (11 0) Balloon P value 
Angioplasty (65) 

Mean Gradient 26.9 ± 8 37.5 ± 12 < 0.01 
(mmHg) 
Echo Gradients: 
<25mmHg 72 (59.5%) 24 (32%) <0.001 
25-40mmHg 31 (25.6%) 27 (36%) 0.03 
>40mmHg 18 (14.9%) 24 (32%) <0.001 
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3. Table 9: Re- Catheterization Data 

Surgery (26) Balloon P value 

Angioplasty (45) 

Indication 

Routine 4(3.2%) 21 (28 %) 0.001 

Recoarctation 12(9.6%) 15 (20%) NS 

Hypertension 3(2.4%) 4(5%) NS 

Aneurysm 1(0.8%) 3(4%) NS 

Associated Lesion 6 (4.8 %) 2(3%) NS 

Duration after intervention 90.8 + 15 22 +4 0.001 
- -

(months) 

Gradient at 29.9 + 10 22.8 + 8 NS - -

recatheterization (mmHg) 

Aneurysms 1(4%) 5(11%) 0.03 

As can be seen from these results, the overall outcome on long-term follow-up favored 

surgery over balloon angioplasty. The mean follow-up in both groups was similar 

(around 10 years). The surgical group had lower systolic BP in right arm as well as lower 

coarctation gradients on clinical and echocardiographic evaluation (statistically 

significant). Recatheterization was done in 45 patients in Angioplasty group (60%), 

while only 26 patients (21%) in surgical group had a recatheterization. Recatheterization 

was done in the surgical group mostly guided by clinical indication (recoarctation, 

hypertension, progress of . associated lesion). In balloon angioplasty group, the 

commonest indication for recatheterization was for routine hemodyanamic evaluation to 

assess success of balloon dilation in the initial cases. This would probably have resulted 

in the overall higher residual gradients in the surgical group. 
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Comparison of Surgery with Initial Optimal Result Angioplasty: 

a. Table 10: Baseline Characteristics 

Surgery (121) Balloon P value 
Angioplasty ( 44) 

Age at intervention 16.7 +4 12.03 + 3 0.02 
(years) 
Age at follow-up 28.4 + 8 22.8 + 7 0.06 

Systolic BP right upper 160 + 24 153.5 + 25 NS -
limb (mmHg) 
Diastolic BP Right upper 93.3 + 18 88 + 17 0.03 
limb (mmHg) 
Gradient (clinical) 64.6 + 21 61.6 + 25 NS 

Gradient (echo) 63.56 + 17 57.4 + 17 0.03 

Gradient (Cath) 61.6 + 18 50.5 + 24 0.007 

Post-procedure gradient 5.69 + 0.7 19.7 + 8 <0.001 
(mmHg) 

b. Table 11: Follow-up Data: 

Surgery (121) Balloon angioplasty P value 
(44) 

Follow-up duration 122 +48 123.8 +51 NS 
(months) 
Systolic BP Right upper 135.8 + 19 138.3 + 27 NS 
limb (mmHg) 
Diastolic BP right upper 81.1+13 78.2 + 16 NS 
limb(mmHg) 
Gradient Clinical 17.2 + 7 25 + 12 0.001 

Gradient (echo) 26.9 + 13 32.7 + 12 0.02 

Hypertension 68(56%) 18(44%) NS 

Re-stenosis 
Clinical ·30(25%) 20(45%) <0.001 
Echo 49(40.5%) 26(59%) 0.01 
Re-intervention for 5(4%) 3(6.8%) NS 
restenosis 
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The age at intervention was lower in the angioplasty group (12 Vs 16.7 years). The 

Coarctation gradients by clinical, Echo and catheterization were higher in the surgical 

group. The immediate post-intervention gradient was lower in the surgical group (5.7 Vs 

19.7 mmHg). Systolic blood pressures on follow-up were similar in both groups. The 

residual coarctation gradients (clinical and Echo )as well restenosis were lower in the 

surgical group. There-intervention rates were lower in surgical group, though the result 

was not statistically significant. 

Table 12: Comparison of Long-term outcomes of Initial Optimal Result Versus Sub 

optimal Result Balloon Angioplasty: 

Optimal result Sub optimal P value 
Result 

Age at follow -up 22.8 + 10 29.1+12 0.01 - -
(years) 
Follow-up duration 138.3 +48 149 +50 0.001 - -
(months) 
SBP right upper limb 138.3 + 23 149 + 29 0.04 - -
(mmHg) 
DBP right upper limb (mmHg) 78.1+12 82.3 + 15 NS - -

Coarctation Gradient mmHg 25 +8 39.1 + 11 0.001 - -

Echo Gradient mmHg 32.6 + 10 42.9 + 13 0.008 
- -

Recath done (n/%) 26(59%) 23(74%) <0.001 

Gradient Cath mmHg 20.4 + 9 42.4 + 12 0.001 
- -

Increase in gradient on follow-up 9.3 +2 3.5 + 1.2 0.004 
- -

mrnHg 
Reintervention ( n/%) 3(6.8%) 15(48.3%) <0.001 

Hypertension n/% 18(41%) 22(71%) <0.001 

Number of anti-hypertensive drugs 0.6 + 0.15 0.96 + 0.2 0.05 
- -

Patients who had an initial sub-optimal result had higher systolic BP, higher coarctation 

gradients and greater need for re-interventions and anti-hypertensive medications. But, 

the increase in gradient from the immediate post-intervention value at recatheterization 

was greater in patients with initial optimal result. 
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LONG TERM COMPLICATIONS 

Table 13: Complications On Follow-Up 

Surgery (124) 

Late Deaths 3 (2.4%) 

Restenosis 
Clinical 30(25%) 
Echo 49(40.5%) 
Re-intervention for 3.2% 
restenosis 
Re-intervention for 7.3% 
associated lesions 
Aneurysms 4% 

Hypertension 56.2% 

CAD symptoms 4 (3.2%) 

Neurological events 3 (2.4%) 

1. Late Mortality: 

Balloon P value 
angioplasty (75) 
3(4%) NS 

43(57.4%) <0.001 
51(68%) 0.05 
22.7% <0.001 

8% NS 

11% NS 

58.6% NS 

0 NS 

4 (5.3%) NS 

Late mortality was similar in both the groups. There were 3 deaths in both groups on 

follow-up. In the balloon angioplasty group, all 3 deaths occurred in infants with complex 

associated lesions within 1 year of intervention. In the surgical group, I patient died of 

fungal endarteritis and sepsis, another patient died during redo surgery for SAM excision 

and the third patient had sudden cardiac death at home. 

2. Restenosis andRe-interventions for Re- Coarctation: 

Restenosis was higher in balloon angioplasty group compared to surgery (57.4% Vs 25%, 

p <0.001). When a separate analysis comparing restenosis rate between initial good result 

angioplasty (defined as residual gradient < 20 mmHg) and surgery was done, the results 

still favored the surgical group. 
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Table 14: Re-Interventions For Coarctation 

Surgery (121) Balloon P value 
Angioplasty (75) 

No: of re-interventions 4 (3.2%) 17 (22.7%) <0.001 

Type of re-intervention: 
Surgery 1 (0.8%) 11 (14.7%) 
PTBA 3 (2.4%) 6(8%) 
Interval from primary 128 + 90 29.1 ± 8.8 <0.001 -
procedure (months) 

Re-interventions of restenosis were also higher in balloon angioplasty group (22. 7% V s 

3.2%; p <0.001). 3 of the 4 re-interventions in surgical groups were balloon angioplasties. 

In the balloon angioplasty group, 11 patients underwent surgery for re-stenosis while 6 

were treated by repeat balloon angioplasty. 

Predictors of restenosis and re-intervention: 

Balloon Angioplasty Group: 

Restenosis occurred in 43 out of 75 patients (57.4%) in the angioplasty group. 

Predictors o(festenosis: 

On Univariate Analysis, predictors of restenosis included Balloon size ( 10.2 ± 1.6 in 

patients with restenosis Vs 11.6 ± 1.4 mm versus those without, p 0.04) and post 

intervention gradient( 26.7 ± 5 Vs 16.3 ± 3 mmHg; p 0.006). Factors like age at 

intervention, sex, pre-intervention blood pressures, morphology of aortic valve (bicuspid 

or tricuspid) and pre-intervention gradients (clinical, Echo or catheterization) did not 

predict restenosis. Patients with restenosis had higher systolic and diastolic BP on follow­

up and required re-intervention more often than those without restenosis (32.5% V s 

12.5%; p <0.001). On multivariate analysis also, the same factors (balloon size and post­

intervention gradient) remained as the only predictors of restenosis on follow-up. 

Predictors of Re-intervention: 

Re-intervention for restenosis was done in 17 patients (22.7%). 11 patients underwent 

surgery and 6 underwent repeat balloon angioplasty. 
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On univariate analysis, balloon size (9.7 .± 1.3 Vs 11.3 .± 2 rnm ; p 0,02), post­

intervention gradients( 34 .± 6 Vs 16 .± 3 mmHg; p < 0.0001) and gradients on follow-up 

( 40.9 .± 11 Vs 25.6 .± 9 mmHg; p 0.001) were significant predictors of need for re­

intervention. Factors like age at intervention, sex, pre-intervention blood pressure, 

morphology of aortic valve and pre-intervention gradients (clinical, echo and 

Catheterization) were not associated with increased need for re-intervention. On 

multivariate analysis also, the same factors remained as significant predictors of re­

intervention. 

Surgical Group: 

The only predictor of restenosis in the surgical group was higher residual gradient after 

surgery (8.9 + 2.1 Vs 4.5 .± 1.2; p 0.008). 

3. Re-Interventions For Other Indications (Table 15 ) 

Surgery (121) Balloon p 

angioplasty 

(75) 

Aneurysm 1 (0.8%) 0 NS 

Associated Cardiac anomalies: 

Done already 8 (6.5%) 6 (8%) NS 

Advised, but not done 3 (2.4%) 4 (5.3%) NS 

Non-cardiac reasons 0 2 (2.7%) NS 

Details of Interventions for associated lesions were as follows: 

Surgical Group: AVR 5 patients (all for severe AS), AVR + SAM excision 1 patient, 

SAM excision 1 and ASD closure 1. 3 patients were advised A VR which has not yet been 

done. 

Angioplasty group: AVR 3 patients, AVR +SAM excision 1, ASD closure 1 and VSD 

closure 1. 2 patients underwent neurosurgical procedures (aneurysm clipping). 4 other 

patients were advised surgery (DVR 1, Bentall procedure + MVR 1, A VR + Coarctation 

repair 1 and ASD closure 1 ). 

22 



--. 

Freedom from Re-intervention 

The overall freedom from re-intervention at 10 years is presented in Figure 1. 
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Surgical group had lower incidence of re-interventions at 10 years primarily because of 

lower incidence of re-interventions for re-coarctations. Comparison of surgery and initial 

optimal result angioplasty showed no statistically significant difference in incidence of 

re-interventions at 10 years. 

4. HYPERTENSION ON FOLLOW-UP 

Hypertension was observed in 56.2% of surgical patients and 58.6% of balloon 

angioplasty patients on long-term follow-up (no statistically significant difference). The 

mean systolic BP was higher in the angioplasty group (142.8 ± 26 Vs 135.8 ± 19 mmHg; 

p 0.03). Diastolic BP or the requirement of number of anti-hypertensive drugs was not 

significantly different between the 2 groups. In all groups there was a significant 

reduction in number of anti-hypertensive medications on follow-up compared to before 

intervention. 
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Analysis ofpredictors of hypertension on follow-up are summarized below. 

A: Whole group: 

Table 16: Univariate Predictors of hypertension 

No Hypertension p 

hypertension 

Age at intervention (years) 13.3 + 6 18.5 + 10 0.001 
- -

Age at follow-up (years) 24.5 + 12 29.8 + 14 0.001 - -

SBP pre-intervention (mmHg) 150.6 + 26 163.6 + 18 0.001 - -

DBP pre-intervention (mmHg) 90 + 14 91.8 + 13 NS - -

Gradient clinical pre (mmHg) 61.4 + 23 64.9 + 18 NS -

Gradient echo Pre (mmHg) 58.9 + 15 64.2 + 16 0.005 -

Gradient cath pre (mmHg) 55.7 + 22 62.3 + 18 0.02 
- -

Post intervention gradient mmHg 10.8 + 5 13 +6 NS -

Follow-up duration (months) 108.2 + 46 124.5 +51 0.02 - -

SBP follow-up (mmHg) 124 + 17 151.9+17 <0.001 - -

DBP follow-up (mmHg) 75.3 + 11 85.8 + 15 <0.001 - -

Follow-up Gradient clinical mmHg 17.4 + 8 27.3 + 12 <0.001 
-

Follow-up Gradient Echo mmHg 25.4 + 12 36.2 + 17 <0.001 
- -

On multivariate analysis, only age at intervention, pre-procedure Echo gradient and 

residual gradient on follow-up (both clinical and Echo) remained as significant predictors 

of hypertension. Age at intervention of:::._ 10 years was significantly associated with lower 

systolic (129.5 ± 20 Vs 143.5 ± 35 mmHg; p <0.0001) and diastolic blood pressures (76 

± 19 Vs 83.4 ± 22 mmHg; p 0.0002) compared with age > 10 years. The overall 

prevalence of hypertension was 37% in patients intervened:=:: 10 years compared to 57% 

in those whose age at intervention was> 10 years (p < 0.0001). 
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Figure 2: Effect of Age at intervention on Blood Pressures and Hypertension on 

follow-up. 
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On univariate analysis, post-intervention gradient (6.6 ± 2 Vs 3.8 ±1.9 mmHg, p 0.05), 

duration of follow-up (148.6 ±51 Vs 110.5 ± 74 months, p 0.03) and residual gradients 

on follow-up (clinical22.2 ± 17 Vs 11 ± 6 mmHg, p<O.OOl; Echo 32.8 ± 19 Vs 19.7 ± 12 

mmHg, p<O.OOl) were significant predictors of hypertension. On multivariate analysis, 

only follow-up residual gradient remained as significant predictors. 

C : Balloon angioplasty group: 

On univariate analysis, pre-intervention Echo gradients (61.2 ± 18 Vs 54.5 ± 18 mmHg, p 

0.03), post-dilatation gradient (26.8 ± 15 Vs 16 ± 8 mmHg, p 0.003) and residual gradient 

on follow-up( clinical38.4 ± 12 Vs 18 ± 10 mmHg, p < 0.001; Echo 43.2 ± 18 Vs 29.8 ± 

10 mmHg, p <0.001) were significantly associated with hypertension. On multivariate 

analysis, the only predictor of hypertension was residual gradient on follow-up (clinical 

and echo). 
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6.Aneurysms 

The incidence of aneurysm was lower in surgical group, though not statistically 

significant. (4 % Vs 11%). One reason could be under detection of aneurysms in the 

surgical group since only 21% of surgical patients had undergone re-catheterization 

compared to 60% of angioplasty patients. No predictors of late aneurysms could be 

identified in this study. 

7.Coronary artery Disease 

Anginal symptoms were noted in 4 patients (3.5%) in the surgical group. 3 patients had a 

positive ischemic response during TMT. Of these, 2 had angiographically documented 

CAD (one proximal LAD lesion and another 3 vessel disease). These patients were 

advised CABG. The 3rd patient with positive TMT has been advised CAG. No patient in . 

the balloon angioplasty had anginal symptoms or positive TMT. 

7. Neurological Complications 

Neurological complications occurred in 3 patients in surgical group (1 intra-cranial bleed, 

one CV A and one case of cerebral palsy) and 6 patients in the angioplasty group( 3 SAH, 

1 seizure and 1 case of CV A). 
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DISCUSSION 

Surgery and Balloon Angioplasty are the 2 major forms of interventional treatment for 

Native Coarctation of Aorta. Several studies reported in the past have attempted to 

compare the outcomes of these 2 forms of treatment for coarctation 

(20 -24). Limitations of these comparisons included relatively short duration of follow­

up (21) and comparison of surgical series in the 1960s and 1970s with angioplasty series 

of the 1980s (22,23). The results of these comparisons are conflicting with Shaddy et al 

(21) and Johnson et al ( 22) emphasizing superiority of surgery, while Rao et al ( 23, 24) 

reporting equivalent results in patients above 1 year of age. In this study, we have 

attempted to compare long term results with a 10 year follow-up of the 2 modalities of 

treatment done at the same center during similar time periods (Surgery 1981-1997; 

Angioplasty 1986- 1997). 

Baseline Characteristics and Associated Lesions: 

The baseline characteristics were evenly matched the 2 groups. The patients in the 

surgical group had Blood Pressures and Coarctation gradients slightly higher than those 

in angioplasty group. Associ.ated anomalies (excluding bicuspid aortic valve) were seen 

in about 38% in surgical group and 36% in angioplasty group, commonest being PDA. 

The prevalence of bicuspid aortic valve was very high in this study (around 80% in the 

whole group). The prevalence of bicuspid aortic valve in association with coarctation is 

25 - 60% in most of the published studies (31, 32). The only other study which has 

reported a similar high association of Bicuspid Aortic Valve with coarctation was the one 

by Edwards et al (33), who reported a prevalence of 85%. 

Immediate Results: 

Immediate results (as defined by post-procedure gradient::: 20 rnmHg) were considerably 

superior with surgery compared to balloon angioplasty. Initial optimal results were 

obtained in 97% of surgery patients compared to 58.6% of angioplasty patients. The 

initial successful result with angioplasty is much lower in this study compared to most of 
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the published studies, which have reported initial procedural success in 78 - 91 %( 7, 8, 

12). Shaddy et al had reported similar initial results in their randomized control trial (21 ). 

There was only one immediate mortality in the whole group (in surgi~al group). There 

was no significant difference in the incidence of nonfatal complications (17.3% in 

surgery vs. 14.6% in angioplasty). In the angioplasty group, the significant predictors of 

initial successful result included younger age at intervention and lower pre-intervention 

gradients. Balloon size did not affect the immediate outcome. These results are similar to 

those reported previously (McCrindle et al1996- VACA Registry)(12). 

Long Term Outcomes: 

Long-term follow-up in this study was primarily by assessment of clinical parameters. 

Majority of patients underwent Echocardiography for assessment of residual gradients 

and evaluation of associated lesions. Cardiac catheterization was performed only in 20% 

of surgical patients on follow-up while 60% of patients in angioplasty group had follow­

up catheterizations. This was because repeat catheterization in surgical patients was 

primarily due to clinical indications while in majority of angioplasty patients it was done 

for routine hemodynamic evaluation, especially in the early cases of balloon dilation. The 

overall long-term results favored surgery in comparison to balloon angioplasty as has 

been shown Shaddy et al (21) and Johnson et al (22). Our fmdings contradict the results 

ofRao et al (23,24) who reported equivalent results in patients above age of one year. 

Residual Gradients, Restenosis andRe-interventions: 

Residual gradients in this study was assessed primarily by clinical (arm-leg BP 

difference) and by Echocardiography. Cardiac Catheterization was performed only in a 

minority of surgical patients. Residual gradients were significantly higher by clinical and 

Echocardiography in angioplasty patients compared to surgery. Comparison of residual 

gradients between initial optimal angioplasty and surgery still favored surgery. In 

contrast, there was no significant difference between residual gradients on cardiac 

catheterization between the 2 groups. This is probably because of the fact that repeat 
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cardiac catheterization in surgical patients was primarily done when indicated clinically 

(restenosis, hypertension). 

Restenosis in this study was defmed as clinical gradients > 20 mmHg (7) and Echo 

gradients > 25 mmHg (30). Rao etal (34) and Marx et al (35) in previous studies have 

pointed out fallacies associated with Echocardiographic assessment of restenosis. The 

prevalence of restenosis was higher in angioplasty group (57.4% vs. 25%; p <0.001). 

Restenosis was also higher in the optimal result angioplasty compared with the surgical 

group (45% vs. 25%; p <0.001). 

Re-interventions for restenosis were also much higher in angioplasty group 

(22.7% vs.3.2%; p<0.001). Comparison between initial optimal balloon angioplasty and 

surgery showed no significant difference in re-intervention rates between the 2 groups. 

Comparison of long-term outcomes after initial optimal and sub-optimal angioplasty 

groups overwhelmingly favored the optimal result group with respect to residual 

gradients, restenosis and re-interventions. 

These results agree with those reported by Shaddy et al (21) and Johnson et al (22) in that 

surgery in superior to angioplasty for native coarctation of aorta. Compared to other 

studies, restenosis rates are higher for both surgery (3-6) as well as balloon angioplasty 

(7-19). Re-intervention rates are similar to both forms of treatment as compared to 

previous studies, perhaps because of higher thresholds followed for re-interventions 

(residual gradients > 40 mmHg or severe medically refractory hypertension with lower 

gradients). 

Analysis of predictors of restenosis and re-interventions m the angioplasty group 

identified balloon size and immediate post-angioplasty gradi~nts as the significant 

factors. These results are similar to those previously reported (7, 8, 13). We did not 

analyze the ·effect of arch hypoplasia and isthmus size on restenosis in angioplasty group. 

There was no influence of morphology of aortic valve on restenosis. In the surgical 

group, the only predictor of restenosis was higher post-operative residual gradient. 
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Shaddy et al (21) had reported residual gradient of ::: 12 mmHg as a predictor of 

restenosis on follow-up. The overall superior results in the surgical group in the present 

study was primarily because of much lower immediate post-intervention residual 

gradients in the surgical group compared to angioplasty (5.69 mmHg vs 22.4 mmHg). 

There was no association between age at repair and restenosis in both groups. These 

results contradict previous reports which report higher restenosis rates in younger patients 

(5, 6, 7, 8). This may be because of the fact that there were very few infants in the present 

study. 

Aneurysms: 

Most of the published studies ( 7-19, 21) have reported higher frequency of aneurysms 

after balloon angioplasty compared to surgery. The only form of surgery which has a 

high prevalence of aneurysms on follow-up is Patch Aortoplasty ( up to 33% in some 

series). In this study also, the prevalence of aneurysms were higher in angioplasty group, 

though not statistically significant (11% vs. 4%). However, there is a distinct possibility 

that aneurysms were under-detected in the surgical group because of fewer 

recatheterizations. MRI or CT was not employed in this study. Therrien et al (30) had 

reported that the most sensitive and specific modality to detect aneurysms was MRI. In 

their study, the sensiti:Yity and specificity of clinical evaluation combined with 

Echocardiography (the method followed in our study) for detection of aneurysms was 

83% and 34% respectively. 

Hypertension: 

Hypertension is a very common complication in survivors of Coarctation repair, with 

reported incidence of20 -70% (average 35%) in various studies (5, 6, 16, 36 -40). In the 

present study, Hypertension was observed in 56% of surgical and 58.6% of angioplasty 

· ··· patients on long term follow-up (no statisticalfy significant difference between the 2 

groups). The systolic blood pressures were significantly higher in the angioplasty group. 

The prevalence of hypertension on follow-up is much higher in our study compared to 

previous studies reporting long-term follow-up ( 4, 5,6). Analysis of predictors of 

hypertension showed that age at repair was the most important predictor of long-term 

30 



hypertension. Prevalence of hypertension as well as systolic and diastolic Blood 

Pressures were significantly lower in patients intervened before 10 years of age compared 

to those intervened later. This is similar to the findings of Cohen et al ( 5) who reported 

lowest prevalence of hypertension in patients operated before 9 years of age. The possible 

reason for the high prevalence of hypertension in our series may be because of the 

relatively higher age at initial intervention compared to other reported studies. 

The only other factor which predicted hypertension on follow-up was the residual 

coarctation gradient. This contradicts the findings of Toro-Salazar et al who reported no 

association between residual gradients and long-term hypertension (6). 

The findings of our study indicates that intervening at a younger age ( < 10 years) and 

ensuring a optimal relief of coarctation at initial intervention are the required strategies to 

reduce the incidence of long-term hypertension. 

Interventions for Associated Lesions: 

Interventions for associated lesions were required in 10% of surgical patients and 16% in 

angioplasty group. The commonest. indication for intervention was progression of aortic 

valve disease necessitating Aortic Valve replacement (75% of all interventions for 

associated lesions in surgical group and 60% in angioplasty group). Most of these (> 

90%) occurred in the setting of bicuspid aortic valve. Roos-Hesslink et al (32) had 

recently reported that 22% of patients surviving coarctation repair require A VR for 

progression of aortic valve disease. Aortic Valve Replacement was required in 7% of late 

survivors of Coarctation repair in the series reported by Cohen et al (5) and 5.9% in the 

study by Toro-Salazar et al (6) respectively. 

Late mortality and other complications: 

Late mortality was similar in both groups and was relatively low (2.4% in surgery vs. 4% 

in angioplasty). The causes of death in surgical group included death during re­

intervention, infective endarteritis and sudden death. All deaths in angioplasty group 

occurred in infants with complex coarctation primarily due to the other associated 

conditions. There were no deaths directly attributed to Coronary artery Death (cause of 

one sudden death was unknown). In both the large surgical series from Mayo Clinic (5) 
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and Michigan University (6), the commonest cause of late death was Coronary artery 

disease. In our series, documented CAD (positive stress test or coronary angiogram) was 

found only in 3.5% of surgical patients and none in the angioplasty patients. This low 

incidence of coronary artery disease on follow-up is perhaps due to the relatively young 

age of patient on follow-up (mean age at follow-up < 30 years in both groups). The 

average age for development of CAD was 38 years in the Mayo Series(5) and 34.4 years 

in Michigan series(6). 

LIMITATIONS OF THE STUDY 

1. This being a retrospective analysis has inherent limitations in analysis of pre­

intervention data and clinical assessment. 

2. Analysis of arch dimensions with respect to results of balloon angioplasty was not 

attempted in this study (though patients with unfavorable arch anatomy were not 

considered of angioplasty). 

3. Follow-up of most of the patients were based on clinical assessment and 

Echocardiography. Cardiac catheterization was sparingly employed in the surgery 

group on follow-up. 

4. Aneurysms on follow-up may have been under-detected in surgical group since 

catheterization was performed only in 20% of these patients on follow-up. Also, 

MRl I CT scans were not employed in this study. Also, the fate of these 

aneurysms has not been addressed to in this study. 

5. Around 16% of patients in both groups were lost to follow-up. This may have 

interfered with analysis of long-term survival andre-intervention rates. 
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CONCLUSIONS 

1. Long-term follow-up results are superior with Surgery compared to Balloon 

Angioplasty for native Coarctation of Aorta. The prevalence of restenosis and re­

interventions are lower with surgery compared to angioplasty. 

2. One major factor which determines the long-term outcome is the completeness of 

relief of coarctation at the time of initial intervention. Patients with significant 

residual gradients after intervention have higher prevalence of restenosis and 

hypertension on long-term follow-up compared to those with initial optimal 

results. 

3. Hypertension is very common in long term survivors of coarctation repair. The 

most important predictor of hypertension on follow-up was age at intervention. 

Intervention before the age of 10 years is recommended to reduce the prevalence 

of long-term hypertension. 

4. About 20% of survivors require interventions for progression of associated 

lesions, especially aortic valve disease. 

5. The present study underlines the hypothesis that "survivors of coarctation repair 

are only fixed, not cured" and emphasizes the importance of continuous 

monitoring of these patients into adult life to detect long-term complications. 
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INTERMEDIATE TERM (2 YEAR) 

FOLLOW-UP OF TRANSCATHETER CLOSURE OF 

SECUNDUM TYPE OF ATRIAL SEPTAL DEFECTS 

WITH AMPLATZER SEPTAL OCCLUDER 

WITHOUT THE AID OF PERI-PROCEDURAL 

TRANS-ESOPHAGEAL ECHOCARDIOGARPHY 
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INTRODUCTION 

Trans-catheter closure has emerged as an effective alternative to surgery in patients with 

secundum type of Atrial Septal defects (ASD). King and Mills first successfully 

performed trans-catheter closure of ASD in 1974. Since then several devices were 

introduced for this purpose like the Rashkind ASD Occluder, Clamshell Device, 

Angelwing Device, ASDOS device, Sideris Buttoned device and the CardioSeal device 

(1). These devices did not find wide spread clinical application in view of problems like 

need for large delivery sheaths, complex implantation procedures, inability m 

repositioning, high degree of residual shunts, arm fractures and embolisation ( 1). 

The Amplatzer Septal Occluder (ASO) has become the most widely used device for 

trans-catheter closure of secundum ASD , overcoming the disadvantages of its 

predecessors (2). The main advantages of the ASO device are the relatively simple 

technique of implantation, ability to be successfully retrieved and repositioned even after 

opening and the very low incidence of residual shunts on follow-up. This is particularly 

the case in patients with large defects with deficient rims. 

A recent study by Podnar et al had shown that 80% of secundum ASDs can be 

successfully closed using the AS0(3). This device can be successfully deployed in all 

patients with defect size of upto 30 mm on trans-thoracic or trans-esophageal Echo {TEE) 

provided there are adequate margins (at least 5 mm) from surrounding structures(3). A 

deficient antero-superior( aortic) rim does not preclude use of the ASO device. 

Worldwide experience with the use of ASO has shown excellent results in both short 

term as well as intermediate term( upto 2 years) follow-up (4 - 18). The overall 

procedural success has been around 95% in the various reported studies . Recent studies 

have shown that with modifications of techniques of deployment , the ASO device can be 

successfully used to close larger defects ofupto 35 mm (19). 

Most of the studies of ASD closure using the ASO have reported that intra-procedural use 

of TEE greatly facilitates the successful implantation of the device and significantly 

lowers failure rates. (20- 27). Peri-procedural TEE is recommended by many authors as 

an essential pre-requisite for trans-catheter closure of ASD, especially large defects 
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( 2).There has been very few reports of ASD device closure using the ASO device 

without the use of intra-procedure TEE. 

Procedural complications have been described in 3-10% of cases( 17, 28). The most 

common of these include device embolisation(3.5%), arrhythmias(2.6%), pericardia! 

effusion, transient ST segment elevation in inferior leads( air embolism), groin 

complications and rupture of sizing balloon (20). There has been no reported mortality 

during the procedure( 17). 

Most of the studies reporting follow-up have shown excellent results on long term 

follow-up( 4-18). Complete occlusion without residual shunts have been reported in 85%, 

92% and 98.7% of patients at 24 hours, 1 month and 3 months after procedure( 5). A 

meta-analysis by Omeish et al on the world wide experience with ASO device ( 3535 

patients; 3580 implants) had shown 97% total occlusion rate at 1 month which became 

nearly I 00% at 6 months (17). Most of the studies have analyzed residual shunts on 

follow-up using transthoracic echocardiography. Cao et al reported use of TEE for 

assessing residual shunt on follow-up and reported complete closure of the defect in 

91.4% of patients at 6 months after implantation (29). 

Studies have shown that after ASO implantation there is significant resolution of right 

heart enlargement( RA, RV volumes.), particularly in the first 3-6 months after the 

procedure( 30). After 6 months, significant regression of RA, RV size does not occur. 

The resolution of right heart enlargement in significantly more in younger patients 

The incidence of long term complications after ASD closure using the ASO device has 

been relatively few in most of the studies. Late device embolisation, thromboembolic 

complications, atrial tachyarrythmias, stroke, nickel toxicity, RA-Aorta Fistula and 

sudden cardiac death( 1 report) are among the various long term complications reported 

in various studies( 4-19, 28). Studies reporting on 24 hour Holter monitoring after ASO 

implantation have shown higher prevalence of Atrial Premature Complexes, 

supraventricular tachycardias and occasional instances of A V conduction blocks( 31, 32). 

Higher incidence of conduction abnormalities are more common in patients with older 

age at device implantation and a larger Qp/Qs ratio before procedure( 31). 
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AIMS OF THE STUDY 

1. To assess the feasibility of trans-catheter closure of secundum ASD using the 

Amplatzer Septal Occluder( ASO) device without the aid of peri-procedural TEE. 

2. To analyze the long term results and prevalence of residual shunts after trans­

catheter closure of secundum ASD using the ASO device. 

MATERIAL AND METHODS 

Patient Population: 

The present study was conducted in a tertiary care referral center in South India between 

Nov 1998 and December 2002. All patients with clinically significant secundum ASDs 

which required correction were considered for device closure with ASO. These patients 

were then evaluated for suitability for trans-catheter closure using ASO by trans-thoracic 

and subsequently trans-esophageal echocardiogram. All patients with a defect size of less 

than 30 mm on TEE and a septal rim of at least 5 mm from the right pulmonary vein, 

coronary sinus, superior and inferior venae cavae and mitral valve were considered 

potentially suitable for device closure (1). Patients with only deficient aortic rim were 

also considered for device closure. Patients with multiple defects, inadequate rims other 

than aortic rim, defects in primum or sinus venosus location and those with significant 

associated cardiac defects which merited surgery were excluded 

Pre-implantation assessment 

All patients were clinically assessed for the magnitude of the shunt. Chest X -ray and 

ECG were performed in all. Trans-thoracic Echocardiogram (TTE) was performed to 

assess the size and position of defect, number of defects, adequacy of rims, septal motion, 

RA, RV size and RV systolic pressure (RVSP) by tricuspid regurgitation jet. Any 

associated cardiac defects were also looked for. Subsequently, a trans-esophageal 

echocardiogram was performed in transverse ·and longitudinal planes to confirm the 

fmdings of TTE and also to check the adequacy of septal rims. The maximum measured 

diameter of the ASD in any given plane was taken as the size of the defect. 
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The device 

The Amplatzer Septal Occluder (ASO; AGA Medical Corporation; Golden Valley, 

Minnesota,USA) was used for transcatheter closure of the ASD in all patients. A 

prototype of the device has been described previously ( 4). 

Technique of implantation: 

The procedure was performed under local anesthesia in adults. Children were done under 

sedation or ketamine without need for intubation. A complete oximetry and 

hemodyanamic study was performed initially. The shunt ratio (Qp/Qs ratio), P A 

pressures and PVR were noted in all patients. Normal pulmonary vein drainage was 

ensured either by entering individual pulmonary veins or by using levophase of 

pulmonary artery angiography. After that balloon sizing of the defect was performed 

using the Meditech sizing balloon catheter by standard methods. The stretched diameter 

of the ASD was defined as the diameter of a balloon that can be withdrawn across the 

ASD with mild resistance and slight deformity. The selected ASO device was either the 

same size as the stretched diameter or upto 2 mm larger. (In the last few patients, we have 

switched over to the use of the Amplatzer/ Numed balloon for sizing of the defect, where 

the waist is measured as the size of the defect). 

Standard techniques as previously described were used for implantation of the device (2, 
.. -.~. 

5). The implantation was carried out under fluoroscopy and TIE guidance under local 

anesthesia. The selected ASO device was attached to the delivery wire by the screw 

mechanism and was withdrawn into the loader by traction on the delivery wire. The 

collapsed ASO device was then advanced through the long sheath that had been 

previously placed in the left atrium. Under fluoroscopic control, the left atrial disc and the 

waist was extruded either by advancing the delivery wire or withdrawing the sheath. The 

sheath and the delivery wire were withdrawn in unison until the extruded left atrial disc 

was apposed to the atrial septum. The A'SO device was then fully deployed by 

withdrawing the sheath over the delivery wire to extrude the right atrial disc. 

The position and stability of the ASO device were confirmed by fluoroscopy and TIE. Its 

position was deemed optimal if the device was stable and did not obstruct the right 
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pulmonary veins, coronary sinus, caval veins or the mitral valve. Any residual shunt was 

documented by TIE .A Right atrial angiogram was done through the sheath to confmn 

the position of the Right Atrial disc. Once the position and stability of the device was 

confirmed, it was released by anticlockwise rotation of the delivery wire. A fmal 

assessment of the position of the device was performed by TTE after its release. 

Post-procedure management: 

The patients were observed in ICU overnight and then transferred to the general ward the 

next day. A repeat trans-thoracic echo was performed prior to discharge. Patients were 

discharged 2 days after the procedure if their clinical status was stable. Aspirin (5 mglkg) 

was continued for 6 months after the procedure while Clopidogrel!ficlopedine was given 

for 8 weeks. 

Follow-Up: 

All patients were followed up at 1, 3, 6 and 12 months after the procedure and then yearly 

afterwards. During the follow-up visits, a trans-thoracic echocardiogram was performed 

to assess any residual shunt, position and stability of the device and obstruction to 

surrounding structures. The septal motion, RA, RV size and RVSP by TRjet were also 

noticed. 

In adult patients who had undergone a 'pre-procedure TEE, -a follow-up TEE was 

performed 6 months after the implantation. In the follow-up TEE, residual shunt, 

obstruction to surrounding structures and profile of the device ( length of RA and LA 

disc and thickness of the discs) were noted. The device was visualized in 0, 45 and 90 

degrees with all measurements taken in 45 degree view. All TEE procedures were done 

under infective endocarditis prophylaxis. 

A Holter monitoring was performed in all patients who complained of symptoms 

suggestive of arrhythmias (palpitation, giddiness etc). 
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Outcome Measures: 

Safety and efficacy were defined as follows (5): 

Safety: The avoidance of death or major complications (cerebral embolism, cardiac 

perforation, device embolisation, endocarditis) 

Efficacy: The successful closure of the ASD without residual shunt or only trivial shunt. 

Residual shunts were classified as follows (5): 

Trivial: < 1 mm in diameter 

Small: 1-2 mm in diameter 

Moderate: 3-4 mm in diameter 

Large: > 4 mm in diameter 

Statistical analysis: 

Descriptive Statistics was performed using Microsoft Excel Statistical Package. All 

results were expressed as mean+ standard deviation. Comparison ofRV size before and 

after procedure ·was done using student T test( 2 tailed). P values of< 0.05 was 

considered to be significant . 
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RESULTS 

All patients who were diagnosed to have secundum ASDs that merited closure 

(Clinically significant shunt, RA, RV volume overload on Echo) were evaluated for 

feasibility for trans-catheter closure. After evaluation with TIE and TEE using the 

selection criteria mentioned previously, a total of 55 consecutive patients were taken up 

for ASD device closure using the Amplatzer Septal Occluder. 

Baseline Clinical Characteristics: 

The mean age of the patients was 23.3 ± 16.6 years (range 4.5- 72 years). 32 patients 

were females and the rest male. 5 patients were below 5 years of age, 17 were between 5-

15 years and the remaining were above 15 years of age. Most .of the patients were in 

either FC 1 or FC 2. All but one patient was in sinus rhythm. One 72 year old lady with a 

30 mm ASD was in Atrial Fibrillation. Another patient had Sick Sinus Syndrome with 

significant sinus pauses on Holter. 

Baseline Echocardiography: 

All patients had isolated secundum atrial septal defects. There was evidence of RA, RV 

volume overload in all patients. The RV internal dimension was 31.5 .±).14 mm (median 

32; 14-47 mm). The septal motion was paradoxic in all patients. The average size of the 

defect by TIE was 15.5 ± 4.66 mm (median 14.5; range 8-30 mm); 30 patients (all> 15 

years) underwent TEE pre-procedure and average size of defect by TEE 16.7 ± 4.85 mm 

(median 16; range 9-28 mm). The mean RV systolic pressure assessed by TRjet was 

41.8 ±_3.2 mm Hg (median 41; 20-75 mmHg). One patient had PAPVC of Left upper 

PVtoRA. 

Baseline Cardiac Catheterization findings: 

The average size of the defect by balloon sizing 22.5 ± 4.7 mm (median 22; range 10-34 

mm). The mean Qp/QS was 2.15 ± 0.77 (range 1.4- 5.9). The mean PA pressure was 

19.8 ± 5.6 mmHg (range 10- 50) and the mean PVR was 1.2 ± 0.37 Wood units (range 

0.33- 9.71). One patient had isolated PAPVC ofLUPV to RA. One patient had severe 
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P AH which was sub-optimally responding to oxygen. (Possibility of primary pulmonary 

hypertension co-existing with ASD was considered.) 

4 patients were excluded since the balloon stretched diameter of the defect was more than 

32 mm and they were subsequently referred for surgery. Device closure was attempted in 

the remaining 51 patients. 

Device Implantation: 

The average size of the ASO deployed was 23 ± 4.68 mm (range 11 - 32 mm). In 18 

patients, the size of the device deployed was more than 25 mm. The ASO device size 

employed was 1:s ± 1 mm (median 0; range 0- 3 mm) above the balloon stretched 

diameter of the defect. The device could be successfully implanted in 49 patients under 

TIE and fluoroscopy guidance. One patient with a 30 mm defect required TEE guidance 

for device deployment. The average fluoroscopy time was 23.7 ± 12 minutes and the 

mean procedure time was 120.7 ± 18 minutes. In one patient with a 32 mm defect, the 

defect could not be implanted, as adequate position could not be achieved. The procedure 

was then attempted under TEE guidance unsuccessfully. This patient also was 

subsequently referred for surgery. Post procedure the device position was found optimal 

by TTE and fluoroscopy in all 50 patients. 

Peri-procedural complications: 

Peri- procedural complications were observed in 2 patients. One patient had a transient 

ST segment elevation in inferior leads due to suspected air embolism. Another patient 

had a transient PSVT which reverted to sinus rhythm spontaneously. There were no 

deaths or instances of device embolisation. 

Post-procedure Management and Complications: 

The average hospital stay was 4.3 ± 1.5 days (3 - 10 days). 4 patients had minor 

complications during hospital stay. 2 had transient supraventricular tachycardias which 

responded to medications (one had SVT and the other atrial fibrillation). One patient had 

Ticlopedine induced neutropenia, thrombocytopenia and rectus sheath hematoma, which 

led to discontinuation of the drug. The fourth patient had a groin hematoma that resolved 
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later. All patients were discharged on anti-platelet doses of Aspirin for 6 months. 32 

patients were discharged on additional Ticlopedine/ Clopidogrel for a period of 8 weeks. 

The single patient with Atrial Fibrillation was continued on oral anticoagulants. 

Pre-discharge TIE (at 24 hours) revealed no residual shunts in 46 patients (92%). 3 

patients (6 %) had trivial shunts had 1 patient (2 %) had a small shunt. In all patients the 

device position was optimal and there was no obstruction to pulmonary veins, venae 

cavae or the mitral valve. 

FOLLOW~UP 

The average duration of follow-up was 22.7 + 1.54 months( median 24; 6-48 months). 

All patients had a 6 month follow-up. 45 patients( 90%) had a 1 year follow-up. 34, 10 

and 3 patients had completed a 2 year, 3 year and 4 year follow-up at the time of writing 

this report. 

Clinical Events on Follow-up: 

All patients were free of symptoms on follow-up. One patient who was in Atrial 

Fibrillation continued to be AF on follow-up. She was continued on oral anti-coagulants. 

The patient with Sick Sinus Syndrome prior to device implantation was advised a 

permanent pacemaker implantation in view of significant sinus pauses on Holter. She was 

lost to follow-up after 6 months. There were no instances of late deaths, endocarditis, 

cerebrovascular events, device embolisation or any other major cardiac events on follow­

up. 

Residual shunts on follow-up (Table 3) 

Follow-up No residual Triviall+ Mild2+ Small2+ Moderate-

(No: ofPatients) Shunt large 3-4+ 

24 hrs( 50) 43 4 2 1 0 

1 month(50) 47 1 1 1 0 

6 months(50) 48 1 0 1 0 

1 year (45) 44 0 0 1 0 

2 years (34) 33 0 0 1 0 

3 years (10) 10 0 0 0 0 

4 years ( 3) 3 0 0 0 0 
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Septal Motion and RV size: 

Septal motion normalized within 24 hours in 44 patients( 88%). By one month, all but 2 

patients had normal septal motion. Only one patient ( the elderly patient with persistent 

AF with dilated RA) continued to have abnormal septal motion at 6 months. 

The changes in RV internal dimensions are depicted in the figure below: 

Figure 1: RV dimensions on follow-up: 
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The significant change in RV dimension occurred in the 1st month after device 

implantation (31.5 ± 6.8 mm pre-device Vs 24 ± 5.9 mm at one month; p < 0.001). After 

that there was no significant change in RV dimensions. 

RV systolic Pressures: 

The RV systolic pressure assessed by TR jet reduced from 41.8 ± 3.2 mmHg pre­

procedure to 30 ± 3.9 mmHg 6 months after procedure( P =0.03). Only one patient 

continued to have persistent P AH ( probably primary pulmonary hypertension co-existing 

with ASD). This patient continues to have FC 2 symptoms without evidence of 

Congestive heart failure. 
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TEE on follow-up: 

A post-procedure TEE was done in 21 of the 30 patients( 70%) who had TEE before 

device implantation. TEE was done 28.8 + 2.5 months( median 28.5; 7-51 months) after 

the device implantation. None of the 21 patients had any residual shunts on TEE. All 

these patients had no residual shunts on TIE as well. The device position was optimal 

without any obstruction to A V valves, IVC, SVC or pulmonary veins. The one patient 

who continued to have small shunt on TIE declined to undergo a TEE on follow-up. 

Holter Evaluation on follow-up: 

Holter evaluation was done in 10 patients who had symptoms of occasional palpitation or 

giddiness. None had any clinical documented arrhythmias. 6 patients had APCs on Holter 

while 4 had occasional VPCs. There were no instances of persistent supraventricular or 

ventricular arrhythmias on Holter. The one patient who had Sick sinus Syndrome prior to 

device implantation continued to have significant sinus pauses in post procedure Holter. 
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DISCUSSION 

Trans-catheter closure of secundum ASD using the Amplatzer Septal Occluder has 

become a standard practice for closure of these defects in modern pediatric cardiology 

practice. A large number of studies reported in literature have confirmed the efficacy and 

safety of this device in the closure of secundum ASD. The results of our study confirms 

the observations of the previous reports. 

In a series of 55 consecutive patients, procedural success was obtained in 91% cases( 4 

backouts, 1 failure). No major peri-procedural complications were observed. There were 

·no deaths or instances of device embolisation. The:e were 4 patients who had transient 

arrhythmias in the immediate post-deployment period. None required any long term 

medications. 

One of the notable aspects of this study is that the implantation of the ASO device was 

carried out in the majority of patients( 98%) without the aid of peri-procedure TEE. In 

most of the published reports, device implantation has been done under TEE guidance. 

The use of peri-procedure TEE entails the need for general anesthesia and all problems 

associated with it. All the implantations in this study were performed under local 

anesthesia( or ketamine anesthesia in case of children.) 

The prevalence of residual shunts in our study is similar to those reported in the literature, 

despite the fact that implantation of the device was done without TEE guidance. 

Complete occlusion of the defect was obtained in 86%, 94%, 96% and 98% of patients at 

24 hours, 1 , 6 and 12 months after procedure respectively. 70% of the patients who had a 

TEE prior to procedure underwent a TEE evaluation on follow-up. All these patients had 

no residual shunts. Cao et al (29) had reported 1.4%, 5.7% and 1.4% of trivial, small and 

large residual shunts on follow-up TEE done 6 months after the implantation. 

There was significant reduction in RV internal dimension and RV systolic pressures on 

follow-up. The RV size reduced from 31.5 ± 1.1 mm to 24 ± 0.95 mm within 1 month of 

device closure( p<O.OOl). After that there was no significant change in the RV size over 

the next 24 months. The septal motion( indicator of RV volume overload) normalized 

within 24 hours of procedure in 88% patients and 96% within 1 month. These results 

agree with the observations of Kort et al (29). There was a significant reduction in RV 
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systolic pressures within 6 months of the procedure( 41.8 ± 3.2 mmHg Vs 30 ± 3.9 

mmHg ; p0.03). 

There were no maJor long term complications during the follow-up period which 

averaged 22.7 ± 1.5 months. There were no instances of new clinical arrhythmias( 2 

patients with pre-procedural arrhythmias continued to have those on follow-up). Holter 

evaluation done in 10 patients was essentially normal except for an increased frequency 

of atrial premature contractions. 

Limitations of the Study: 

1. Patients with defect size of more than 30 mm on TEE were not considered for 

device closure in this study. We cannot draw conclusions from this study whether 

peri-procedural use of TEE will be superior to TTE in aiding device implantation 

in patients with defect size of more than 30 mm on TEE. 

2. Comparison with surgical closure of ASD as regards to long term results was not 

attempted in this study. 
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CONCLUSIONS: 

1. Trans-catheter closure of secundum ASD can be accomplished using the Amplatzer 

Septal Occluder without peri-procedure TEE guidance in vast majority of patients 

with a defect size of less than 30 mm and with adequate margins . 

2. The long term results of trans-catheter closure of ASD using the ASO device arc 

excellent with very low incidence of residual shunts or other long term complications. 
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