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Long term outcomes of transcatheter device closure of ostium Secundum Atrial 

Septal Defect with moderate and severe pulmonary hypertension 

INTRODUCTION  

Atrial Septal defects (ASDs) account for 8% to 10% of congenital heart defects (CHDs) in 

the pediatric population and up to 30% of CHDs in adults(1). ASDs are grouped into the ostium 

secundum ASD, the ostium primum ASD, the sinus venosus type, and the coronary sinus ASD 

based on their anatomy. OS ASDs are the commonest type comprising 75% of all ASDs, with a 

2:1 female: male ratio.  Infants with OS ASD usually do not have symptoms unless associated 

with other shunt lesions or cardiac defects. Children and adolescents with an isolated OS ASD are 

generally asymptomatic or mildly symptomatic, often ignored by the patient even in the presence 

of large shunts.  Symptoms like exercise intolerance, fatigue, dyspnoea, and palpitations 

progressively increase with age, and so do pulmonary artery pressures. The prevalence of atrial 

arrhythmias also increases with age, especially if age is more than 40 years.(2) Only four percent 

of those over 40 years of age with untreated ASDs did not have any symptoms.(3)   If the OS ASD 

size at birth is >8 mm, spontaneous closure is rare, and also, OS ASDs are unlikely to close after 

2–3 years of age. An ASD surgical repair/device closure should be done in cases with (Qp: Qs > 

1.5) a significant left to right shunt and features of right ventricular dilatation without evidence of 

irreversible pulmonary vascular disease.(4) The efficacy and safety of transcatheter device closure 

of OS-ASDs have been well documented in multiple studies in children and adults.(2,5–7) 

The long-standing significant left to right shunt causes dilatation of right heart chambers 

and can lead to changes in pulmonary vasculature resulting in the development of pulmonary 

hypertension. Nearly 8% to 10% of patients with atrial septal defects would develop pulmonary 

hypertension.(8) At one end of the spectrum, in patients with reversible pulmonary hypertension, 

ASD closure improves symptoms and reduces pulmonary artery pressures at follow-up. In 
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contrast, closure of ASD in patients with irreversible pulmonary hypertension is detrimental due 

to the removal of the pop-off mechanism at an atrial level, causing right ventricular dysfunction 

and heart failure. Patients with hemodynamically significant ASD (L R shunt >1.5:1) without 

ASD closure have worsening symptoms, atrial arrhythmias, reduced exercise capacity, and 

eventually severe degrees of PAH.(9) With the development of severe pulmonary artery 

hypertension, the symptoms worsen and can cause right ventricular dysfunction. The development 

of the irreversible pulmonary vascular disease can lead to worse patient outcomes and contribute 

to high morbidity and mortality.(10,11) 

“As per the 6th World Symposium on Pulmonary hypertension (WSPH) Task Force(12), 

Pulmonary artery hypertension is defined as the mean pulmonary artery (PA) pressure ≥20 mm 

Hg and a pulmonary capillary wedge pressure ≤ 15 mm Hg and the pulmonary vascular resistance 

≥3 Wood units.” 

 “Pulmonary hypertension (PH) is considered to be present if the estimated Pulmonary 

arterial systolic pressures (PASP) on echocardiography is > 40 mm Hg. PH is classified according 

to the baseline PASP by 2D echocardiography as; no PAH (<40 mm Hg), mild PAH group  (40 to 

49 mm Hg), Moderate PAH  group (50 to 59 mm Hg), or Severe PAH group (>60 mm Hg) based 

on classification used by other studies”.(13) 

“As per the ACC/ AHA guidelines(14), ASD with the elevated pulmonary artery systolic 

pressure (PASP) >2/3rd systemic; pulmonary vascular resistance (PVR) >2/3rd systemic; and or 

with a net right to left shunt, is considered as a contraindication for the closure”. Multiple studies 

have shown a notable reduction in pulmonary artery pressures in patients with ASD with a left to 

right shunt and PH after transcatheter ASD closure.(15–17) Transcatheter ASD closure with the 

fenestrated device was done in patients with severe pulmonary hypertension with concomitant 

vasodilator therapy with favorable outcomes and symptomatic improvement in multiple 

studies.(18,19)In a selected group of non-repairable ASD patients with severe pulmonary 
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hypertension, a treat to close approach was described with some benefit in selected patients, 

especially if  PVR drops to  ≤6.5 Wood units post pulmonary vasodilator therapy. (20) 

Sree Chitra Tirunal Institute of Medical Sciences and Technology (SCTIMST) is a tertiary 

care cardiac center in Trivandrum that serves patients from Kerala and Tamil Nadu's border 

districts. A large cohort of patients underwent transcatheter device closure of ostium Secundum 

atrial septal defect at our institute. We aim to report the outcome of percutaneous device closure 

of ostium secundum ASD in patients with moderate and severe pulmonary hypertension.  

The outcome variables on long-term follow-up are the change in pulmonary artery systolic 

pressure with respect to age at the time of device closure, baseline pulmonary artery pressure, 

baseline PVR and size of the defect, use of pulmonary vasodilator drugs. The percentage of 

patients with normalisation of pulmonary artery systolic pressure at long-term follow-up, the 

factors predicting the normalisation of pulmonary artery systolic pressure at long-term follow up 

are analysed. The percentage of patients with presence or persistence pulmonary hypertension 

(PASP > 40 mm Hg) and presence or persistence severe pulmonary hypertension (PASP > 60 mm 

Hg)  at long-term follow-up, the factors predicting them are  assessed. 

Other outcome variables on long-term follow up were NYHA functional class; the 

prevalence of arrhythmias at baseline and incidence of any new-onset arrhythmia especially atrial 

fibrillation; the incidence of Major Adverse Cardiac and Cerebrovascular Events (MACCE) and 

mortality; the incidence of use of pulmonary vasodilators prior to device closure; and percentage 

of patients taking pulmonary vasodilators after device closure; incidence of device migration, 

device erosion, infective endocarditis. 
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REVIEW OF LITERATURE 

Atrial Septal defects (ASDs) account for 8% to 10% of congenital heart defects (CHDs) in 

the pediatric population and up to 30% of CHDs in adults(1). The incidence of ASD is 1.64 per 

one 1000 live births. OS ASDs are the commonest type comprising 75% of all ASDs, with a 2:1 

female: male ratio. Atrial septal defects result in left to right shunt at the inter-atrial level. The 

direction and volume of the shunt are determined by ASD size and the relative left atrial and right 

pressures, the left and right ventricular compliance. In large ASDs, the two atrial pressures are 

equalized, and the shunt depends mainly on the ventricular compliance ratio. The long-standing 

significant left to right shunt causes dilatation of right heart chambers and the development of 

pulmonary hypertension. However, Small ASDs do not result in significant dilatation of RV. 

Natural History of (OS ASD) ostium secundum atrial septal defect:  

Symptoms & Functional status: 

Infants with OS ASD usually do not have symptoms unless associated with other shunt 

lesions or cardiac defects. In a retrospective case series by Andrews R et al.(21), six infants with 

ASD who were symptomatic with very little weight gain had significant left to right shunt and 

elevated Pulmonary artery pressures. They underwent surgical closure of ASDs. Five of these had 

significant other pathologies like a small pulmonary artery, anomalous collateral to the lung, 

pulmonary vein stenosis, Noonan syndrome with lung hypoplasia, and or hypertrophic 

cardiomyopathy tracheobronchomalacia predisposing to recurrent respiratory infections, 

pneumonitis. 

Children and adolescents with an isolated OS ASD are generally asymptomatic or mildly 

symptomatic, often ignored by the patient even in the presence of large shunts.  Symptoms like 

exercise intolerance, fatigue, dyspnoea, and palpitations progressively increase with age, and so 

do pulmonary artery pressures and atrial arrhythmias.(2)  
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In a study done by Richard H et al.(22) review of 481 patients with OS ASD seen during 

1957 to 1976, who underwent surgical correction before the age of forty years, 202 (42%) patients 

were asymptomatic, and the defect was detected on routine examination, more than fifty percent 

had symptoms of dyspnoea and fatigue. 

 In a study by Craig and Selzer, (23) 128 consecutive adult patients (18-68 years) with 

OS ASD were analyzed, 87 patients were females, 41 were males, 14 % of patients in the age 

group 20-40 years, 24% patients in the age group 40-60 years, seventy-five percent of patients 

with age above 60 years had exertional dyspnoea. 

In a study by James Gault  (24), sixty-two patients, age 40 years or more with ASD, were 

analyzed. 94% were symptomatic at the initial presentation. Symptoms of dyspnoea were seen in 

90%, fatigue was found in 48%, palpitations in 43%, edema in 28%, angina in 8% of patients.  

Forty-five percent of patients were in  NYHA function class II, forty-four percent of patients were 

in  NYHA function class III,  eight two percent in NYHA II/III had Pulmonary arterial 

hypertension.  More than fifty percent of symptomatic patients had severe PAH, 13% had a 

balanced or reversed shunt. 

Atrial arrhythmias: 

Arrhythmias are uncommon in children with ASDs.  Atrial arrhythmias occur late in the 

natural course of ASD patients. They can cause increased morbidity and mortality, especially in 

older adult patients, and predispose to the development of heart failure and stroke. “In a 

prospective study done by Berger F et al.(25), the incidence of atrial flutter/fibrillation in adults 

with atrial septal defect before and after surgery was evaluated”. Two hundred eleven adults with 

ASD were divided into three groups:  18 - 40 years group, 40 - 60 years group, and >60 years 

group. The age of the patient cohort without atrial arrhythmias prior or after atrial septal defect 

closure was (39+13 years) significantly less than that of patients with flutter (54+12 years) or 
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fibrillation (59+8 years). Preoperatively, in the age group 18 - 40 years, atrial flutter was seen in 

1 patient (1%). In the age group 40 – 60 years: 15 % of patients were in atrial flutter. 15 % of 

patients were in atrial fibrillation. Whereas in patients >60 years:  61% had atrial fibrillation. 19% 

had atrial flutter. ASD surgical closure did not decrease the incidence of atrial fibrillation but 

reduced the incidence of the atrial flutter. 

In a study by Gatzoulis et al. (26), 213 symptomatic adult patients with a significant left 

to right shunt (82 men and 131 women)  underwent surgical closure. They were assessed for 

incidence of pre and postoperative atrial arrhythmias.  Forty patients (19%) had atrial fibrillation 

or flutter before surgery. Patients with atrial arrhythmias were older compared to patients in sinus 

rhythm (mean [±SD] age, 59±11 vs.  37±13 years, P<0.001), and their mean pulmonary arterial 

(PA) pressures were high (25.0±9.7 vs. 19.7±8.2 mm Hg, P=0.001). Follow-up duration of 3.8±2.5 

years, 60% of patients persistently had atrial arrhythmias. The mean age of patients with persistent 

atrial arrhythmias was more than that of the 40% of patients who converted to sinus rhythm 

(P=0.02). New-onset atrial arrhythmias were higher in patients who were greater than 40 years of 

age at the time of surgery than in those of age 40 years or less (5 of 67 vs. 0 of 106, P=0.008). Six 

patients had a stroke on follow-up. Multivariate analysis showed that age >40 years at the time of 

surgery (P=0.001), the presence of pre-operative atrial arrhythmias (P<0.001), and the presence 

of postoperative junctional rhythm or atrial arrhythmias (P=0.02) were predictive of late 

postoperative atrial arrhythmias. Patients with atrial fibrillation or flutter were older & also had 

higher pulmonary arterial pressures and a worse NYHA functional class.  However, in patients 

aged >40 years, surgery had survival benefits and improved functional capacity. 

In a study by Murphy et al.(27) development of atrial fibrillation, post-surgery depends 

on the patient’s age at the time of surgery and may occur despite surgical closure of ASD in 

patients more than 25 years of age. 
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In a study done by Oliver J et al.(28), comprising 286 adults with ASD with a mean age 

of  39.5 +19 years, atrial fibrillation was seen in 15% of patients. Age at surgical repair was 47.7 

+19 years among those patients with persistent atrial fibrillation versus 22.9+18 among those who 

have had resolution of their atrial arrhythmia following surgery. The sole predictor of atrial 

fibrillation was late age at the time of operation (>25 years).  

Mitral regurgitation:  

Mitral Regurgitation (MR) may complicate the late course of an unrepaired OS ASD. The 

morphology responsible for MR is usually prolapsing mitral valve.  In a study by M Toyono et 

al. (29)  to evaluate the incidence of MR in adults with ASD  before surgery and the outcome of 

moderate to severe MR after surgical repair, 71 consecutive patients with secundum ASD (47±16 

years) who underwent surgery were included, preoperatively 20% patients had moderate to severe 

MR and   35% patients showed mitral valve prolapse (MVP). The ASD patients with moderate to 

severe MR had worse symptoms, higher rate of atrial fibrillation and MVP compared to patients 

with no MR to mild MR. 

Paradoxical embolism 

Elderly ASD patients are also at higher risk of stroke due to paradoxical embolization. In 

a study done by Khositseth A et al. (30), one hundred three patients with presumed Paradoxical 

embolism (TIA =22, stroke n=77, or peripheral emboli =4) 12 patients had OS ASD and 

underwent device closure; the remaining patients had Patent foramen ovale (PFO). 

Life expectancy and survival: 

 Hemodynamically significant unrepaired ASDs were associated with high morbidity and 

mortality with increasing age, as demonstrated by old studies. In a study done by Campbell (31), 

The mortality rates were low in the first two decades, 0.6 % and 0.7 % per year.  In the following 

decades, they increased from 2.7 to 4.5, to 5.4, and 7.5 % per year. 25% of patients have died just 

before their 27th year, half by their 36th year, 75% by 50, and 90 % by 60 years. The average age 



 

8 
 

of death was 37.5 +/- 4.5 years. The median age was 37 years. However, this study seems to 

overstate the poor outcome. 

A study by Murphy et al. (27) was done to look at the long-term outcome of 123 adults 

with surgical repair of ostium secundum or sinus venosus atrial septal defects. The overall 30-year 

survival rate of operated ASD patients was 75% versus 84% in the matched control population. 

When operated on before 25 years of age, the survival rate at 27-year follow-up was (97 % and 

93% in < 11 years and 12-24 years, respectively) similar to that of a matched control population. 

In the patient age groups, 25-41 years and > 41 years survival rates were 84% and 40%, 

respectively. When operated in older age, higher mortality and morbidity were seen.  In this study, 

patients with pulmonary artery systolic pressure (PASP), more than 40 mm Hg, were classified to 

have moderate or severe pulmonary hypertension and were higher in the age group >41 years 

(oldest quartile). Long-term survival was reduced in patients with significant pulmonary 

hypertension prior to surgery. 25-year survival of patients with age more than 24 years and PASP 

>40 mm Hg was significantly lower than the control population. Independent predictors of long-

term survival were age at surgery and PASP (pulmonary arterial systolic pressure) before 

operation.  Twenty-seven late deaths were reported, with 18 from a cardiovascular cause (13 

cardiac and five-stroke deaths).  Patients operated on before 25 years of age had a better prognosis, 

whereas those operated after 25 years of age had a higher risk of atrial fibrillation, stroke, late 

cardiac failure on follow-up. 

  The life expectancy of ASD patients with pulmonary hypertension is less compared to 

those without PH.  In a study done by Dalen et al. (10) (1968), 49 ASD patients, age ranging from 

10-61 years with a median age of 32 years, females were 35, males were 14, underwent cardiac 

catheterization and “were classified to have the pulmonary vascular disease if mean pulmonary 

artery pressures (mPAP) > 25 mm Hg and pulmonary vascular resistance (PVR) more than 
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120dynes/sec/cm-5.”  40% of patients were found to have pulmonary vascular disease and had 

symptoms and had reduced survival rate. 

“Craig and Selzer(23) in 1968 reported the natural history and prognosis of 128 adult OS 

ASD patients. Significant pulmonary artery hypertension (>50 mm Hg) was seen in 22%, of which 

15% had high pulmonary vascular resistance (>5Wood units), with significant arterial hypoxemia 

(<90%) in 14%.” The significant risk factor for ASD patients is a severe pulmonary vascular 

disease occurring in about 14% of patients and was seen after 20- 40 years of age, leading to the 

right to left shunt (the Eisenmenger syndrome), disability, and death. 

Cherian et al. (32)   studied 709 consecutive patients with isolated OS ASD, the 

pulmonary artery systolic pressure (PASP) was > 50 mmHg in 16.6% of patients. Pulmonary 

hypertension was seen in 13% of patients < 10 years of age, 14% of those aged 11 to 20 years.  

PVR > 5.0 units as the criteria of pulmonary hypertension were seen in 12% of those from 0 to10 

years, 10% between 11 and 20 years, 17% from 21 to 30 years, 19% between 31 and 40 years, and 

11% > 40 years of age. The Eisenmenger reaction was seen to be 7% in the 1st decade, 8% in the 

2nd decade, 10% in the 3rd decade, and 11% in the 4th decade and beyond. In this study development 

of pulmonary vascular disease was independent of age which was contrary to other studies. 

In a study by Steele et al. (11), 40 of 702 patients (6%) with ASD (34 women and six men) 

had the pulmonary vascular obstructive disease, with a total pulmonary resistance greater than 7 

U/m2; of these 14 (mean age 44 years) received medical treatment and 26 patients (mean age 47 

years) underwent surgical closure. In the surgically managed group, total pulmonary resistance, 

pulmonary arteriolar resistance, pulmonary to systemic resistance ratio, systemic arterial oxygen 

saturation, and pulmonary arterial oxygen saturation correlated well with survival. 

In a study by Konstantinides et al. (33), 179 patients with isolated atrial septal defects 

diagnosed after the age of 40 were analyzed. The 84 patients (47%) who underwent surgical repair 

were compared to the 95 patients (53%) who did not undergo surgery. The average duration of 
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follow-up was 8.9 + 5.2 years (range, 1 to 26). The surgical correction of the defect resulted in a 

considerable reduction in mortality (relative risk, 0.31; 95 percent confidence interval, 0.11 to 

0.85). The adjusted 10-year survival rate for surgically treated patients was 95%, better compared 

to 84% who did not undergo surgery.  In addition, the surgical treatment prevented worsening of 

NYHA class (relative risk, 0.21; 95 % confidence interval, 0.08 to 0.55). However, ASD repair 

after the age of 40 years did not have any benefit in reducing new-onset atrial arrhythmias or stroke 

events. In comparison to medical treatment, the surgery for an atrial septal defect in patients over 

40 years of age improves long-term survival and functional capacity. Closure of the defect after 

40 years of age does not reduce the risk of atrial arrhythmias. 

Percutaneous device closure in OS ASD patients with pulmonary hypertension:  

Percutaneous ASD device closure is preferred to surgery as the treatment of choice when 

the anatomy is suitable, with less than one percent risk of any complications and more than  95% 

success rate for device closure.(34) 

In a study by De Lezo J et al. (16), 29 adult patients out of 101 patients with OS ASD 

who underwent transcatheter device closure had a peak systolic pulmonary pressure of >40 mm 

Hg prior to device closure. Female patients were 24 (83%), and males were 5 (17%), ranging from 

17 to 75 years of age, the mean age was 56 +14 years, and 25 patients (86%) were >40 years of 

age. Six patients (20.6%) were asymptomatic. 79.4% had dyspnoea, 48% had NYHA III-IV 

symptoms. 41% had chronic atrial fibrillation. The patients with sinus rhythm were younger than 

those with long-standing atrial fibrillation. (51 +16 versus 64+ 6 years, P < 0.01). Patients with 

atrial fibrillation had a higher PASP than those in sinus rhythm (78 +27 vs. 54 + 12 mm Hg, P < 

0.05). The peak systolic pulmonary pressure dropped from 64 + 23 to 54 + 21 mm Hg (P.001) 

when the ASD device was closed, and the systolic pulmonary-to-systolic systemic pressure ratio 

dropped from 0.66 + 0.22 to 0.54 + 0.17 (P.001). All symptomatic patients showed improvement 

in their functional class, especially in those with severe pulmonary hypertension and heart failure. 
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Only 3 % had residual ASD flow on follow-up. The average peak systolic pulmonary pressure 

(PASP) by echocardiography further decreased to 34 + 11 mm Hg (P < .001), compared to that of 

baseline and immediate post device closure.  

In a study done by Balint et al. (13), 54 patients who underwent device closure of  ASD 

with moderate and severe PAH from 1999  to  2004 were included. “Pulmonary hypertension was 

labeled as moderate (50–59 mm Hg) or severe (>60 mm Hg) according to RVSP (right ventricular 

systolic pressure) measured by echocardiography”.  49% of the patients had symptoms of NYHA 

class > II, and 22 % of patients had atrial arrhythmias at the time of device closure, 11%  patients 

had persistent AF, 11%  patients had paroxysmal AF. 96% of patients had dilated right heart 

chambers, and 41% had more than mild right ventricle (RV) dysfunction. Cardiovascular drugs 

were used by 63% of patients. 26%  were using oral anticoagulants. The (mean +SD) baseline 

RVSP was 57+ 11 mm Hg (range 50–95). 63% of cases had moderate PAH, and 37%  had severe  

PAH at baseline.  There was no relationship between average RVSP (right ventricular systolic 

pressure) and female sex (female 58 +9 mm Hg and male 58 +11 mm Hg, p = 0.91). It correlated 

with age at time of device closure (r= 0.73, p = 0.05).  The pulmonary hypertension did not 

correlate with the ASD size (r= 0.66, p = 0.06). The average RVSP did not differ between 

individuals with and without systemic hypertension (53 + 21) versus (51 + 16), p = 0.79.  Extra 

possible contributory factors of PAH (venous thromboembolic disease, and left ventricular 

dysfunction, respiratory diseases like chronic obstructive pulmonary disease, sarcoidosis, 

pulmonary tuberculosis) were noted in 19% of individuals. There was gender difference with 

respect to secondary causes of PAH  (25%  vs  40%,p = 0.29).  

At the early follow-up (mean 2.3+1.2 months), the systolic pulmonary artery pressure 

reduced from 57 +11 mm Hg to 51 +17 mm Hg (p = 0.003), and there was no mortality. At the 

late follow-up (n = 39, mean duration 31 + 15 months), the systolic pulmonary artery pressure 

reduced from 58 +10 mm Hg to 44 +16 mm Hg (p = 0.004), and there were two deaths. In only 
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43.6% of patients, the RVSP reduced to normal (<40 mm Hg), and 15.4% of patients continued to 

have severe PAH. Two deaths occurred during late follow-up: the cause of death in one patient 

was recurrent pulmonary thromboembolism, and the second was non-cardiac  (bowel obstruction).  

There was no incidence of newly detected AF at late follow-up. Compared to patients with 

RVSP<60 mm Hg,  patients with persistently severe PAH (RVSP>60 mm  Hg)  were more likely 

to have persistent symptoms after device closure (15% vs. 67%, p = 0.02).  

Yong et al. (35)  did a cohort study on 215 adults with attempted transcatheter ASD device 

closure from 1999 to 2006. “Patients were classified as having no PAH (40 mm Hg), mild PAH 

(40 to 49 mm Hg), moderate PAH (50 to 59 mm Hg), or severe PAH (60 mm Hg) based on their 

baseline systolic pulmonary artery pressures”. Older age (odds ratio [OR], 1.10 per year; P0.0001), 

large defect (OR, 1.13 per mm; P0.0052), female gender (OR,3.9; P0.0313), and at least moderate 

tricuspid regurgitation were all independent predictors of moderate or severe PAH (OR, 3.6; 

P0.0043).  At 15 months of follow-up (interquartile range 8 to 43), reduction of systolic pulmonary 

artery pressures to <40 mm Hg was least in patients with severe PAH (90.2%; 71.7%; 66.7%; and 

23.5% P<0.0001). Among patients with moderate or severe PAH, independent predictors of 

reduction of systolic pulmonary artery pressures to a normal level were lower baseline PASP (OR, 

0.91 per mm Hg; P 0.0418) and mild tricuspid regurgitation (OR, 0.14; P 0.0420). 

Huang et al. (39) examined the short and intermediate-term outcomes of 15 ASD patients 

with severe pulmonary arterial hypertension (PAH) who had transcatheter closure between 2007 

and 2010. Clinical, echocardiographic, and hemodynamic data were analyzed. “15 patients with 

pulmonary arterial systolic pressure measured by catheterization > 60mmHg and pulmonary 

vascular resistance (PVR) > 6 and <15 Wood Units (WU) underwent vasoreactivity test with 

inhaled iloprost for 15 min and deemed operable underwent a trail occlusion of the defect with 

ASD device for one hour and met criteria of fall in mPAP by 20%, then the device was released.”  

The 6-min walk distance improved by 29.7 ± 26.3 m (P 0.001) at three months (short-term) and 
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65.4 ± 63.6 m (P 0.001) at 23.4 ± 9.7 months (intermediate-term) as compared to baseline. The 

function class improved dramatically following the short-and medium-term closure of the ASD 

device. On follow-up of 12 months, repeat cardiac catheterization (n=7) revealed that mean 

pulmonary artery pressure (mPAP) decreased from 51.6±9.4 mmHg at baseline to 21.0±3.8 mmHg 

(P0.001). The PVR was reduced by 5.6±1.1 WU (P0.001), indicating that transcatheter closure 

can be safely performed in selected OS ASD patients with severe PAH, with a promising short-

and medium-term result. Trial occlusion of the defect is a useful way to determine whether severe 

PAH in ASD patients is reversible or not. 

A study by Lauren et al. (36) was done to look at the impact of pulmonary hypertension 

on survival following device closure of atrial septal defects. The study looked at 228 adults (mean 

age 49.1+16.2 ) who had transcatheter ASD closure. Pulmonary hypertension (PH) was seen in 48 

patients (21.1 percent).  At the time of intervention, 113 of the 228 patients in this cohort were 

younger than the cohort's median age (48 years), while 115 were older. PH was more likely to be 

present in patients above the age of 48 years (31.3 percent versus 10.6 percent, p0.01). Older 

patients had similar sized ASDs (18.3+6.9 vs. 19.1+6.3 mm, p=0.35) but many medical co-

morbidities such as diabetes (10.4 percentage vs. 2.7 percent, p=0.02), hyperlipidemia (49.6 

percent vs12.4%, p0.01), and systemic hypertension (55.7 percent vs. 15.0 percent, p0.01). PH 

had no effect on survival in individuals under the age of 48 years, while it was linked with a five 

times greater risk of mortality in patients above the age of 48 years (p0.01). At 3-month follow-

up, patients with preprocedural PH and RVSP 40 mm Hg remained to have an elevated risk of 

mortality (p0.01), although those with PH resolution had similar survival to those without PH at 

the time of closure.  PH is frequent in individuals with unrepaired ASDs and was found to be 

unrelated to the size of the defect. PH in older persons, as well as its persistence following ASD 

closure, are substantial indicators of a poor clinical outcome. 
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“Treat-to-close approach for non-repairable ASD-PAH in the adult was described in 

a study by Bradley et al.” (20). Adults with unrepaired ASD-PAH who did not fulfill repair 

recommendations at initial presentation (1996–2017) were analyzed retrospectively at nine tertiary 

care centers in North America.  69 patients (women 51 (74 percent), age 40 ±15 years, mean 

pulmonary artery pressure (mPAP) 51± 13 mmHg), pulmonary vascular resistance (PVR) 8.7±4.9 

Wood units, Qp: Qs 1.6±0.4) were included. All patients had PAH targeted therapy, and 19 (28%) 

had late shunt repair (women 15(29%) vs. men 4(22%), p= 0.6).  At the long-term follow-up 

(4.4±2.9 years), the 6-minute walk test distance was considerably higher in the repair group (486 

±89 m vs. 375 ±139 m, p0.05). Echo demonstrated a considerable recovery in right ventricular 

(RV) function (severe RV dysfunction in repaired groups 8(40%) versus unrepaired groups 

35(69%), p 0.05). There were differences in survival between the repaired and unrepaired groups, 

but they were not statistically significant. (Repaired: 17(94%) vs. unrepaired: 32(81%), p=0.18). 

If the post-therapy PVR is ≤ 6.5 Wood units in a properly selected patient with non-correctable 

ASD-PAH, effective shunt repair is feasible. Patients who underwent repair exhibited improved 

RV function after PAH targeted therapy. 

In a study by Dalvi et al. (37), Six patients with large  OS ASD associated with severe 

Pulmonary hypertension underwent successful fenestrated device closure. The basal Qp: Qs ratio 

was 2.8+0.3 while the systolic PAP and the PVR index (PVRI) were 102.6+11.5 mm Hg and 

9.6+1.6 Wu.m2, respectively. Following a vasoreactivity test with 100% oxygen, the Qp: Qs rose 

to 3.5+0.3, the systolic PAP was 103.5+7.6 mm Hg, and indeed the PVRI fell to 5.4+1.1 Wu.m2. 

The systolic PAP after balloon occlusion fell to 86.6+8.8 mm Hg. On follow-up of 45.3+ 13.3 

months, their systolic PAP decreased significantly from 105.6+12.6 mm Hg at baseline to 45+7 

mm Hg following device closure as measured by a 2D echo. All of the patients had right ventricle 

remodeling. In four patients who had a follow-up cardiac catheterization, the systolic PAP and 

PVRI were 55.7+9.2 mm Hg and 3.2+0.4, respectively. 
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In a study by Song J et al., (38)   Follow up of patients after partial closure of atrial septal 

defects with pulmonary hypertension using fenestrated device/ fenestrated patch closure. The 

cardiac catheterization data and clinical parameters of 17 adult patients were analyzed before and 

after closure and at follow-up. At the time of closure, the median age was 29 years. The initial 

Qp/Qs ratio was 1.9±0.6. The median time elapsed between ASD closure and cardiac 

catheterization was 27 months.  The CT (cardiothoracic) ratio also reduced from 0.55±0.07 to 

0.48±0.06 (p<0.05). The pulmonary vascular resistance index (PVRI) fell from 9.2±3.6 Wood 

units*m2 to 6.3±3.8 Wood units*m2. The pulmonary artery means pressure reduced from 

50.0±11.5 mm Hg to 32.5±14.4 mm Hg (p0.05). At follow up 64.7 percent still had high 

pulmonary resistance more than 3.0 Wood units*m2, and prior to the partial closures, these 

individuals exhibited significantly greater pulmonary resistance indices and mean pulmonary 

arterial pressures (p0.05). Predictors of post-closure PH were not detected. On follow-up 

echocardiography, one patient experienced spontaneous closure of fenestration. 

Yan et al.(39) did a study to analyze the combined use of pulmonary vasodilator 

therapy and fenestrated atrial septal occluder (F-ASO) in 56 patients with OS ASD with severe 

PAH (7 men, 49 women; median age 50.5 years; mean ASD size 26.94.6 mm). After three months 

of pulmonary vasodilator therapy, percutaneous closure was done using F-ASO in patients with 

Qp/Qs >1.5. Pulmonary vasodilator therapy was continued post device closure. The hemodynamic 

characteristics were compared during baseline, pulmonary vasodilator therapy alone, and 

concomitant treatment with F-ASO. The systolic pulmonary arterial pressure (decline of 14.5 mm 

Hg; p< 0.001), pulmonary vascular resistance (decline of 3.9 Wood units; p<0.001), and exercise 

capacity (rise in 6min walk distance by 72.0 m; p< 0.001) improved after pulmonary vasodilator 

therapy alone. Fenestrated atrial septal occluder (median size 34.0 mm) resulted in a further drop 

in systolic pulmonary artery pressure (6.0 mm Hg; p<0.001). Follow-up (median length ten 

months) revealed a tremendous rise in exercise capacity (by 60.5 m; p<0.001), as well as a 9.9 
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mm decrease in right ventricular size (p<0.001). All fenestrations were patent with a minimal 

shunt (Qp/Qs median ratio of 1.1) and no complications. One year later, pulmonary artery pressure 

was normalized in 8 of 19 patients, and PAH recurred in 5 patients after discontinuation of 

pulmonary vasodilator therapy. A combination of F-ASO and pulmonary vasodilator therapy 

proved a safe and successful method in patients with ASD and severe PAH. When compared to 

pulmonary vasodilator therapy alone, the combination treatment improved exercise capacity even 

more, with better right ventricular remodeling.  

In a study by Wang et al.Click or tap here to enter text. (40), the close and treat approach 

was assessed. 51 ASD patients (10 males,41 females,  age 46 ± 18years) with a mean pulmonary 

artery pressure (mPAP) ≥ 35 mm Hg and/or systolic PAP ≥ 60 mm Hg underwent closure with a 

fenestrated device. The mean Qp/Qs ratio, mean PAP, systolic PAP, and were, respectively, 2.6 

1.2, 44 8 mm Hg, 73 14 mm Hg. Following the closure of the fenestrated device, 35 patients were 

given pulmonary vasodilator treatment. The New York Heart Association (NYHA) functional 

class improved follow-up duration of 3 to 6 months (p < 0.001) 19 patients underwent repeat 

catheterization at follow-up. The hemodynamic parameters between baseline and repeat 

catheterization were compared showed a significant decrease in both mean PAP and systolic PAP 

(48 ± 7vs 37 ± 8 mm Hg, p = 0.001 & 77 ± 11 vs. 55 ± 14 mm Hg, p < 0.0001 respectively).  PVRI 

and PVR also decreased (7.7 3.3 vs 6.2 2.4 WU*m2, p = 0.024) and (5.1 2.3 vs 4.0 1.7WU, p = 

0.011), respectively. On long term follow-up of 84 ±45 months, 6 patients died; 2 were due to 

cardiac causes.  This study concluded that fenestrated device closure of ASD in patients with PAH 

followed by vasodilator therapy (close and treat approach)  can be done without any safety issues. 
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As per 2018, ACC/AHA guidelines,(14)  recommendations on the management of OS 

ASD in adults is as follows. 

 

Figure:1 Management guidelines(14) of OS ASD in adults as per ACC/AHA 

“As per 2020 ESC guidelines for the management of adult congenital heart diseases)(41), 

cardiac catheterization and calculation of PVR are mandatory. In patients with PVR <5WU, ASD 

closure is safe and associated with a reduction in Pulmonary artery pressures and improvement of 

symptoms. However, even if PVR<5WU, the extent of improvement reduces with increasing 

pulmonary artery pressures”. Patients with PVR >_5 WU are likely to have a worse outcome with 

complete ASD closure, and in this group, however, in order to decide whether to close or not, 

vasoreactivity testing is not recommended. It is safer to treat patients with PVR >_5 WU using 

pulmonary vasodilators, re-evaluate PVR and PAP during follow-up and consider fenestrated 

closure only when PVR falls below 5WU and  Qp/Qs >1.5:1; if not, ASD closure should not be 

done. 
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Figure 2: Management of ASD (atrial septal defect)  as per 2020 ESC guidelines(41) 
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“As per the 2019 updated consensus statement on the diagnosis and treatment of pediatric 

pulmonary hypertension by The European Paediatric Pulmonary Vascular Disease Network 

(EPPVDN)” (42)recommendations are: 

 
Table 1: Recommendations on the management of PH in Children and Young Adults with CHD as per EPPVDN 
(42) 

 

 

Figure 3: Flow chart for management of PH in Children and Young Adults with CHD as per EPPVDN (42) 
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AIMS, OBJECTIVES, and METHODOLOGY: 

Design: A retrospective observational study. 

Setting: A tertiary level single-center (Sree Chitra Tirunal Institute for Medical Sciences and 

Technology-SCTIMST). 

AIM: To study the long-term outcome of percutaneous device closure of ostium secundum ASD 

in patients associated with moderate and severe pulmonary hypertension. 

Hypothesis: 

We hypothesize that the pulmonary artery pressures decrease after ASD device closure in patients 

with OS ASD associated with moderate and severe pulmonary hypertension. 

OBJECTIVES 

 

1. To assess the change in pulmonary artery pressures by echocardiography in OS ASD 

patients with moderate and severe pulmonary hypertension who underwent ASD device 

closure at early, intermediate, and long-term follow-up. 

2. To look at the prevalence of arrhythmias at baseline and incidence of any new-onset 

arrhythmia, especially atrial fibrillation in these patients. 

3. To assess the incidence of Major Adverse Cardiac and Cerebrovascular Events (MACCE) 

and mortality on long-term follow-up. 

4. To assess the incidence of use of pulmonary vasodilators prior to device closure and the 

percentage of patients requiring pulmonary vasodilators on long-term follow-up. 

Sample Size: All ASD patients with moderate and severe pulmonary hypertension underwent 

ASD device closure at SCTIMST from Jan 1998 to June 2020 and met inclusion and exclusion 

criteria. 
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INCLUSION CRITERIA:   

All patients with ostium secundum ASD with mean PA pressure > 30 mm Hg or PA systolic 

pressure > 50, as documented by right heart catheterization, and underwent ASD device closure 

at SCTIMST between Jan 1998 and June 2020. 

EXCLUSION CRITERIA: 

1. Patients with coexisting shunt lesions or significant left heart disease. 

2. Patients not who don’t meet the criteria of positive response on acute vasoreactivity test 

on cardiac catheterization. A positive response to AVT in PAH is defined as >20% fall in 

PVR to less than 6 Wood units and or PVR/SVR to <0.3.21 

3. Patients whose data is incomplete or unavailable. 

DATA COLLECTION:  

All ostium secundum ASD patients with moderate and severe pulmonary hypertension 

who underwent device closure, satisfying inclusion Criteria/ exclusion criteria, were included in 

the study. A consent form, written either in English or in the Malayalam language, was signed by 

the parent and a witness. Data were collected by the principal investigator. Clinical and 

echocardiographic data at baseline evaluation, catheterization data, and procedure details of device 

closure were obtained by retrospective review of electronic medical records (EMR).  

Patient's characteristics evaluated include age at the time of device closure, symptom status 

and size of the ASD, any additional ASD, the presence of contributory risk factors for PH. Cardiac 

catheterization details like Qp, Qs, Qp/Qs ratio, PVR, SVR, and PVR/SVR ratio at baseline and 

after acute vasoreactivity test were collected. The values were indexed to body surface area for 

children with body surface area <1 to obtain PVRI, SVRI.  Procedural characteristics like size of 

the atrial septal defect, Device size used, whether fenestration of device is done or not were noted. 

Patients were categorized into moderate pulmonary hypertension group if mean PA pressure is 

between 30 - 40 mm Hg or PA systolic pressure is between 50 – 60 mm Hg and severe pulmonary 
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hypertension group if mean PA pressure is > 40 mm Hg or PA systolic pressure is >60 mm Hg, as 

measured by Right heart catheterization. 

Information about arrhythmias and the use of pulmonary vasodilators to treat pulmonary 

hypertension before or after device closure was collected at baseline and at follow-up. The 

symptomatic status, NYHA functional class, echo parameters like right ventricular dimension, 

right ventricular dimension, PASP, the severity of MR and TR were collected. Additional details 

like patient's rhythm, use of pulmonary vasodilators, at early, intermediate and long term follow 

up. 2D echocardiography was done on their follow-up. The data on left and right ventricular 

systolic function, right ventricular size, and the degree of tricuspid regurgitation, right ventricular 

systolic pressure, PA mean pressure assessed by transthoracic echocardiography were 

documented. RVSP is derived from right ventricular systolic pressure estimates using tricuspid 

regurgitation jet velocity (v) and the Bernoulli equation as 4v2, mean pulmonary artery pressure 

derived from peak pressure of pulmonary regurgitation (PR) signal is obtained in the parasternal 

short-axis view 22,23.   

The outcome variables on long-term follow-up are the change in pulmonary artery systolic 

pressure with respect to age at the time of device closure, baseline pulmonary artery pressure, 

baseline PVR and size of the defect, use of pulmonary vasodilator drugs. The percentage of 

patients with normalisation of pulmonary artery systolic pressure at long-term follow-up, the 

factors predicting the normalisation of pulmonary artery systolic pressure at long-term follow up 

are analysed. The percentage of patients with presence or persistence pulmonary hypertension 

(PASP > 40 mm Hg) and presence or persistence severe pulmonary hypertension (PASP > 60 mm 

Hg)  at long-term follow-up, the factors predicting them are assessed. 

Other outcome variables on long-term follow up were NYHA functional class; the 

prevalence of arrhythmias at baseline and incidence of any new-onset arrhythmia especially atrial 

fibrillation; the incidence of Major Adverse Cardiac and Cerebrovascular Events (MACCE) and 
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mortality; the incidence of use of pulmonary vasodilators prior to device closure; and percentage 

of patients taking pulmonary vasodilators after device closure; incidence of device migration, 

device erosion, infective endocarditis. 

STATISTICAL METHODS 

Descriptive analysis was carried out by mean and standard deviation for quantitative 

variables, frequency and proportion for categorical variables. Non normally distributed 

quantitative variables were summarized by the median and interquartile range (IQR). Data was 

also represented using appropriate diagrams like bar diagrams, pie charts etc. 

All Quantitative variables were checked for normal distribution within each category of 

the explanatory variable by using visual inspection of histograms and normality Q-Q plots. For 

normally distributed Quantitative parameters, the mean values were compared between study 

groups using an independent sample t-test (2 groups). Categorical outcomes were compared 

between study groups using the Chi-square test. Association between quantitative explanatory and 

outcome variables was assessed by calculating the Spearman correlation coefficient. 

Univariate binary logistic regression analysis was performed to test the association 

between the explanatory variables and outcome variables. An unadjusted Odds ratio along with 

95% CI is presented. Variables with statistical significance in univariate analysis were used to 

compute multivariate regression analysis. Adjusted odds ratio along with their 95% CI is 

presented. 

Receiver operating characteristic curve, or ROC curve analysis was done to estimate the 

predictive validity of cardiac catheterisation data in predicting the persistence /presence of 

pulmonary artery hypertension at long-term follow-up and severe pulmonary artery 

hypertension. The cut-off value was estimated by The Youden index (J) from the ROC curve. 
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The sensitivity, specificity, predictive values, and diagnostic accuracy of the screening test 

with the decided cut-off values along with their 95% CI were presented.  P-value < 0.05 was 

considered statistically significant. IBM SPSS version 22 was used for statistical analysis.  

Figure 4: Consort diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

89 patients included in the study  

 

 

  

 

 

All 89 patients had early follow up with a mean FU duration of 1.5 months 
86 patients had intermediate follow up with a mean FU duration of 16.33 months 
77 patients had long term follow up with a mean FU duration of 76.88 months (all except 1 patient 
had FU duration >18 months, that patient with severe PAH had only 9-month FU duration) 

 

Patients who underwent ASD device 
closure between 1998 to June 2020 
 

Patients with moderate or severe 
pulmonary hypertension (PASP-systolic 
> 50 mm Hg and/ or  PA mean > 30 mm 
Hg  as measured by cardiac 
catheterization) who underwent ASD 
device closure between 1998 to 2020  
N= 104 patients 
 

N= 104 patients 
15 patients excluded  
 

Excluded N= 15 

A. no any follow- up 4 patients  
B. incomplete cath data: 2 patients 
C. Down syndrome with OS ASD: 2 

patients 
D. other associated congenital cardiac 

disease: 4 patients 
 1 patient: post-TAPVC surgical 

repair with residual ASD 
 1 patient: post-surgical repair for 

coarctation of the aorta, with ASD 
 1 patient:  PDA device closure (8 

mm) plus ASD device closure  
 1 patient: isolated left subclavian 

artery from the pulmonary artery  
 

E. Other cardiac diseases: 3 patients 
 1 patient: RCM  
 1 patient RHD mild MS, mild MR 
 1 patient: Ischemic 

cardiomyopathy with severe LV 
dysfunction with LMCA aneurysm 
 

Patients with severe pulmonary 
hypertension (cardiac catheterization 
data: PASP > 60 mm Hg  and/ or PA 
mean > 40 mm Hg  ) who underwent 

ASD device closure 

Severe PAH group (N= 28) 

Patients with moderate pulmonary 
hypertension (cardiac catheterization 
data: PASP 50 to 60 mm Hg  and/ or 

PA mean 30 to 40 mm Hg ) who 
underwent ASD device closure   

Moderate PAH (N= 61) 



 

25 
 

RESULTS: 

A total of 89 subjects were included in the study for final analysis. Clinical, 2D echo, and 

cardiac catheterization parameters at baseline, ASD device closure procedural details are compiled 

in Table 1.  Based on cardiac catheterisation, 89 patients are categorized into two groups: group 

1 moderate PAH- (cardiac catheterization data: - PASP 50-60 and/ or PA mean pressure :30-40) 

(N=61, 68.5%) and group 2 severe PAH (cardiac catheterization data: - PASP >60 and/ or PA 

mean pressure >40 (N= 28, 31.5%) 

Descriptive analysis of baseline parameters in the study population (N=89) and comparison 

between Moderate PAH and ASD Severe PAH groups 

Table 1: Demographic parameters of the study population  

Baseline 
parameters 

PH P-Value 
Total population 
(N=89) 

Group 1 
Moderate 
PAH (N=61) 

Group 2 
Severe PAH 
(N=28) 

Age (mean) 
years 

45.52 (range 3, 71) 
95% C.I (42.41, 
48.63) 

44.66 ± 15.83 47.39 ± 12.15 0.375 

Age group 
 

 

<11 years 5 (5.6%) 5 (8.2%) 0 (0.00%) * 
11-24 years 4 (4.4%) 2 (3.3%) 2 (7.1%) 
25- 39 years 13(14.6%) 9 (14.7%) 4 (14.3%) 
40 -60 years  55(61.7%) 37 (60.6%) 18 (64.3%) 
>60 years 12(13.4%) 8 (13.1%) 4 (14.3%) 
Gender   
Male 21(23.6%) 18 (29.5%) 3 (10.7%) 0.052 
Female 68(76.4%) 43 (70.5%) 25 (9.3%) 

 

The mean age of the whole study population was 45.52 years (range 3, 71) with 95% 

Confidence interval (42.41, 48.63), whereas the mean ±standard deviation of group 1 was 44.66 
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± 15.83 years, group 2 was 47.39 ± 12.15 years. The mean age of the ASD Severe PAH group was 

slightly higher than ASD  Moderate PAH group but not statistically significant (P 0.375).  

Of 89 patients, 5 patients (5.6%) were less than 11 years (group 1 Moderate PAH- 5, group 

2 severe PAH -0), 4 (4.4%) belonged to 11 to 24 years age (2 each in both PH groups), 13(14.6%) 

belonged to 25 to 39 years age (9 in group 1, 4 in group 2), 55(61.7%) were between  40 -60 years 

(37 in group 1, 18 in group 2), 12(13.4%) were more than 60 years (8 in group 1, 4 in group 2).  

Figure 5: Stacked bar chart for comparison of age group with PH in the study population 

(N=89) 
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Figure 6: Stacked bar chart for comparison of Gender with PH in the study population 

(N=89) 

 

There was female preponderance with a ratio of 2.4:1 in the study. Females were 68 out of 89 

patients (76.4%) (group 1 – 43, group 2- 25).  

Body mass index (BMI) & size of the OS ASD on transthoracic echo and transoesophageal 

echo 

Table 2: BMI & size of the OS ASD on transthoracic echo and transoesophageal echo 

Baseline 
parameters 

PH P-Value 
Total population 
(N=89) 

Group 1 
Moderate 
PAH (N=61) 

Group 2 
Severe PAH 
(N=28) 

BMI ( kg/m2) 23.45 (12.76, 33.75) 
95% C.I (22.44, 
24.46) 

24.06 ± 4.86 22.13 ± 4.43 0.070 

ASD size TTE 
mm 

22.07 (8, 36) 
95% C.I (20.81, 
23.33) 

21.63 ± 5.97 23 ± 5.88 0.317 

ASD size TEE 
mm 

24.83 (9, 43) 
95% C.I (23.49, 
26.17) 

24.68 ± 6.53 25.14 ± 5.96 0.745 
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The mean body mass index of the whole cohort was 23.45 kg/m2 (range 12.76- 33.75) 

with 95% Confidence interval of (22.44, 24.46). The mean (±SD) BMI of the moderate PAH group 

was 24.06 ± 4.86 kg/m2, marginally higher than severe PAH group 22.13 ± 4.43 kg/m2 but not 

statistically significant.  

The mean ASD size measured by transthoracic echo (TTE) of the whole cohort was 

22.07 mm (range 8- 36) with 95% Confidence interval of (20.81, 23.33). The mean (±SD ) of the 

defect in moderate PAH group was 21.63 ± 5.97 mm and severe PAH group was 23 ± 5.88 mm 

but not statistically significant. 

The mean ASD size measured by transoesophageal echo (TEE) of the whole cohort 

was 24.83 mm (range 9- 43) with 95% Confidence interval of (23.49, 26.17). The mean (±SD) of 

the defect in moderate PAH group was 24.68 ± 6.53 mm and severe PAH group was 25.14 ± 5.96 

mm but not statistically significant. 

Figure 7: Line chart for comparison of parameters with PH in the study population (N=89) 
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Symptoms & NYHA functional class at baseline in the study population 

Table 3: Symptoms & NYHA functional class at baseline 

Baseline 
parameters 

PH P-Value 
Total population 
(N=89) 

Group 1 
Moderate 
PAH (N=61) 

Group 2 
Severe PAH 
(N=28) 

Symptoms   
Non-anginal 
chest pain 

5(5.6%) 4 (6.6%) 1 (3.6%) 0.570 

Dyspnoea 79(88.8%) 53 (86.9%) 26 (92.9%) 0.407 
Syncope 4(4.5%) 2 (3.3%) 2 (7.1%) 0.414 
Palpitations 38(42.7%) 24 (39.3%) 14 (50%) 0.345 
     
NYHA functional CLASS  
Class -1 9(10.1%) 8 (13.1%) 1 (3.6%) 0.355 
Class -2 76(85.4%) 50 (82%) 26 (92.9%) 
Class -3 4(4.5%) 3 (4.9%) 1 (3.6%) 
Duration of 
symptoms  
( years) 

2.48 (0, 15) 95% C.I 
(1.96, 2.99) 

2.33 ± 2.09 2.80 ± 3.12 0.470 

 

Figure 8: Stacked bar chart for comparison of Symptoms with PH in the study population 

(N=89) 
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The mean duration of symptoms is 2.48 years (range 0- 15) 95% Confidence interval of 

(1.96, 2.99) among the whole study patients. In patients with moderate PAH (N=61) and severe 

PAH(N=28), the mean symptom duration (+ SD) is 2.33 ± 2.09 years & 2.80 ± 3.12 years, 

respectively 

The predominant symptom was dyspnoea (n= 79, 88.8%), followed by palpitations seen 

in 42.7%.  Out of 38 patients with palpitations, only 9 had atrial fibrillation. Exertional palpitations 

were seen in 29 patients. Non-anginal chest pain was seen in 5 patients (5.6%). Syncope was seen 

in 4 patients (4.5%).  

Among patients with moderate PAH (N=61), dyspnoea was the predominant symptom 

seen in 53 (86.9%), followed by palpitations (24, 39.3%). Non-anginal chest pain was seen in 4 

patients (6.6 %). Syncope was seen in 2 patients (3.3%).  

In severe PAH(N=28), group also, dyspnoea was predominant symptom seen in 26 

(92.9%), followed by palpitations 14 (50%). Syncope was seen in 2 patients (7.1%). Non-anginal 

chest pain was seen in 1 patient (3.6%).  

Figure 9: Stacked bar chart for comparison of NHYA with PH in the study population 

(N=89) 
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In the whole study population, 10.1% of patients (9/89) were asymptomatic, and in NYHA 

class I, 88.8% (76/89) of patients had NYHA class II functional limitations. However, only 4.5% 

(4/89) patients had NYHA class III functional limitations, and no patients had NYHA class IV 

symptoms. 89.9% of patients (80/89) had NYHA functional class > II.  

In ASD Moderate PAH group, 13.1% of patients (8/61) were asymptomatic with NYHA 

class I, 86.9% (53/61) of patients had NYHA class II functional limitations. However, only 4.9% 

(3/61) patients had NYHA class III functional limitation and no patient had NYHA class IV 

symptoms. 86.9% of patients (53/61) had NYHA functional class > II. 

In ASD Severe PAH group, only one patient was asymptomatic; 92.9% (26/28) of patients 

had NYHA class II, one patient had NYHA class III functional limitation, and no patient had 

NYHA class IV symptoms. 98.5% of patients (27/28) had NYHA functional class > II. 

The percentage of patients with symptoms and NYHA functional class > II increased, with 

an increase in severity of PAH; however, it was not statistically significant. 

Comorbidities at baseline in the study population 

Table 4: patient comorbidities at baseline  

Baseline 
parameters 

PH P-Value 
Total population 
(N=89) 

Group 1 
Moderate 
PAH (N=61) 

Group 2 
Severe PAH 
(N=28) 

Hypertension  20(22.5%) 14 (23%) 6 (21.4%) 0.873 
Diabetes 
mellitus 

14(15.7%) 10 (16.4%) 4 (14.3%) 0.800 

Hypothyroidism 9(10.1%) 4 (6.6%)  5 (17.9%) 0.101 
Lung disease  12(13.5%) 8 (13.1%) 4 (14.3%) 0.881 

At baseline, 20 patients (22.5%) had Hypertension, 14(15.7%) had Diabetes mellitus, 

9(10.1%) had Hypothyroidism, 12(13.5%) had lung disease (asthma/ COPD). There was no 

significant difference in comorbidities between moderate PAH and severe PAH groups. 
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Figure 10: Stacked bar chart for comparison of Comorbidities with PH in the study 

population (N=89) 

 

 

 

Electrocardiographic parameters and prevalence of atrial fibrillation in the study patients 

Table 5: ECG parameters and prevalence of atrial fibrillation in the study patients 

Baseline 
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Sinus Rhythm  79(88.8%) 55 (90.2%) 24 (85.7%) 0.327 
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83(93.3%) 57 (93.5%) 26 (92.9%) 0.921 

QRS Axis 
(median) 

90 (30, 150) 95% C.I 
(84.07, 94.36) 

90 (105, 65) 100 (90, 110) 0.008 

 

In the whole study population, 9 (10.2 %) of patients had atrial fibrillation at baseline. 

88.8% of patients (79/89) had sinus rhythm. 1 patient had a junctional rhythm. Incomplete RBBB 

was seen in 93.3% (83/89) patients. The median QRS axis was 90 degrees (range 30, 150) 95% 

confidence interval (84.07, 94.36).  
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Figure 11: Stacked bar chart for comparison of Rhythm with PH in the study population 
(N=89) 
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2D Echocardiographic parameters at baseline in the study population 

Table 6: Baseline 2D Echocardiographic parameters  

Baseline 
parameters 

PH P-Value 
Total population 
(N=89) 

Group 1 
Moderate 
PAH (N=61) 

Group 2 
Severe PAH 
(N=28) 

Echo   
ASD size TTE 
mm 

22.07 (8, 36) 
95% C. I (20.81, 
23.33) 

21.63 ± 5.97 23 ± 5.88 0.317 

RV dilatation 88(98.8%) 60 (98.3%) 28 (100%) * 
RVID mean 
mm 

35.02 (18, 55) 
95% C.I (33.69, 
36.35) 

33.72 ± 5.94 37.82 ± 6.15 0.005 

PASP mean 
(TTE) 
mm Hg 

62.49 (40, 110) 
95% C.I (59.10, 
65.89) 

55.05 ± 10.02 78.71 ± 15.04 <0.001 

RV dysfunction 2 (2.2%) 0 (0.00%) 2 (7.1%) * 
TR severity  
Mild 56(62.9%) 52 (85.2%) 4 (14.3%) <0.001 
Moderate 33(37.1%) 9 (14.8%) 24 (85.7%) 
MR severity  
No MR 41(46.1%) 29 (47.5%) 12 (42.9%) * 
Mild 47(52.8%) 31 (50.8%) 16 (57.1%) 
Moderate 1(1.1%) 1 (1.6%) 0 (0.00%) 
LV EF  67.16 (55, 86) 

95% C.I (65.78, 
68.54) 

66.84 ± 6.13 67.86 ± 7.47 0.531 

 

In ASD Moderate PAH group, RV dilatation on echo was seen in 98.3% (60/61) of 

patients.  The mean + SD of RVIDD was 33.72 ± 5.94 mm. The mean + SD of   Pulmonary artery 

pressure (PASP) estimated by echo was 55.05 ± 10.02 mm Hg. 

In ASD Severe PAH group, all patients had dilated RV on echo.  The mean + SD of 

RVIDD was 37.82 ± 6.15mm, which was higher than ASD Moderate PAH group with statistically 

significant difference (P 0.005). The mean + SD of   Pulmonary artery pressure (PASP) estimated 
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by echo was 78.71 ± 15.04 mm Hg, which was higher than ASD Moderate PAH group with 

statistically significant difference (P< 0.001). 

Figure 12: Line chart for comparison of parameters with PH in the study population (N=89) 

 

 

 

Figure 13: Stacked bar chart for comparison of TR severity with PH in the study population 
(N=89) 
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mitral regurgitation. One patient (1.1%) had moderate mitral regurgitation. No patient had severe 

MR. 

In ASD Moderate PAH group, 85.2% (52/61) had mild tricuspid regurgitation. 14.8 % 

(9/61) had moderate tricuspid regurgitation. No patients had severe tricuspid regurgitation.  47.5%  

(29/61) patients did not have any mitral regurgitation. 50.8% (31/61) of patients had mild mitral 

regurgitation. One patient (1.6%) had moderate mitral regurgitation. 

In ASD  Severe PAH group 14.3%,) (4/28) had mild tricuspid regurgitation. 85.7 % 

(24/28) had moderate tricuspid regurgitation. No patients had severe tricuspid regurgitation.  

42.9%  (12/24) patients did not have any mitral regurgitation. 57.1% (16/28) of patients had mild 

mitral regurgitation.  No patients in the severe PAH group had more than moderate or severe MR.  

the prevalence of Moderate tricuspid regurgitation was higher in ASD  Severe PAH group 

compared to ASD  Moderate PAH group and statistically significant (P<0.001)  

Figure 14: Stacked bar chart for comparison of MR severity with PH in the study population 
(N=89) 
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PAH group, the median aortic saturation was 97% which was higher than that of the ASD Severe 

PAH group 95%.  This difference was statistically significant. (P <0.001)  

All the patients underwent baseline cardiac catheterization study prior to ASD device 

closure. In the total study population, the mean of PASP (pulmonary artery systolic pressure) was 

58.56 mm Hg, 95% C. I (55.23, 61.90), the mean of PA diastolic pressure was 23.17mm Hg, 95% 

C. I (21.95, 24.38), average PA mean pressure was 36.04 mm Hg, 95% C. I (34.51, 37.58), the 

average value for the ratio of pulmonary systolic pressure and systolic aortic pressure was 0.45, 

95% C.I (0.42, 0.47). The average value for pulmonary blood flow and systemic blood flow 

(Qp/Qs) ratio is 2.16, 95% C.I (1.98, 2.34). The mean PVR (pulmonary vascular resistance) was 

3.51 WU (wood units) (range 0.7- 16.78) 95% C.I (2.98, 4.04). The mean value of pulmonary 

resistance to systemic resistance ratio of was 0.16, 95% C.I (0.14, 0.19). 

Table 7: Baseline cardiac catheterization data   

Baseline parameters PH P-Value 
Total population 
(N=89) 

Group 1 
Moderate PAH 
(N=61) 

Group 2 
Severe PAH 
(N=28) 

Cath data (Baseline) (N= 89, 100%)   

Aorta saturation by 
blood gas analysis 
(median) 

97 (89, 100) 95% C.I 
(95.76, 96.97) 

97 (95, 99) 95 (96, 92.25) <0.001 

PA systolic 
mm Hg 

58.56, 95% C.I (55.23, 
61.90) 

50.08 ± 6.83 77.04 ± 14.01 <0.001 

PA diastolic 
mm Hg 

23.17,  
95% C.I (21.95, 24.38) 

21.26 ± 3.76 27.32 ± 7.15 <0.001 

PA mean 
mm Hg 

36.04, 95% C.I (34.51, 
37.58) 

32.33 ± 3.03 44.14 ± 7.29 <0.001 

AO systolic mm Hg 132.99, 95% C.I (128.23, 
137.74) 

129.02 ± 21.34 141.64 ± 23.13 0.018 

PASP/AO systolic 0.45, 95% C.I (0.42, 0.47) 0.40 ± 0.08 0.56 ± 0.13 <0.001 
QP/QS 2.16, 95% C.I (1.98, 2.34) 2.26 ± 0.85 1.94 ± 0.83 0.107 
PVR 
(WU) 

3.51 (0.7, 16.78) 
95% C.I (2.98, 4.04) 

2.50 ± 0.98 5.73 ± 3.33 <0.001 

SVR 
(WU) 

21.59, 95% C.I (20.09, 
23.08) 

20.20 ± 6.40 24.62 ± 7.65 0.011 

R RATIO 0.16, 95% C.I (0.14, 0.19) 0.13 ± 0.05 0.25 ± 0.15 <0.001 
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The mean + SD of PASP (pulmonary artery systolic pressure) in the ASD  Moderate PAH 

group was (50.08 ± 6.83 mm Hg) lower compared to that of the ASD  Severe PAH group, and it 

was statistically significant (P<0.001).  

The mean + SD of PA diastolic pressure was 21.26 ± 3.76 mm Hg in ASD Moderate PAH 

group and    27.32 ± 7.15mm Hg in ASD  Severe PAH group and had a statistically significant 

difference (P<0.001)  

The mean + SD of   PA mean pressure was 32.33 ± 3.03mm Hg in ASD Moderate PAH 

group and    44.14 ± 7.29 mm Hg in ASD Severe PAH group and had statistically significant 

difference (P<0.001)  

The mean + SD of the ratio of pulmonary systolic pressure and systolic aortic pressure was 

0.40 ± 0.08 in ASD Moderate PAH group and    0.56 ± 0.13 mm Hg in ASD  Severe PAH group 

and had a statistically significant difference (P<0.001)  

The mean + SD of the ratio of pulmonary blood flow and systemic blood flow(Qp/Qs) was 

higher   (2.26 ± 0.85)  in ASD Moderate PAH group compared to that (1.94 ± 0.83) in ASD  Severe 

PAH group and had a statistically significant difference (P<0.001)  

The mean + SD of PVR (pulmonary vascular resistance) was lower   (2.50 ± 0.98 WU)  in 

ASD Moderate PAH group compared to that (5.73 ± 3.33WU) in ASD  Severe PAH group and 

had a statistically significant difference (P<0.001) 

The mean + SD of PVR/SVR ratio (ratio of pulmonary resistance to systemic resistance) 

was lower   (0.13 ± 0.05)  in ASD Moderate PAH group compared to that (0.25 ± 0.15) in ASD  

Severe PAH group and had a statistically significant difference (P<0.001) 
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Figure 15: Line chart for comparison of Cath variables (baseline) with PH in the study 
population (N=89) 

 

 

33.7% of patients (30/ 89) underwent pulmonary vasoreactivity testing with 100% oxygen 
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The cardiac catheterization data pre and post pulmonary vasoreactivity testing was compared in 
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17.9% (16/89) patients had PVR value >5 WU at baseline cath study, all of them underwent 

pulmonary vasoreactivity testing.  The Cath parameters pre and post-oxygen study were analyzed 

(Table 8). Post oxygen study, there was a significant decrease in the mean + SD values of PASP 

(pulmonary artery systolic pressure), PA diastolic pressure, PA mean pressure, the ratio of 

pulmonary systolic pressure, and systolic aortic pressure, pulmonary vascular resistance, 

PVR/SVR ratio. 

3 patients had persistently high PVR (>5WU) even after oxygen study. (6.72WU, 

6.57WU,6.99 WU). The first patient underwent ASD device closure without fenestration in the 

year 2000 and also was not on pulmonary vasodilator therapy, then later developed RV 

dysfunction at nine months of follow up after ASD device closure, after that lost for follow up.   

The remaining two of three patients underwent fenestrated ASD device closure and were on 

pulmonary vasodilators; they had good RV function, mild PAH at 58 months and 33 months of 

follow up respectively and using pulmonary vasodilators. 

The procedure-related parameters: 

Table 9: The procedure-related parameters: 

Baseline 
parameters 

PH P-Value 
Total population 
(N=89) 

Group 1 
Moderate 
PAH (N=61) 

Group 2 
Severe PAH 
(N=28) 

Procedural details 
ASD device closure  

ASD size on TTE 
(mm) 

22.07 (8, 36) 
95% C.I (20.81, 
23.33) 

21.63 ± 5.97 23 ± 5.88 0.317 

ASD size on TEE 
(mm) 

24.83 (9, 43) 
95% C.I (23.49, 
26.17) 

24.68 ± 6.53 25.14 ± 5.96 0.745 

Device size 28.30 (12, 44) 
95% C.I (26.99, 
29.60) 

27.67 ± 6.33 29.64 ± 5.61 0.145 
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Fenestrated 
device 

4 (4.5%) 1 (1.6%) 3 (10.7%) 0.055 

Procedural 
success 

89(100%) 61 (100%) 28 (100%) * 

Complications   
Device 
embolization 
immediate  

1(1.1%) 1 (1.6%) 0 (0.0%) * 

Late embolization  0 
 

0  0  

Rhythm 
disturbance  

3(3.3%) 3 (4.9%) 0 (0.00%) 

Other 
complications 

2(2.2%) 1 (1.6%) 1 (1.6%) 

Residual flow / 
flow through 
fenestration 

6(6.7%) 3 (4.9%) 3 (10.7%) 0.311 

PASP (mm Hg) 
immediate post 
device closure  

50.53 (28, 90) 
95% C.I (47.46, 
53.61) 

43.68 ± 9.34 65.21 ± 12.69 <0.001 

PAH drugs 
(pulmonary 
vasodilators) at 
discharge 

10 
11.2% 

2 (3.3%) 8 (28.6%) 0.026 

 

The procedural success rate of ASD device closure was 100%.  Device fenestration was 

done prior to device implantation manually with 14 F dilator in 4 patients in the whole study 

cohort.  Of the one who had PASP > 60 mm Hg, as estimated by echo, was given pulmonary 

vasodilators for 3 months and later underwent cardiac catheterization, and ASD device closure 

had PASP on baseline cath study equal to 60 mm Hg and other patients had PASP >60 on baseline 

cath study. 

Post ASD device closure, 2D echo prior to discharge showed residual flow in a total of 6 

patients (in 4 patients, the residual flow was due to device fenestration). The mean value of PASP 

estimated from 2D echo within 24 hours of procedure was 50.53 (range 28- 90) 95% C. I (47.46, 

53.61) 
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In 88 patients single ASD device was used; only one patient having two atrial septal defects 

with significant intervening atrial septal length underwent device closure with two separate 

devices. 

The use of Pulmonary vasodilators was seen in (10/89) 11.2% of patients. Of the, 8 patients were 

in Severe PAH group, 2 patients were in Moderate PAH group. 

The procedure-related complications: 

One patient (1.1%) (with 22 mm defect size on TTE, 26 mm measured on TEE) had 26 

mm device embolization to RPA immediately after deploying. The embolised device was snared 

and a bigger device (34 mm) was deployed successfully. 

(3/89) 3.3% of patients' rhythm disturbance during the procedure. Atrial fibrillation during 

the procedure was seen in 1 patient, and it was reverted to sinus rhythm after DC cardioversion. 

The second patient had periprocedural SVT terminated with adenosine; the third patient had 

transient junctional rhythm reverted to sinus rhythm. 

One patient had TEE-related oesophageal injury with hematemesis and oesophageal 

hematoma confirmed by CT thorax. She was managed conservatively and recovered. 

One patient had retroperitoneal hematoma related to femoral access for Cath study, 

managed conservatively, and then underwent device closure one month later. 

 

Comparison of baseline parameters with PVR category in the study population: 

There was no significant difference in size of the ASD between the groups. Pulmonary artery 

pressures, resistance ratio, pulmonary artery systolic to aortic systolic pressures, RVIDD, severity 

of TR increased with increase in PVR (statistically significant). 
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Table 10: Comparison of baseline parameters with PVR category in the study population 
(N=89) 

Baseline parameters PVR P-Value 
 
 

<3 WU  
(N=51) 

3 to 5 WU  
(N=22) 

>5 WU  
(N=16) 

Age (mean) years 46.90 ± 14.08 44.32 ± 17.93 42.75 ± 12.26 0.566 
ASD size TTE mm 23.26 ± 6.17 20.00 ± 5.49 22.07 ± 5.94 0.080 

ASD size TEE mm 26.62 ± 6.62 21.55 ± 5.19 23.75 ± 4.78 0.004 
RVID mean mm 34.36 ± 5.97 34.09 ± 7.96 36.50 ± 4.46 0.508 
PASP mean  mm 
Hg 

55.25 ± 10.83 64.73 ± 15.92 82.50 ± 12.95 <0.001 

RV dysfunction 0 (0.00%) 0 (0.00%) 2 (12.5%) * 
TR severity   

Mild 39 (76.5%) 16 (72.7%) 1 (6.3%) <0.001 
Moderate 12 (23.5%) 6 (27.3%) 15 (93.8%) 

LV EF  66.51 ± 6.38 67.00 ± 6.46 67.16 ± 6.55 0.297 

Cath data (Baseline)   
AO saturation 
(median) 

98 (95.5, 99) 96 (93.75, 97.5) 94.5 (90.75, 95.88) <0.001 

PA systolic mm Hg 51.29 ± 8.48 57.95 ± 12.08 82.56 ± 15.20 <0.001 
PA diastolic mm Hg 21.61 ± 3.98 21.32 ± 4.63 30.69 ± 6.25 <0.001 

PA mean mm Hg 32.57 ± 3.41 35.27 ± 4.63 48.19 ± 6.56 <0.001 

AO systolic mm Hg 76.75 ± 10.59 79.05 ± 10.84 73.94 ± 10.01 0.342 
PASP/AO systolic 0.40 ± 0.08 0.43 ± 0.07 0.62 ± 0.13 <0.001 

QP/QS 2.43 ± 0.96 1.96 ± 0.45 1.57 ± 0.41 0.001 
PVR (WU) 2.03 ± 0.57 3.87 ± 0.57 7.73 ± 3.00 <0.001 
SVR (WU) 18.55 ± 5.42 26.43 ± 8.10 24.61 ± 5.33 <0.001 

R RATIO 0.12 ± 0.05 0.16 ± 0.05 0.33 ± 0.11 <0.001 

Procedural details 
ASD device closure  

Fenestrated device 1 (2.0%) 0 (0.00%) 3 (18.8%) * 
Procedural success 51 (100%) 22 (100%) 16 (100%) * 

PASP immediate 
post device closure  
mm Hg 

44.16 ± 10.56 51.55 ± 13.01 69.06 ± 10.87 <0.001 

PAH drugs 
(pulmonary 
vasodilators) at 
baseline 

1 (2%) 
(This patient was 
started on 
pulmonary 
vasodilators based 
on echo estimate of 
PASP and later 
underwent Cath 
study followed by 
fenestrated device 
closure) 

2 (9.1%) 7 (43.8%) 0.011 
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Follow-up analysis of all patients. 

We analyzed parameters in the early, intermediate, and long term. All 89 patients (100%) 

had an early follow-up with a mean duration of 1.51 months.  86 patients (96.6%) had an 

intermediate follow-up with a mean duration of 16.33 months.  77 patients (86.5%) had a long-

term follow-up with a mean duration of 76.88 months. 

Table 11:  Follow up analysis of the whole cohort of patients 

Parameters Baseline 
(N=89) 

Early FU (N=89) Intermediate FU 
(N=86) 

Long term FU 
(N=77) 

Duration of follow up 
months (mean & range) 

Not applicable 1.51 (0.1, 4.7) 16.33 (2, 65) 76.88 (9, 198) 

NYHA functional CLASS 

Class -1 9 (10.1%) 60 (67.4%) 70 (81.4%) 60 (77.9%) 
Class -2 76 (85.4%) 29 (32.6%) 16 (18.6%) 16 (20.8%) 

Class -3 4 (4.5%) 0 0 1 (1.3%) 

Echo RVIDD (mm) (mean 
& range) 

35.02 (18, 55) 30.89 (18, 50) 
*P <0.001 

28.3 (18, 45) 
*P <0.001 

28.23 (18, 40) 
*P <0.001 

ECHO RV dysfunction  2 (2.2%) 2 (2.2%) 1 (1.2%) 1 (1.3%) 

Pulmonary artery systolic 
pressure echo (mm Hg) 
(mean & range) 

62.49 (40, 110) 46.25 (25, 89) 
*P < 0.001 

41.09 (22, 90) 
*P < 0.001 

40.4 (24, 82) 
*P <0.001 

Number of patients with 
echo PASP <40 

Not applicable 24 (27%) 45 (52.3%) 46 (59.7%) 

Number of patients with 
severe PAH (echo PASP 60 
or more) 

44 (49.4%) 17 (19.1%) 7 (8.1%) 6 (7.8%) 

Number of patients with 
PAH  (Echo PASP>=40) 

89(100%) 65(73%) 41(47.6%) 31(40.2%) 

TR severity 
Mild 56 (62.9%) 82 (92.1%) 84 (97.7%) 72 (96%) 

Moderate 33 (37.1%) 7 (7.9%) 2 (2.3%) 3 (4%) 

MR severity     

No MR 41 (46.1%) 51 (57.3%) 54 (62.8%) 47 (61.8%) 
Mild 47 (52.8%) 38 (42.7%) 32 (37.2%) 27 (35.5%) 

Moderate 1 (1.1%) 0 0 2 (2.6%) 
LV EF  67.16 (55, 86) 67.17 (54, 85) 66.71 (56, 78) 66.88 (60, 86) 

Flow across the fenestration 
of device/ residual flow 

Not applicable 2  1  1 

Sinus rhythm  79 (88.8%) 79 (88.8%) 78 (90.7%) 65 (84.4%) 
AF 9 (10.1%) 10 (11.2%) 7 (8.1%) 10 (13%) 

PAH drugs 10 (11.2%) 8 (9%) 9 (10.6%) 9 (11.7%) 

MACCE - - - 5 (5.6%) 

Mortality - - - 3 (3.4%) 

All patients (moderate and Severe PAH analyzed together) symptoms, NYHA class, echo, 

and other parameters at each follow-up are described in the above table.  On long-term follow up 

16/77 (21.1%) patients had NYHA functional class II. One patient had NYHA functional class III. 

The mean RVIDD reduced from 35.02 mm at baseline to 28.23 mm at long-term follow-up, and 

the reduction was statistically significant. The mean pulmonary artery systolic pressure as 
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measured by 2D echocardiography reduced from 62.49 mm Hg at baseline to 40.4 mm Hg, at last, 

follow up, and the reduction was statistically significant. RV dysfunction in one patient resolved, 

whereas in another patient, it persisted at her follow-up of nine months, and after that, she had lost 

to follow-up.   

At long-term follow-up, 51.7% (46/77) patients had normalization of pulmonary artery 

systolic pressures, whereas 7.7% (6/77) patients persisted in having pulmonary artery systolic 

pressures >60 mm Hg. Only 4% (3/77) patients had moderate TR. No patients had severe TR. LV 

systolic function was normal in all patients. All patients with device fenestration did not have flow 

across the device at the long-term follow-up. Only one patient had residual flow at long-term 

follow-up.  Atrial fibrillation (AF) was seen in (10/77) 13% of patients. New-onset AF was seen 

in 2.6% (2/77) patients. One patient had new-onset atrial bigeminy.  

5 MACCE events occurred in the study cohort on long-term follow-up, which was three 

deaths, 1 Myocardial infarction, 1 heart failure. Causes of death were massive GI bleed with 

refractory shock and acute kidney injury due to oral anticoagulation for AF in 1 patient, stroke in 

1 patient. In the third patient cause of death was not known. 1 patient had MI on follow-up. 

Follow up analysis of ASD Moderate PAH (group 1)  

Table 12: NYHA functional class  at each follow up in  ASD moderate PAH group 1 

Parameter 
(Moderate PAH group)  

Baseline 
(N=61) 

Early FU 
(N=61) 

Intermediate FU 
(N=58) 

Long term FU 
(N=51) 

Duration of follow up 
(months) (mean & 
range) 

Not applicable 1.23 (0.1, 4.7) 18.19 (2, 65) 84.33 (12, 198) 

NYHA functional CLASS 
Class -1 8 (13.1%) 49 (80.3%) 51 (87.9%) 40 (80%) 

Class -2 50 (82%) 12 (19.7%) 7 (12.1%) 10 (20%) 

Class -3 3 (4.9%) 0 0 0 

*No statistical test is performed due to zero subjects in the cells. 

The functional status was assessed by the NYHA classification improved at early follow-

up, and the improvement was persistent at long-term follow-up. 
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Figure 16: Stacked bar chart for comparison of NYHA functional class with Moderate PAH 
in the study population (N=61) 

 

Echo parameters at each follow up in ASD moderate PAH group 

Figure 17: Line chart for comparison of echo  parameters with Moderate PAH in the study 
population (N=61) 
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Table 13: Echo parameters at each follow up in ASD moderate PAH group 1 

Parameter 
(Moderate PAH) 

Baseline 
(N=61) 

Early FU 
(N=61) 

Intermediate FU 
(N=58) 

Long term FU 
(N=51) 

Duration of follow 
up (months)  

Not applicable 1.23 (0.1, 4.7) 18.19 (2, 65) 84.33 (12, 198) 

Echo RVIDD 
(mean) mm (mean & 

range) 

33.72 (18, 45) 
 

29.59 (18, 43) 
*P<0.001 

27.10 (18, 38) 
*P = 0.001 

27.51 (19, 40) 
*P=0.001 

ECHO RV 
dysfunction  

0 0 0 0 

Pulmonary artery 
systolic pressure 
(PASP) echo (mean 

& range) mm Hg 

 55.05 (40, 78) 40.90 (25, 70) 
 
*P<0.001 

38.55 (22, 90) 
 
*P<0.001 

37.29 (25, 77) 
 
*P =0.002 

Number of patients 
with PASP <40 

Not applicable 23 (37.7%) 42 (72.4%) 40 (78.4%) 

Number of 
patients with 
PASP >40  
(PH present) 

61(100%) 38(62.3%) 16(36%) 11(21.6%) 

 Number of patients 
with PASP 60 or 
more 
(SEVERE PAH) 

 4 (6.6%) 4 (6.9%) 4 (7.8%) 

*Compared with baseline 

The decrease in RVIDD, Pulmonary artery systolic pressure (PASP) assessed by 2D echo was 

statistically significant.  

Table 14: Echo parameters (TR, MR, residual flow/ device fenestration flow) at each follow 
up in ASD moderate PAH group 1 

Parameter 
(Moderate PAH) 

Baseline 
(N=61) 

Early FU 
(N=61) 

Intermediate FU 
(N=58) 

Long term FU 
(N=51) 

Duration of follow 
up (months)  

Not applicable 1.23 (0.1, 4.7) 18.19 (2, 65) 84.33 (12, 198) 

TR severity     
Mild 52 (85.2%) 58 (95.1%) 56 (96.6%) 48 (96%) 

Moderate 9 (14.8%) 3 (4.9%) 2 (3.4%) 2 (4%) 

MR severity     
No MR 29 (47.5%) 37 (60.7%) 38 (65.5%) 35 (70%) 
Mild 31 (50.8%) 24 (39.3%) 20 (34.5%) 14 (28%) 

Moderate 1 (1.6%) 0 0 1 (2%) 
LV EF  66.84 (55, 79) 66.69 (54, 80) 66.86 (56, 78) 66.49 (60, 79) 

residual flow/ 
device fenestration 
flow 

Not applicable 1 (1.6%) 0 0 

The decrease in the severity of TR and MR was not statistically significant at each follow-up. 
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Figure 18: Stacked bar chart for comparison of TR severity at each follow up in Moderate 
PAH group  (N=61) in the study population  

 

Figure 19: Stacked bar chart for comparison of MR severity at each follow up in ASD 
moderate PAH group  
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Prevalence of Atrial fibrillation at each follow up in ASD moderate PAH group 1 

Table 15: Prevalence of Atrial fibrillation at each follow up in ASD moderate PAH group 
(N=61)  

Parameter 
(Moderate 
PAH) 

Baseline 
(N=61) 

Early FU 
(N=61) 

Intermediate FU 
(N=58) 

Long term 
FU (N=51) 

Duration of 
follow up 
(months)  

Not applicable 1.23 (0.1, 4.7) 18.19 (2, 65) 84.33 (12, 
198) 

Sinus rhythm  55 (90.2%) 54 (88.5%) 54 (93.1%) 45 (88.2%) 
AF 6 (9.8%) 7 (11.5%) 4 (6.9%) 6 (11.8%) 

 

There was no statistically significant change in the number of patients with AF at each 

follow-up. Two patients with AF at baseline reverted to sinus rhythm after treatment; however, 

recurrence of AF was seen in one of them at further follow-up visits. Two patients in group 1 had 

new-onset AF on early follow up which got reverted to sinus rhythm after treatment.  

 

Figure 20: Stacked bar chart for comparison of Rhythm with Moderate PAH in the study 
population (N=61) 
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Table 16: Use of pulmonary vasodilators in ASD moderate PAH group 1 

Parameter 
(Moderate 
PAH) 

Baseline 
(N=61) 

Early FU 
(N=61) 

Intermediate FU 
(N=58) 

Long term 
FU (N=51) 

Pulmonary 
vasodilator use  

2 (3.3%) 1 (1.6%) 2 (3.5%) 3 (5.9%) 

 

  2 patients were given oral pulmonary vasodilators for 3 months prior to device closure in 

the moderate PAH group as their PASP estimated was >60mm Hg by 2D echocardiography. The 

pulmonary vasodilators were stopped after device closure. 

On long-term follow-up, 3 new patients in the moderate PAH group were started on 

pulmonary vasodilators. (Two patients had contributory factors for pulmonary hypertension, one 

patient had poorly controlled chronic asthma, another patient with chronic asthma had worsening 

PA pressures at follow-up after delivery with suspected autoimmune disease (Antinuclear 

antibodies positive). 

 

Table 17: MACCE and mortality in in ASD moderate PAH group 1 

Parameter 
(ASD Moderate PAH) 

Long term FU (N=51) 

MACCE  & deaths 4 (4.9%) 

mortality 3 (4.9%) 

 

There were 3 deaths on follow-up in the Moderate PAH group; causes of death were 

massive Gastrointestinal bleed with refractory shock and acute kidney injury due to oral 

anticoagulation for AF ), stroke in 1 patient. In the third patient cause of death was not known. 1 

patient had MI on follow-up. 
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Follow up analysis of ASD Severe PAH group 

Table 18: FOLLOW UP of ASD Severe PAH group 2: 

Parameter 
(Severe PAH) 

Baseline 
(N=28) 

Early FU 
(N=28) 

Intermediate FU 
(N=28) 

Long term 
FU (N=26) 

Duration of 
follow up  
(months) 

Not applicable 0.968 (0.1, 1.5) 12.46 (3, 35) 62.27 (9, 119) 

NYHA CLASS     
Class -1 1 (3.6%) 11 (39.3%) 19 (67.9%) 19 (73.1%) 
Class -2 26 (92.9%) 17 (60.7%) 9 (32.21%) 6 (23.1%) 
Class -3 1 (3.6%) 0 0 1 (3.8%) 

*No statistical test is performed due to zero subjects in the cells. 

The functional status as assessed by the NYHA classification improved at early follow-up, 

and the improvement was persistent at long-term follow-up. 

Figure 21: Stacked bar chart for comparison of NYHA with Severe PAH in the study 
population (N=28) 
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Table 19: Echo parameters at each follow up in ASD Severe PAH group 2 

Parameter 
(Severe PAH) 

Baseline 
(N=28) 

Early FU 
(N=28) 

Intermediate FU 
(N=28) 

Long term 
FU (N=26) 

Duration of 
follow up  
(months) 
mean range 

Not applicable 0.968 (0.1, 1.5) 12.46 (3, 35) 62.27 (9, 119) 

Echo RVIDD 
mm (range) 

37.82 (28, 55) 33.71 (23, 50) 
*P= 0.026 

30.79 (20, 45) 
*P= 0.001 

29.65 (18, 40) 

ECHO RV 
dysfunction  

2 (7.1%) 2 (7.1%) 
 

1 (3.6%) 1 (3.8%) 

Pulmonary 
artery 
systolic 
pressure echo 
mm Hg  mean 
(range) 

78.71 (40, 110) 57.89 (30, 89) 
*P= 0.007 

46.36 (30, 75) 
*P= 0.036 

45.42 (24, 82) 
*P= 0.07 

Number of 
patients with 
PASP <40 

Not applicable 1 (3.6%) 3 (10.7%) 6 (21.4%) 

Number of 
patients with 
PASP 60 or 
more 

24 (85.7%) 13 (46.4%) 3 (10.7%) 2 (7.1%) 

Number of 
patients with 
PASP >=40 
(PH present) 

28(100%) 27(96.4%) 25(89.2) 20(76.9%) 

*Compared with baseline 

The decrease in RVIDD, Pulmonary artery systolic pressure (PASP) assessed by 2D echo was 

statistically significant on early and intermediate follow-ups.  The PASP and RVIDD were further 

reduced on long-term follow-up. 

Of 26 patients, only 2 patients (7.6 %) continued to have severe PAH (PASP 60 or more on echo) 

at long-term follow-up. 
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Figure 22: Line chart for comparison of parameters with Severe PAH in the study 
population (N=28) 

 

 

 

Table 20: Echo parameters (TR, MR, residual flow/ device fenestration flow) at each follow 
up in ASD Severe PAH (group 2) 

Parameter 
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Intermediate FU 
(N=28) 

Long term 
FU (N=26) 

Duration of 
follow up  
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Not applicable 0.968 (0.1, 1.5) 12.46 (3, 35) 62.27 (9, 119) 

TR severity     
Mild 4 (14.3%) 24 (85.7%) 28 (100%) 24 (96%) 
Moderate 24 (85.7%) 4 (14.3%) 0 1 (4%) 
MR severity     
No MR 12 (42.9%) 14 (50%) 16 (57.1%) 12 (46.2%) 
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residual flow/ 
device 
fenestration 
flow 

Not applicable 1 (3.6%) 1 (3.6%) 1 (3.6%) 

The decrease in the severity of TR and MR was not statistically significant at each follow-up. 
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Figure 23: Stacked bar chart for comparison of TR severity with Severe PAH in the study 
population (N=28) 

 

 

Figure 24: Stacked bar chart for comparison of MR severity with Severe PAH in the study 
population (N=28) 
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Prevalence of Atrial fibrillation at each follow up in  the ASD Severe PAH group 2 

Table 21: Prevalence of Atrial fibrillation at each follow up in the ASD Severe PAH (group 
2) in the study population 

Parameter 
(Severe PAH) 

Baseline 
(N=28) 

Early FU 
(N=28) 

Intermediate FU 
(N=28) 

Long term 
FU (N=26) 

Duration of 
follow up 
(months) 

Not applicable 0.968 (0.1, 1.5) 12.46 (3, 35) 62.27 (9, 119) 

Sinus rhythm  24 (85.7%) 25 (89.3%) 24 (85.7%) 20 (76.9%) 
AF 3 (10.7%) 3 (10.7%) 3 (10.7%) 4 (15.4%) 

 

There was no statistically significant change in the number of patients with AF at each follow-up. 

One patient with AF at baseline in group 2 developed a complete heart block on follow-up and 

underwent permanent pacemaker insertion. Two patients had new-onset AF in this group. 

Figure 25: Stacked bar chart for comparison of Rhythm with Severe PAH in the study 
population (N=28) 

 

 

 

 

85.70% 89.30% 86%
77%

10.70%
10.70%

10.70%
15%

0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

120.00%

Baseline Early FU Intermediate FU Long term FU

P
er

ce
nt

ag
es

Rhythm

Sinus rhythm AF



 

56 
 

Use of pulmonary vasodilators in the ASD Severe PAH (group 2) 

Table 22: Use of pulmonary vasodilators in the ASD Severe PAH (group 2): 

Parameter 
(Severe PAH) 

Baseline 
(N=28) 

Early FU 
(N=28) 

Intermediate FU 
(N=28) 

Long term 
FU (N=26) 

Duration of follow up 
months) mean range 

Not applicable 0.968 (0.1, 1.5) 12.46 (3, 35) 62.27 (9, 119) 

PAH drugs 8 (28.6%) 7 (25%) 7 (25%) 6 (23.1%) 
 

 

28.6% (8/28) of patients in ASD Severe PAH were on pulmonary vasodilators. Pulmonary 

vasodilators were stopped in one patient in this group as their pulmonary artery systolic pressures 

fell into mild PAH level. One patient on pulmonary vasodilators was lost for long-term follow-up. 

MACCE and mortality in Group 2 ASD severe PAH: one patient had heart failure 

hospitalization. There was no death in this group.  

There was no incidence of device migration, device erosion, infective endocarditis at long-term 

follow-up. 

Categorisation of patients according to pulmonary artery systolic pressure (PASP) at Long 
term follow up:  

Subgroup analysis at long term follow-up by categorizing the patients based on the 

pulmonary artery systolic pressure estimated by 2D echocardiography into 4 groups: No PAH 

(PASP<40 mm Hg), mild PAH (PASP 40-49 mm Hg), moderate PAH (PASP 50-59 mm Hg), 

severe PAH (PASP > 60 mm Hg).  There was no significant difference in the defect size, age at 

device closure among the sub-groups. The baseline pulmonary artery pressures, PVR and 

PVR/SVR ratio was higher in patients with persistently high pulmonary artery pressures at long 

term follow up which was statistically significant. 
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Table 23: Categorisation of patients according to PASP at Long term follow up (N=77) 

Parameter PASP<40 
(N=46) 

PASP 40-49 
(N=18) 

PASP 50-59 
(N=7) 

PASP 60 or 
more (N=6) 

P values 

BASELINE DATA 

Age at device 
closure 

43.74 (3, 71) 50.22 (22, 70) 49.86 (34, 63) 43.67 (5, 67) 0.364 

Follow up duration 
Months mean, 
range 

80.80±43.53 
(12, 195) 

64.83±31.68 (22, 
136) 

89.57±37.04 
(20, 128) 

68.17±73.20 
(9, 198) 

0.468 

Defect size mm 24.62 (9, 38) 27.5 (20, 43) 20.71 (17, 26) 24.28 (15, 36)  

Baseline ECHO 
PASP (mean) mm 
Hg 

55.36 (40, 95) 74.72 (45, 96) 73.43 (56, 85) 64.67 (46, 
110) 

<0.001 

Baseline ECHO RV 
dysfunction  

0 0 1 (14.3%) 1 (5.6%) * 

BASELINE CATH DATA  

PA systolic mm Hg 51.91 (37, 110) 71.5 (55, 105) 61 (51, 70) 61.67 (44, 
110) 

<0.001 

PA diastolic mm Hg 22.04 (11, 38) 24.89 (11, 36) 24.57 (15, 32) 23.78 (13, 38) 0.191 

PA mean mm Hg 33.22 (24, 54) 40.94 (32, 58) 38.29 (28, 45) 37.5 (30, 62) <0.001 

AO systolic mm Hg 128.72 (80, 
176) 

145 (108, 180) 139.71 (110, 
170) 

129.28 (85, 
193) 

0.031 

PASP/AO systolic 0.41 (0.27, 
0.79) 

0.50 (0.38, 0.74) 0.44 (0.35, 
0.57) 

0.49 (0.31, 
0.85) 

0.027 

QP/QS 2.35 (1.20, 
5.76) 

2.19 (1.1, 4.3) 1.48 (0.16, 2) 1.90 (1.23, 
2.96) 

0.032 

PVR (basal) (WU) 2.69 (0.86, 8.6) 4.48 (1.47, 11.2) 4.26 (1.9, 
5.78) 

4.37 (0.7, 
16.78) 

0.003 

SVR (WU) 20.35 (10, 
38.4) 

25.69 (16.4, 48) 21.23 (8.8, 
29.5) 

20.79 (14, 34) 0.064 

R RATIO 0.13 (0.04, 
0.28) 

0.19 (0.06, 0.51) 0.21 (0.14, 
0.31) 

0.21 (0.02, 
0.76) 

 

Long term follow 
up data 

     

RVIDD at FU 3 26.93±3.57  28.94±5.19 31.14±5.27 32.67±4.54 0.004 

Use of PAH drugs 
at FU 3  

0 4 (22.2%) 2 (28.6%) 3 (16.7%)  

RV dysfunction at 
FU 3  

0 0 0 1  
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Categorisation of patients according presence or absence of pulmonarty artery hypertension 
at Long term follow up: 

Table 24: Categorisation of patients according presence or absence of pulmonarty artery 
hypertension at Long term follow up (N=77) 

Parameter NO PAH 
PASP<40 at long 

term  
(N=46) 

PAH present 
PASP >= 40  at long 

term  
(N= 31) 

P values 

Age at device closure 43.74±15.12 49.23±12.57 0.088 

Follow up duration 80.80±44.07 71.06±42.91 0.337 

BMI 23.35±5.10 23.65±4.20 0.781 

Defect size 24.62±6.54 24.65±5.84 0.987 

Hypertension at FU 3 18 (39.1%) 15 (48.4%) 0.421 

DM at FU 3 10 (21.7%) 8 (25.8%) 0.679 

Hypothyroidism at fu 3 6 (13%) 4 (12.9%) 0.986 

Lung disease at fu 3 4 (8.7%) 3 (9.7%) 0.883 

NYHA functional CLASS at long term follow up FU 3    

Class -1 42 (93.3%) 17 (54.8%) 0.003 

Class -2 or more  3 (6.7%) 14 (45.1%) 

Baseline Echo RVIDD 33.18±5.82 37.61±6.18 0.003 

Baseline ECHO PASP (mean) 55.36±11.87 74±13.68 <0.001 

Baseline ECHO RV dysfunction  0 1 (3.2%) * 

BASELINE CATH DATA  

PA systolic 51.91±13.34 68.13±3.76 <0.001 

PA diastolic 22.04±4.73 24.97± 6.91 0.045 

PA mean 33.22±5.57 39.90±7.40 <0.001 

AO systolic 128.72±19.09 143.29±22.79 0.005 

PASP/AO systolic 0.41±0.11 0.49±0.12 0.006 

QP/QS 2.35±0.89 1.91±0.84 0.032 

PVR (basal) 2.69±1.61 4.53±2.49 0.001 

SVR 20.35±6.65 24.08±7.59 0.030 

Number of patients with baseline PVR <3 WU 35 (76.1%) 9 (29%) <0.001 

Number of patients with baseline PVR 3-5 WU 6 (13%) 12 (38.7%) 

Number of patients with baseline PVR >5 WU 5 (10.9%) 10 (32.3%) 

 Number of Group 1 patients (Moderate PH)  40 (87%) 11 (35.5%) <0.001 

Number of group 2 patients (Severe PH) 6 (13%) 20 (64.5%) 

R RATIO 0.13±0.06 0.19±0.12 0.004 

RVIDD at FU 3 26.93±3.57 30.16±5.16 0.004 

Number of patients with RVIDD >= 28 mm at FU 
3 

20 (43.5%) 22 (71%) 0.018 

Fate of fenestration of device/ residual at FU 3 0 1 (3.2%) * 

Sinus rhythm at FU 3  42 (91.3%) 11 (61.1%) 0.156 

AF at FU 3  4 (8.7%) 5 (27.8%) 

PAH drugs at FU 3  0 4 (22.2%) * 
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Subgroup analysis at long term follow-up by categorizing the patients based on the 

pulmonary artery systolic pressure estimated by 2D echocardiography into 2 groups: No 

pulmonarty artery hypertension (PASP<40 mm Hg), pulmonarty artery hypertension present  

(PASP > 40 mm Hg), was done. There was no significant difference in the defect size, age at 

device closure among the two sub-groups. The baseline pulmonary artery pressures, PVR and 

PVR/SVR ratio, PASP/ Aorta systolic pressure ratio, RVIDD was higher in patients with 

persistence or presence of pulmonary artery hypertension at long term follow up which was 

statistically significant 

 

Long term follow-up characteristics: comparison between the ASD moderate PAH group 1 

and the ASD Severe PAH group 2: 

At the long-term follow- up in the ASD Severe PAH group, the average pulmonary artery 

systolic pressure was higher than that of the Moderate PAH group (P= 0.004) 

In ASD moderate PAH group, at long term follow up 78% (40/51) of patients had normalization 

of pulmonary artery systolic pressures as estimated by 2D echocardiography, 13.7% (7/51) had PA 

systolic pressures in mild to moderate PAH range, 7.8% (4/51) of patients had worsened  PA systolic 

pressures to severe PAH range, whereas in the ASD severe PAH group 23.4% (6/26) of patients had 

normalization of pulmonary artery systolic pressures, 69.2% (18.26) of patients had a decrease in PA 

systolic pressures into mild to moderate PAH range. 7.7% (2/26%) continued to have a persistently 

severe degree of PAH. There is a statistically difference between the two groups in the number of 

patients with normalization of pulmonary artery pressures at long term follow up. (P <0.001) 
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Table 25: Long term follow up characteristics: comparison of ASD moderate PAH group 
and ASD Severe PAH groups  

Parameters Moderate PAH group 
1 (N=51) 

Severe PAH group 2 
(N=26) 

P-value  

Duration of follow up (months) 84.33 ± 46.68 62.27 ± 32.88 0.019 

Echo RVIDD (mm) on long 
term follow up 

27.51 ± 4.12 29.65 ± 5.04 0.068 

ECHO RV dysfunction  
On long term follow up 

0 1 (3.8%) * 

Pulmonary artery systolic 
pressure echo (mm Hg) on 
long-term follow up 

37.29± 10.63 45.42 ± 11.57 0.004 

Number of patients with PASP 
<40 (n= 46) at long-term 

40 (78.4%) 6 (23.4%) <0.001 

Number of patients with PASP 
40-49 (n=18) at long-term 

4 (7.8%) 14 (50%) 

Number of patients with PASP 
50-59 (n= 7) at long-term 

3 (5.9%) 4 (14.3%) 

Number of patients with PASP 
60 or more (n= 6) at long-term 

4 (7.8%) 2 (7.1%) 

PAH drugs 3 (5.9%) 6 (23.1%) 0.026 

MACE 4 events (3 deaths, 1 
MI) 

1event  (HF 
hospitalisation) 

 

Mortality 3 (4.9%) 0 * 

*No test is performed due to zero subjects in the cells. 

 

Univariate analysis for the independent predictors of severe PAH (at baseline) prior to 

device closure in OS ASD patients 

Univariate analysis showed the independent predictors of severe PAH prior to device 

closure in OS ASD patients were baseline PVR, baseline PVR/SVR ratio, pulmonary artery 

systolic/ aorta systolic pressure ratio and on multivariate analysis the variables were baseline 

PVR baseline PVR/SVR ratio, pulmonary artery systolic/ aorta systolic pressure ratio.  Age at 

device closure and the defect size was not the independent predictors of severe PAH prior to device 

closure in OS ASD patients. 



 

61 
 

Table 26: Baseline variables associated with severe PAH (CATH - PASP >60 and/ or PA 
MEAN >40) at baseline (N=28)  

Severe PAH 
(N=28) 

Univariate factors Multivariate factors 

 Odds Ratio 95% C. I P-value Odds Ratio 95% C. I P-value 
Age at device 
closure 

1.013 0.981-1.046 0.416  

Defect size 1.012 0.942-1.086 0.749 

Baseline PVR 2.777 1.769-4.357 <0.001 2.695 1.344-5.404 0.005 

Baseline PASP/AO 
systolic pressure 

2497793.086 3650.17-
1709226374 

<0.001 90466.753 41.305-
198143311.4 

0.004 

Baseline R RATIO 85539122.32 8235.99-
8.884E+11 

<0.001  

Hypertension 0.856 0.339-2.167 0.744 
DM 0.730 0.234-2.274 0.587 
Hypothyroidism 1.993 0.533-7.187 0.292 

Lung disease 1.71 0.356-8.212 0.503 
BMI 0.918 0.833-1.011 0.082 

 

Correlation PASP (pulmonary artery systolic pressure) estimated by 2D echocardiography 
and cardiac catheterisation at baseline  
 
Figure 26: Scatter plot between PASO (Echo) and P PASP in the study population (N= 89) 

 
 
The baseline pulmonary artery pressures estimated by 2D echocardiography and measured by 

cardiac catheterization had a good correlation with correlation coefficient (r value) of 0.772.  
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Univariate analysis for predictors of normalisation of PASP on long-term follow-up. 

Univariate analysis showed Baseline PVR, Baseline PASP/AO systolic pressure, Baseline 

Resistance Ratio, Use of pulmonary vasodilators were independent predictors of normalisation of 

PASP on long-term follow-up. 

Table 27: Factors associated decrease in PASP to < 40 on long term follow up (N=46)  
 

Univariate factors 
 Odds Ratio 95% C. I P-value 
Age at device closure 0.983 0.954-1.012 0.983 
Defect size 0.989 0.926-1.057 0.752 
Baseline PVR 0.666 0.507-0.874 0.003 
Baseline PASP/AO systolic 
pressure 

0.002 0.0001-0.149 0.004 

Baseline R RATIO 0.0001 0.00001-0.073 0.006 
Hypertension 0.922 0.392-2.170 0.852 
DM 0.953 0.345-2.630 0.926 
Hypothyroidism 0.877 0.247-3.115 0.839 
Lung disease 1.270 0.267-6.033 0.764 
BMI 0.991 0.908-1.081 0.833 
Use of PAH drugs 11.912 1.439-98.590 0.022 

 

 

Table 28: Factors affecting elevated PASP of >=40 on long term follow up (N=31)  
 

Univariate factors 
 Odds Ratio 95% C. I P-value 
Age at device closure 1.018 0.988-1.048 0.242 
Defect size 1.011 0.946-1.080 0.752 
Baseline PVR 1.502 1.144-1.972 0.003 
Baseline PASP/AO systolic 
pressure 

458.026 6.707-31281.136 0.004 

Baseline R RATIO 9120.377 13.742-6053130.884 0.006 
Hypertension 1.085 0.461-2.554 0.852 
DM 1.049 0.380-2.896 0.926 
Hypothyroidism 1.140 0.321-4.048 0.839 
Lung disease 0.788 0.166-3.741 0.764 
BMI 1.009 0.925-1.102 0.833 
Use of PAH drugs 11.912 1.439-98.590 0.022 
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ROC CURVE ANALYSIS for Predictive validity of cardiac catheterisation parameters in 

predicting the persistence of PULMONARY HYPERTENSION at long term follow-up 

1. Predictive validity of  

 baseline pulmonary artery systolic pressure (P PASP),  

 baseline mean pulmonary artery pressure (P PAM) and   

 baseline pulmonary vascular resistance (PVR) - 

measured by cardiac catheterisation for predicting the persistence of pulmonary 

hypertension at long term follow-up - (PASP estimated by 2D echocardiography >40 

mm Hg = PAH present) at long term (ROC analysis):  

Figure 27: Predictive validity of Cath PASP, PAM, PVR in predicting long term PASP 
(ROC analysis) (N=77) 

 
Test Result 
variables 

Area Under the 
Curve 

Std. 
Error 

95% Confidence Interval of AUC 
P value 

Lower Bound Upper Bound 

P PASP (Cath) 0.849 0.044 0.762 0.935 <0.001 
P PAM (Cath) 0.792 0.055 0.685 0.900 <0.001 
P PVR (Cath) 0.765 0.056 0.655 0.874 <0.001 
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The optimal cut-off value was estimated by The Youden index (J) from the ROC curve. 

Table 29: Comparison of presence of pulmonary arterial hypertension at  long term with 
baseline cardiac catheterization data - P PASP, P PAM, PVR (N=77) 
 

Cath variables (baseline) 
cut-off value 

Long term PASP Chi 
square 

P 
value >=40 (N=31) <40 (N=46) 

P PASP 

>=50.5 mm Hg   30 (96.77%) 16 (34.78%) 
29.591 <0.001 

<50.5 mm Hg   1 (3.23%) 30 (65.22%) 

P PAM 

>=34.5 mm Hg   24 (77.42%) 11 (23.91%) 
21.385 <0.001 

<34.5 mm Hg   7 (22.58%) 35 (76.09%) 

PVR 

>=2.81 WU 23 (74.19%) 11 (23.91%) 
18.987 <0.001 

<2.81 WU 8 (25.81%) 35 (76.09%) 
 
 
Table 30:  Predictive validity of baseline cardiac catheterization data -P PASP, P PAM, 
PVR in predicting the long-term presence of pulmonary arterial hypertension (N=77) 
 

Parameter P PASP (Cath) P PAM (Cath) PVR (Cath) 

Sensitivity 
96.77% 

(83.30%-99.92%) 
77.42%  

(58.90%-90.41%) 
74.19% 

(55.39%-88.14%) 

Specificity 
65.22% 

(49.75%-78.65%) 
76.09% 

(61.23%-87.41%) 
76.09% 

(61.23%-87.41%) 

False positive rate 
34.78% 

(21.35%-50.25%) 
23.91% 

(12.59%-38.77%) 
23.91% 

(12.59%-38.77%) 

False negative rate 
3.23% 

(0.08%-16.70%) 
22.58% 

(9.59%-41.10%) 
25.81% 

(11.86%-44.61%) 

Positive predictive value 
65.22% 

(49.75%-78.65%) 
68.57% 

(50.71%-83.15%) 
67.65% 

(49.47%-82.61%) 

Negative predictive value 
96.77% 

(83.30%-99.92%) 
83.33% 

(68.64%-93.03%) 
81.40% 

(66.60%-91.61%) 

Diagnostic accuracy 
77.92% 

(67.02%-86.58%) 
76.62% 

(65.59%-85.52%) 
75.32%  

(64.18%-84.44%) 

Positive likelihood ratio 
2.78 

(1.7-19.353) 
3.24 

(1.54-6.337) 
3.10 

(1.44-5.759) 

Negative likelihood ratio 
0.05 

(0-0.344) 
0.30 

(0.03-0.581) 
0.34 

(0.04-0.63) 
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Predictive validity of baseline pulmonary artery systolic pressure (P PASP), measured by cardiac 

catheterisation for predicting the persistence of pulmonary hypertension at long term follow-up 

ROC analysis showed that baseline pulmonary artery systolic pressure measured by cardiac 

catheterisation prior to device closure [AUC= 0.849, 95% Confidence Interval: 0.762 to 0.935, P value 

<0.001] was able to predict the persistence of pulmonary hypertension at long term follow-up, with   

>= 50.5 mm Hg as the optimal cut-off having 96.77% sensitivity and 65.22% specificity. 

 

Predictive validity of baseline mean pulmonary artery pressure (P PAM) measured by cardiac 

catheterisation for predicting the persistence of pulmonary hypertension at long term follow-up 

ROC analysis showed that baseline pulmonary artery mean pressure measured by cardiac 

catheterisation prior to device closure [AUC= 0.792, 95% Confidence Interval: 0.685 to 0.900, P value 

<0.001] was able to predict the persistence of pulmonary hypertension at long term follow-up, with   

>=34.5 mm Hg as the optimal cut-off having 77.42% sensitivity and 76.09% specificity. 

 

Predictive validity of baseline pulmonary vascular resistance (PVR), measured by cardiac 

catheterisation for predicting the persistence of pulmonary hypertension at long term follow-up 

ROC analysis showed that baseline pulmonary vascular resistance (PVR) measured by 

cardiac catheterisation prior to device closure [AUC= 0.765, 95% Confidence Interval: 0.655 to 0.874, 

P value <0.001] was able to predict the persistence of pulmonary hypertension at long term follow-

up, with   >=2.81 WU as the optimal cut-off having 74.19% sensitivity and 76.09% specificity. 
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2. Predictive validity of  

 baseline ratio of pulmonary artery systolic pressure to systolic aortic pressure and  

 baseline resistance ratio (PVR/SVR ratio) - 

measured by cardiac catheterisation for predicting the persistence of pulmonary 

hypertension at long term follow-up (PASP estimated by 2D echocardiography > 40 

mm Hg = PAH present) at long term (ROC analysis):  

 
Figure 28: Predictive validity of Cath PASP/AORTA systolic pressure ratio , Resistence 
ratio (R Ratio) in  predicting the long-term presence of pulmonary arterial hypertension 
(N=77) (ROC analysis)  

 
 
 

Test Result 
variables 

Area Under the 
Curve 

Std. 
Error 

95% Confidence Interval of AUC 
P value 

Lower Bound Upper Bound 

PASP/AORTA 
Systolic (Cath) 

0.716 
0.059 0.61 0.831 0.001 

R Ratio (Cath) 
0.688 

0.063 0.564 0.811 
0.005 

 
 
 
The optimal cut-off value was estimated by The Youden index (J) from the ROC curve. 
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Table 31: Comparison presence of pulmonary arterial hypertension at long term with 

baseline cardiac catheterization data with Cath PASP/AORTA systolic, R Ratio (N=77) 

 

Cath variables (baseline) 
cut-off value 

Long term PASP Chi 
square 

P 
value >=40 (N=31) <40 (N=46) 

Cath PASP/AORTA systolic 

>=0.3878 25 (80.65%) 19 (41.3%) 
11.704 <0.001 

<0.3878 6 (19.35%) 27 (58.7%) 

R Ratio 

>=0.1264 24 (77.42%) 20 (43.48%) 
8.712 0.003 

<0.1264 7 (22.58%) 26 (56.52%) 
 
Predictive validity of baseline ratio of pulmonary artery systolic pressure to systolic aortic pressure, 

measured by cardiac catheterisation for predicting the persistence of pulmonary hypertension at 

long term follow-up 

ROC curve analysis showed baseline ratio of pulmonary artery systolic pressure to systolic 

aortic pressure measured by cardiac catheterisation prior to device closure [AUC= 0.716, 95% 

Confidence Interval: 0.61 to 0.831, P value 0.001] was able to predict the persistence of pulmonary 

hypertension at long term follow-up with value >= 0.39 as the optimal cut-off having 80.65% 

sensitivity and 58.7% specificity. 

Predictive validity of baseline resistance ratio (PVR/SVR ratio) , measured by cardiac 

catheterisation for predicting the persistence of pulmonary hypertension at long term follow-up 

ROC curve analysis showed baseline resistance ratio (PVR/SVR ratio) measured by cardiac 

catheterisation prior to device closure [AUC= 0.688, 95% Confidence Interval: 0.564 to 0.811, P value 

0.005] was able to predict the persistence of pulmonary hypertension at long term follow-up, with   

value >= 0.13 as the optimal cut-off having 77.42% sensitivity and 56.52% specificity. 
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Table 32: Predictive validity of Cath PASP/AORTA systolic, R Ratio in predicting in 

predicting the long-term presence of pulmonary arterial hypertension (N=77) 

 

Parameter 
Cath PASP/AORTA 

systolic 
R Ratio 

Sensitivity 
80.65% 

(62.53%-92.55%) 
77.42% 

(58.90%-90.41%) 

Specificity 
58.70% 

(43.23%-73%) 
56.52% 

(41.11%-71.07%) 

False positive rate 
19.35% 

(7.45%-37.47%) 
43.48% 

(28.93%-58.89%) 

False negative rate 
19.35% 

(7.45%-37.47%) 
22.58% 

(9.59%-41.10%) 

Positive predictive value 
56.82% 

(41.03%-71.65%) 
54.55% 

(38.85%-69.61%) 

Negative predictive value 
81.82% 

(64.54%-93.02%) 
78.79% 

(61.09%-91.02%) 

Diagnostic accuracy 
67.53% 

(55.90%-77.77%) 
64.94% 

(53.22%-75.47%) 

Positive likelihood ratio 
1.95 

(1.18-4.168) 
1.78 

(1.07-3.583) 

Negative likelihood ratio 
0.33 

(0.01-0.704) 
0.40 

(0.02-0.804) 
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ROC CURVE ANALYSIS for Predictive validity of cardiac catheterisation parameters in 

predicting the persistence/ presence of SEVERE PULMONARY HYPERTENSION at long 

term follow-up 

A. Predictive validity of  

 baseline pulmonary artery systolic pressure (P PASP),  

 baseline mean pulmonary artery pressure (P PAM) and   

 baseline pulmonary vascular resistance ( P PVR)  

measured by cardiac catheterisation for predicting the persistence/presence  of severe 

pulmonary hypertension at long term follow-up - (PASP estimated by 2D 

echocardiography >60 mm Hg  =  PAH present) at long term (ROC analysis):  

Figure 29: Predictive validity of cardiac catheterisation parameters PASP, PAM, PVR in 
predicting the persistence/ presence of SEVERE PULMONARY HYPERTENSION at long 
term follow-up 

 
Test Result 
variables 

Area Under the 
Curve 

Std. 
Error 

95% Confidence Interval of AUC 
P value 

Lower Bound Upper Bound 

P PASP (Cath) 0.648 0.117 0.418 0.877 0.231 
P PAM (Cath) 0.552 0.145 0.267 0.836 0.676 

P PVR (Cath) 0.730 0.090 0.554 0.907 0.063 
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ROC curve analysis showed the Area Under Curve (AUC)   for baseline pulmonary 

artery systolic pressure (P PASP), and baseline mean pulmonary artery pressure (P PAM) in 

predicting the persistence/ presence of severe pulmonary hypertension at long term follow-up is 

not significant, (lower bound of confidence interval is <0.5)  probably due to underpower of the 

study in predicting severe PAH at long term follow-up. 

ROC curve analysis showed the Area Under Curve (AUC) for baseline pulmonary 

vascular resistance (PVR) in predicting the persistence/ presence of severe pulmonary 

hypertension at long term follow-up is [AUC= 0.730, 95% Confidence Interval: 0.554 to 0.907, 

P value 0.063]. though the P value is 0.063, the lower bound of the AUC is 0.554 which is 

greater than 0.5, so this is considered significant. 

The optimal cut-off value for baseline pulmonary vascular resistance (PVR) was 

estimated by The Youden index (J) from the ROC curve. 

Table 35: Comparison presence of severe pulmonary arterial hypertension at long term 

with baseline cardiac catheterization data with PVR (N=77) 

 
 
Cath variable 
(baseline) PVR 
 Cut-off value 

Long term PASP 
Chi square P value 

>=60 (N=6) <60 (N=71) 

>=4.15 WU 4 (66.67%) 17 (23.94%) 
5.091 0.024 

<4.15 WU  2 (33.33%) 54 (76.06%) 

 
 
Predictive validity of baseline pulmonary vascular resistance (PVR), measured by cardiac 

catheterisation for predicting the persistence of severe pulmonary hypertension at long term 

follow-up 

ROC analysis showed that baseline pulmonary vascular resistance (PVR) measured by 

cardiac catheterisation prior to device closure [AUC= 0.730, 95% Confidence Interval: 0.554 to 0.907]. 
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was able to predict the persistence of severe pulmonary hypertension at long term follow-up, with   

>=4.15 WU as the optimal cut-off having 66.6% sensitivity and 76.06 % specificity. 

 
Table 36: Predictive validity of baseline cardiac catheterization data - PVR in predicting 

the long-term presence of severe pulmonary arterial hypertension (N=77) 

 
Parameter PVR (Cath) 

Sensitivity 
66.67% 

(22.28%-95.67%) 

Specificity 
76.06% 

(64.46%-85.39%) 

False positive rate 
23.94% 

(14.61%-35.54%) 

False negative rate 
33.33% 

(4.33%-77.72%) 

Positive predictive value 
19.05% 

(5.45%-41.91%) 

Negative predictive value 
96.43% 

(87.69%-99.56%) 

Diagnostic accuracy 
75.32% 

(64.18%-84.44%) 

Positive likelihood ratio 
2.78 

(0.43-8.698) 

Negative likelihood ratio 
0.44 

(0.06-1.369) 
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DISCUSSION: 

We conducted a retrospective observational study to assess the change in pulmonary artery 

pressures estimated by 2D echocardiography at early, intermediate, and long-term follow-up in 

ostium Secundum atrial septal defect (OS ASD) patients with moderate and severe pulmonary 

hypertension who underwent ASD device closure.  

After device closure in patients with OS ASD with moderate or severe pulmonary 

hypertension, it is not clear what fraction of patients have complete normalization pulmonary 

artery pressures or continue to have persistently elevated pulmonary artery pressures on long-term 

follow-up.  

All patients with ostium secundum ASD with Pulmonary artery mean pressure > 30 mm 

Hg or pulmonary artery systolic pressure > 50 mm Hg, as documented by right heart 

catheterization prior to ASD device closure, were included in the study. Patients were categorized 

based on cardiac catheterization data into moderate pulmonary arterial hypertension 

(moderate PAH group- if mean PA pressure is between 30 - 40 mm Hg or PA systolic pressure 

is between 50 – 60 mm Hg) and severe pulmonary arterial hypertension group (severe PAH 

group-if mean PA pressure is >40 mm Hg or PA systolic pressure is >60 mm Hg). The mean 

follow-up duration for early, intermediate, and long-term follow-ups were 1.5 months, 16.3 

months, 76.9 months, respectively. 

The mean age of patients with OS ASD with moderate or severe pulmonary hypertension 

was 45.52 years (more than 40 years) which is consistent with multiple previous studies.(13,16,43) 

The mean age of the ASD moderate PAH group was 44.66 ± 15.83 years; group 2 was 47.39 ± 

12.15 years. However, the mean age of the ASD Severe PAH group was slightly higher than ASD 

Moderate PAH group but not statistically significant (P 0.375). 
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There was female preponderance with a ratio of 2.4:1 in the study, which is slightly higher 

than that described in the literature (2:1).  

The mean ASD size measured by transthoracic echo (TTE) and transoesophageal echo 

(TEE) of the whole cohort was 22.07 mm and 24.83 mm, respectively. There was no statistically 

significant difference in the size of the defect between ASD moderate PAH group and ASD Severe 

PAH group (by TTE 21.63 ± 5.97mm versus 23 ± 5.88 mm respectively and by TEE was 24.68 ± 

6.53 versus 25.14 ± 5.96 respectively). Similar to the older studies, there was no correlation 

between the ASD size and severity of pulmonary arterial hypertension. 

 In multiple older studies which have taken cut-off values for defining pulmonary 

hypertension as either PASP > 40 mm Hg or mean pulmonary artery pressure > 25 mm Hg  

(13,16,35,40,43–45), the mean/median defect size was more than 18 mm. However, in one 

study(17), the mean + standard deviation of the defect size was 13+ 4 mm. 

The age at device closure, the defect size, presence of diabetes, systemic hypertension, 

hypothyroidism, lung disease were not independent predictors of severe PAH at baseline. 

Univariate analysis showed the independent predictors of severe PAH prior to device 

closure in OS ASD patients were baseline PVR, baseline PVR/SVR ratio, pulmonary artery 

systolic/ aorta systolic pressure ratio, and on multivariate analysis, the variables were baseline 

PVR, baseline PVR/SVR ratio, pulmonary artery systolic/ aorta systolic pressure ratio.  

The predominant symptom was dyspnoea, followed by palpitations which is consistent 

with previous studies(13,16) 

Percutaneous device closure in a selected group of patients with ostium secundum ASD 

associated with moderate or severe pulmonary arterial hypertension can be done successfully with 

favorable outcomes. This study had a procedural success rate of 100%. There was only one 
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incidence of immediate device embolization, which was successfully snared, and a bigger size 

device was deployed successfully.  

Change in pulmonary artery pressures at follow up: 

There was a significant fall in pulmonary artery systolic pressures after device closure in ASD 

patients with moderate or severe PAH at early, intermediate and long-term follow-up. This decrease in 

pulmonary artery pressures is consistent with findings seen in other studies.(13,16,17,35,44) 

Univariate analysis showed Baseline PVR, Baseline PASP/AO systolic pressure ratio , 

Baseline Resistance Ratio(PVR/SVR ratio), Use of pulmonary vasodilators were independent 

predictors of normalisation of PASP on long-term follow-up. The age at device closure and the 

defect size were not independent predictors of normalisation of PASP on long-term follow-up. 

The mean of (PASP) pulmonary artery systolic pressures as estimated by 2D echocardiography 

at long-term follow-up in ASD moderate PAH group was 37.29± 10.63 lower than that in ASD severe 

PAH group was 45.42 ± 11.57 with a statistically significant difference. 

In the whole study cohort, about 60% (46/77) of the patients had normalization of pulmonary 

artery systolic pressures as estimated by 2D echocardiography at long-term follow-up, which is 

consistent with a previous study(13). 7.7% (6/77) patients had pulmonary artery systolic pressures >60 

mm Hg at long-term follow-up. The remaining 32.4% (25/77) patients had PA systolic pressures in the 

mild to moderate PAH range. 

In ASD moderate PAH group, at long term follow up 78% (40/51) of patients had 

normalization of pulmonary artery systolic pressures as estimated by 2D echocardiography, 13.7% 

(7/51) had PA systolic pressures in mild to moderate PAH range, 7.8% (4/51) of patients had worsened  

PA systolic pressures to severe PAH range, whereas in ASD severe PAH group 23.4% (6/26) of 

patients had normalization of pulmonary artery systolic pressures, 69.2% (18.26) of patients had a 
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decrease in PA systolic pressures into mild to moderate PAH range. 7.7% (2/26%) continued to have a 

persistently severe degree of PAH. 

There was a statistically significant difference between ASD moderate PAH group and ASD 

severe PAH with respect to normalization of (PASP) pulmonary artery systolic pressures as estimated 

by 2D echocardiography at long-term follow-up. However, on long-term follow-up in ASD severe PAH 

group, 71.4% (20/ 26) of patients had PASP dropped (estimated by 2D echo) to mild pulmonary 

hypertension level, which was statistically significant when compared to their baseline.  These results 

are similar to the recent studies(13,46) which showed that normalization of (PASP) pulmonary artery 

systolic pressures (<40 mm Hg) as estimated by 2D echocardiography at long-term follow-up was seen 

in most of the patients mild or moderate PAH after atrial septal device closure but normalization of 

PASP) pulmonary artery systolic pressures is < 25% in patients with ASD severe pulmonary 

hypertension (baseline PASP >60 mm Hg). 

In the whole study cohort, among the six patients who had pulmonary artery systolic pressures 

>60 mm Hg at long-term follow-up, two patients belonged to ASD severe PAH group, and their PVR 

at baseline was more than 6 WU. The remaining four patients had worsened pulmonary artery pressures 

on long term follow up, belonged to ASD moderate PAH group at baseline; among these four, two 

patients had other associated contributory factors for PAH (uncontrolled chronic bronchial asthma in 

one, in another pulmonary artery pressures worsened after chronic asthmatic pregnancy & delivery. 

However, there was no evidence of pulmonary thromboembolism, but the underlying autoimmune 

disease was suspected as antinuclear antibody (ANA) test was positive. The third patient had borderline 

operability (PVR between 3-5 WU) with PVR of 4.7 WU and PASP of 60 mm Hg at baseline cardiac 

catheterization and was not on any pulmonary vasodilator medications. 

In this study, ROC curve analysis showed that baseline pulmonary artery systolic pressure 

measured by cardiac catheterisation prior to device closure [AUC= 0.849, 95% Confidence Interval: 

0.762 to 0.935, P value <0.001] was able to predict the persistence of pulmonary hypertension at long 
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term follow-up, with >= 50.5 mm Hg as the optimal cut-off having 96.77% sensitivity and 65.22% 

specificity. In another study by Wang et al.(40)  it was shown by ROC analysis that, if the baseline 

RVSP > 46 mm Hg, the normalization of pulmonary artery pressures is less likely at long term follow-

up period of 84+45 months. 

In this study, ROC curve analysis showed that baseline pulmonary artery mean pressure 

measured by cardiac catheterisation prior to device closure [AUC= 0.792, 95% Confidence Interval: 

0.685 to 0.900, P value <0.001] was able to predict the persistence of pulmonary hypertension at long 

term follow-up, with   >=34.5 mm Hg as the optimal cut-off having 77.42% sensitivity and 76.09% 

specificity. In another study by Wang et al.(40)  it was shown by ROC analysis that the baseline mean 

pulmonary artery pressure > 42 mm Hg was the best cut-off for the predicting the persistence of 

pulmonary hypertension at long term follow-up period of 84+45 months. 

In this study, ROC curve analysis showed that baseline pulmonary vascular resistance (PVR) 

measured by cardiac catheterisation prior to device closure [AUC= 0.765, 95% Confidence Interval: 

0.655 to 0.874, P value <0.001] was able to predict the persistence of pulmonary hypertension at long 

term follow-up, with >=2.81 WU as the optimal cut-off having 74.19% sensitivity and 76.09% 

specificity. In another study by Wang et al.(40)  PVRI (pulmonary vascular resistance INDEX) was 

used instead of PVR and it was shown by ROC analysis that the baseline pulmonary vascular 

resistance index > 5.69 WU.m2 was the best cut-off for the predicting the persistence of pulmonary 

hypertension at long term follow-up period of 84+45 months. 

In this study, ROC analysis showed that baseline pulmonary vascular resistance (PVR) 

measured by cardiac catheterisation prior to device closure [AUC= 0.730, 95% Confidence Interval: 

0.554 to 0.907]. was able to predict the persistence of severe pulmonary hypertension at long term 

follow-up, with   >=4.15 WU as the optimal cut-off having 66.6% sensitivity and 76.06 % specificity. 
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NYHA functional class:  

The functional class of the patients improved after device closure on early follow-up, and 

the improvement was sustained at intermediate and long-term follow-up. Only two patients had 

worsening functional class. The improvement in NYHA class has been reported in multiple older 

studies.(13,16,17,35,40,45) Our study also confirmed the same. After device closure, the reduction 

in right ventricular volume overload and improvement in left ventricular diastolic function could 

be the reason for the improvement in NYHA class.   

 

Prevalence of atrial fibrillation:   

All patients who had atrial fibrillation were more than 40 years of age at the time of device 

closure. This is consistent with the previous studies, which showed that the prevalence of atrial 

fibrillation is uncommon in less than 40 years of age; the incidence increases with an increase in 

age.(25,26,28) 

In the whole study cohort, Atrial fibrillation (AF) was seen in 10.1 % (9/89) of patients at 

baseline, in 11.2% (10/89) of patients at early follow-up, 8.1% (7/86) of patients at intermediate follow 

up, in 13% (10/77) of patients at long term follow up. New-onset AF was seen in (2/77) 2.6% of 

patients. One patient had new-onset atrial bigeminy. 

In ASD moderate PAH group, 9.8% (6/61) of patients had AF at baseline. Two patients 

with AF at baseline reverted to sinus rhythm after treatment; however, recurrence of AF was seen 

in one of them at further follow-up visits. Two patients in group 1 had new-onset AF on early 

follow up which got reverted to sinus rhythm after treatment.  

In ASD severe PAH group, 10.7% (3/28) of patients had AF at baseline. In group 2, one 

patient with AF at baseline developed a complete heart block on follow-up and underwent 

permanent pacemaker insertion. Two patients had new-onset AF in this group. 
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The prevalence of atrial fibrillation in the whole study cohort was lower compared to other 

similar studies.(13,16) This difference could be due to the lower mean of age of the present study 

population compared to other similar studies. 

Previous studies (25,26) have shown the incidence of AF increases with an increase in 

severity of the PAH; however, in the present study, there was no significant difference in the 

prevalence of atrial fibrillation between the ASD moderate PAH group and severe ASD PAH 

group. In another study(16), there was a decrease in the prevalence of AF at long-term follow-up 

compared to baseline and was attributed to the corresponding reduction in the PA pressures at 

long-term follow-up. Such observation was not seen in the present study, probably because the 

proportion of patients with AF is less in the present study. 

Major Adverse Cardiac and Cerebrovascular Events (MACCE) and mortality at long term follow 

up: 

Five MACCE events (5/89, 5.6%) occurred in the study cohort on long-term follow-up 

(mean 76.9 months), which were three deaths, one Myocardial infarction, one heart failure 

hospitalization. Causes of death were massive GI bleed with refractory shock and acute kidney 

injury due to oral anticoagulation for AF in one patient, stroke in one patient. 

Use of pulmonary vasodilators: 

In the whole study cohort, 10/ 89 patients (11.2%) were patients at baseline, 8/89 (9%) at 

early follow-up, 9/86 (10.6%), at intermediate follow up and (9/77) 11.7% at long-term follow up 

were using pulmonary vasodilators. Univariate analysis showed that the use of pulmonary 

vasodilators was independent predictor of normalisation of PASP on long-term follow-up. 

The pulmonary vasodilators were stopped after device closure in three patients. One patient 

using pulmonary vasodilators at baseline had lost for long-term follow-up. Three patients were 

newly started on pulmonary vasodilators on follow-up due to worsening severity of pulmonary 
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artery hypertension. The pulmonary vasodilator commonly used was sildenafil.  One patient used 

tadalafil. One patient used combination treatment (sildenafil with ambrisentan) at baseline. At the 

same time, two patients used combination treatment (sildenafil with ambrisentan) at long-term 

follow-up. 

On long term follow up, four patients in the moderate PAH group had an increase in PASP 

to severe PAH level, three of them were started on pulmonary vasodilators (Two patients had 

contributory factors for pulmonary hypertension, which were poorly controlled chronic asthma in 

one patient, another patient with chronic asthma had worsening PA pressures at follow up after 

delivery with suspected autoimmune disease (Antinuclear antibodies positive). The third patient, 

who was newly started on pulmonary vasodilators at early follow-up, did not come for further 

follow-ups.  

Other variables: 

The right ventricular internal diameter in diastole (RVIDD) reduced significantly from 

baseline to early follow up which is consistent with other studies(17,35) that have shown right 

ventricular remodelling with improvement in RV dimensions post-ASD device closure 

The severity of tricuspid regurgitation reduced on long term follow up due to right 

ventricular remodelling, which is similar to a previous study(17,35) 

There was no incidence of device migration, device erosion, infective endocarditis at long-

term follow-up in the study cohort. 
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LIMITATIONS 

1. This is a retrospective observational study, and it focussed mainly on the pattern of change in 

pulmonary artery systolic pressures in OS ASD patients with moderate or severe pulmonary 

hypertension.   

2. Pulmonary vasodilators were not uniformly used in all patients with PVR > 5 wood units or 

PASP> 60 mm Hg, or PA mean>40). If they were used with a uniform protocol, more patients 

from ASD severe PAH group might have had a further reduction of pulmonary artery pressures. 

3. As it was a retrospective study, there was no uniform protocol for using the fenestrated device. 

4. The dimensions of the right ventricle in apical four-chamber view were not taken, the 

measurement of RV internal diameter in diastole in parasternal long-axis view was done, other 

dimensions in apical four-chamber were not taken, and also another parameter of right 

ventricular function like RV fractional area change was not assessed in all patients. 

5. All patients did not come for long-term follow-up.  (86.5% (77/89) patients had long-term 

follow-up.) 

6. The follow-up assessment of pulmonary artery pressures was done by 2D echocardiography 

only, not cardiac catheterization. However, the baseline pulmonary artery pressures estimated 

by 2D echocardiography and measured by cardiac catheterization had a good correlation, and 

also cardiac catheterization at follow-up only to measure pulmonary artery pressures is not the 

standard/ appropriate indication.  
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CONCLUSIONS 

Transcatheter device closure in selected ostium secundum patients with moderate PAH or 

severe PAH with suitable anatomy and favorable hemodynamic study can be done successfully and has 

very good outcomes. There is a significant improvement in pulmonary artery pressures at early follow-

up with further improvement at intermediate and long-term follow-ups. The normalization of 

pulmonary artery pressures was not seen in all the patients.  At the long-term follow-up, the proportion 

of patients with normal pulmonary artery pressures is significantly higher in ASD moderate PAH group 

compared to ASD severe PAH group.   However, the majority of patients in the ASD severe PAH group 

had pulmonary artery pressures decreasing to mild pulmonary hypertension level. There can be a risk 

of worsening pulmonary artery pressures in a small fraction of patients, especially if associated with 

any contributory risk factors for pulmonary hypertension. The use of pulmonary vasodilators in the 

presence of severe PAH after device closure would be beneficial and will further reduce the pulmonary 

artery pressures.  
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APPENDIX 1 : INSTITUTIONAL ETHIC COMMITTEE APPROVAL 
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APPENDIX 2: DATA COLLECTION PROFORMA 

PROFORMA 

Subject ID No:                                                                   Name: 

Age:                                                                            Sex:                     

Weight:                            Height:                            BSA:                                             BMI 

Symptoms  and duration    NYHA class   

size of the ASD:                                                   Any additional ASD  

arrhythmias                                                         other risk factors for PAH 

ECG 

Chest  X ray:  
 
echo parameters at base line 

RV function 
RA/RV volume overload 
TR 
PASP 
Mean PA pressure 
LV function 
MR 
use of cardiac medications: 

 pulmonary vasodilators before device closure or at baseline 
 any other medications 

 

Cardiac catheterization: 

Parameter  baseline Post  AVT  
(acute vasoreactivity test) 

Pressures   
AORTA   
RA   
RV   
PA   
LA   
calculations   
Qp/Qs   
PVR   
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SVR   
PVRI   
SVR   
PVR/SVR ratio   

 

ASD DEVICE CLOSURE PROCEDURAL CHARACTERISTICS: 

 Size of the device: 
 Fenestration of device done or not: 
 Any complications 
 Any Device migration 

FOLLOW-UP:  data at followup 

 NYHA functional class 
 echo parameters at follow up 

RV function 
   - TAPSE 
   - RV FAC 
RVIDd  
TR 
RVSP 
Mean PA pressure 
LV function 
MR 
Status of fenestration shunt if fenestrated device was used 

 Arrhythmias 
 Use of pulmonary vasodilators at follow up  
 Any other cardiac medications. 
 MACCE (cardiac events, heart failure hospitalisation, stroke) 
 Device migration 
 Device erosion 
 Infective endocarditis  
 Any mortality 
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APPENDIX 3: CONSENT FORM- ENGLISH 

SREE CHITRA THIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY, 
TRIVANDRUM 

DEPARTMENT OF CARDIOLOGY 

PATIENT INFORMATION SHEET 

 

Study Title: “ Long term outcomes of transcatheter device closure of ostium secundum 
Atrial Septal Defect with moderate and severe pulmonary hypertension”. 
 
Name of the Investigators: 
Dr. Gurajala Venkatesh, Dr. K.M. Krishnamoorthy, Dr. Deepa Sasi Kumar 
Dr. Arun Gopalakrishnan, Dr. Hari Krishnan. K.N 

Dear Subject, 
We welcome you and thank you for your interest in this research project titled “ Long term 
outcomes of transcatheter device closure of ostium secundum Atrial Septal Defect with 
moderate and severe pulmonary hypertension”. Before you participate in this study, it is 
important for you to understand why this research is being carried out. This form will provide 
you all the relevant details of this research. It will explain the nature, the purpose, the benefits, 
the risks, the discomforts, the precautions and the information about how this project will be 
carried out. It is important that you read and understand the contents of the form carefully. 
This form may contain certain scientific terms and hence, if you have any doubts or if you want 
more information, you are free to ask the study personnel or the contact person mentioned 
below before you give your consent and also at any time during the entire course of the 
project. 
What is the Study about? 
To assess pulmonary artery pressures and right ventricular function, in post atrial septal defect 
device closure in patients by 2D echocardiography. 
If you take part what will you have to do? 
You need to tell us about symptoms of your disease, allow us to collect your data (History, 
Clinical and ECHO reports) from electronic medical records. You need to undergo ECG and 2D 
ECHO during your regular followup. 
How long does it take? 
During your OPD visit assessment will take 15 minutes & ECG and 2D ECHO will take 15 to 30 
minutes. 
Will you have to pay for above tests? 
These tests are part of your routine care and amount paid for the tests would be the amount 
decided by hospital as for all general patients at that time. 
Is there any risk or benefit for this study? 
There are no risks involved in the study, echocardiography is safe non-invasive procedure. If on 
evaluation any reports are abnormal you will receive treatment according to the standard 
operating procedure of the hospital for which you have to pay for the hospital and this is not 
part of the study. 
Can you withdraw from this study after it starts? 
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Your participation in this study is entirely voluntary and you are also free to decide to withdraw 
permission to participate in this study. If you do so, this will not affect your usual treatment. 
What happens after the study is over? 
2D Echo report will be available for your use and it will be stored in EMR in your Hospital I.D. 
Will participants be compensated for participation in this study? 
You will not be paid for participation in the study. 
Will your personal details be kept confidential? 
The results of this study will be published in a medical journal but you will not be identified by 
name in any publication or presentation of results. However, your medical notes may be 
reviewed by people associated with the study. 
If you have any further questions, please ask Dr. Gurajala Venkatesh, Post Doctoral Fellow in 
Paediatric cardiology, Department of Cardiology, SCTIMST (Tel: 8884633567) or 
email: drgvn7@gmail.com or drgvn7@sctimst.ac.in 
 
 
For any clarifications regarding the study’s ethics clearance you may contact the Member 
Secretary of the SCTIMST-IEC. The phone number is: 91-471-2524-234 and the email id is 
iec.mem.sec@sctimst.ac.in 
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SREE CHITRA THIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY, 
TRIVANDRUM 

DEPARTMENT OF CARDIOLOGY 
 

CONSENT FORM FOR ADULT PATIENTS (FOR AGE ≥ 18 YRS) 
 
 
Study Title: “Long term outcomes of transcatheter device closure of ostium secundum Atrial 
Septal Defect with moderate and severe pulmonary hypertension” 
 
 
Participant’s name: ____________________________________ Age: _____Y_____M; Sex: M / 
F 
I (Name of Participant/ Parent / Guardian)_________________________________________ 
aged (in years) _________ son/daughter of 
______________________________________________ 
 
 
(Please tick boxes). 
[ ] Declare that I have read the above information provided to me regarding the study: : “ Long 
term outcomes of transcatheter device closure of ostium secundum Atrial Septal Defect with 
moderate and severe  pulmonary hypertension” and have clarified any doubts that I had. 
 
[ ] I also understand that my participation in this study is entirely voluntary and that I am free 
to withdraw permission to continue to participate at any time without affecting my usual 
treatment or my legal rights. 
[ ] I understand that the study staff and institutional ethics committee members may not need 
my permission to look at my health records even if I withdraw from the trial. I agree to this 
access. 
[ ] I understand that my identity may not be revealed in any information released to third 
parties or published. 
[ ] I voluntarily agree to take part in this study. 
[ ] I received a copy of this signed consent form. 
 
 
 
 
 
Name:                                                                                             Name & Signature of witness: 
Signature:                                                                                       Relation to participant 
Date:                                                                                                Date: 
==============================================================================
==== 
I attest that the requirements for informed consent for the medical research project described 
in this form have been satisfied. I have discussed the research project with the participant and 
explained to him or her in nontechnical terms all of the information contained in this informed 
consent form, including any benefits and risk that may reasonably be expected to occur. I 
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further certify that I encouraged the participant to ask questions and that all questions asked 
were answered. 
 
                                                                              
                                                                           
 

   Name and Signature of Person obtaining consent: 
                                                                                    Dr. Gurajala Venkatesh 
                                                                           Fellow in Paediatric cardiology  (PDF),  
Date:                                                                        Dept. of Cardiology, SCTIMST. 
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SREE CHITRA THIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY, 
TRIVANDRUM 

DEPARTMENT OF CARDIOLOGY 
 

STUDY ASSENT FORM (for age group :13-17 YEARS) 
 

Study Title: “ Long term outcomes of transcatheter device closure of ostium secundum Atrial 
Septal Defect with moderate and severe pulmonary hypertension” 
 
Participant’s name:                                          Date of Birth / Age (in years):  

 

I _____________________________________________________________ ___________, 
FATHER/MOTHER/LEGAL GUARDIAN of ___________________________________ (Please tick 
boxes).   

 
[ ] Declare that I have read the above information provide to me regarding the study “ Long 

term outcomes of transcatheter device closure of ostium secundum Atrial Septal Defect with 

moderate and severe  pulmonary hypertension”and have clarified any doubts that I had.   

[ ] I also understand that the participation of my child in this study is entirely voluntary and that 
I am free to withdraw permission to continue to participate at any time without affecting my 
usual treatment or my legal rights.  

[ ] I understand that the study staff and institutional ethics committee members may be not 
need my permission to look at my child’s health records even if I withdraw consent from the 
study. I agree to this access. 
[ ] I understand that my child’s identity may be not be revealed in any information released to 
third parties or published.  

[ ] I voluntarily agree for my child to take part in this study.  

[ ] I received a copy of this signed consent form.  

 
 

Name:                                                                                   Signature of witness:   
Signature:                                                                             Name of witness: 
Date:                                                                                     Date: 
 
FOR PARTICIPANT 
 
I, _______________________ (Name of participant) __________(Hosp No)_____(Age) 
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[ ] Declare that I have read the above information provide to me regarding the study “ Long 

term outcomes of transcatheter device closure of ostium secundum Atrial Septal Defect with 

moderate and severe  pulmonary hypertension”and have clarified any doubts that I had.   

 
[ ] I also understand that my participation in this study is entirely voluntary and that I am free to 
withdraw permission to continue to participate at any time without affecting my usual treatment or 
my legal rights.  
 
[ ] I understand that the study staff and institutional ethics committee members may be not need my 
permission to look at my health records even if I withdraw consent from the study. I agree to this access.
 
[ ] I understand that my identity may be not be revealed in any information released to third parties or 
published.  
 
[ ] I voluntarily agree to take part in this study.  
 
[ ] I received a copy of this signed consent form.  
 
 
Signature of participant:                                                       Signature of witness 
Date:                                                                                         Name of witness: 

                                                                                                               Date: 
 
I attest that the requirements for informed consent for the medical research project described in this 
form have been satisfied. I have discussed the research project with the participant and explained to 
him or her in nontechnical terms all of the information contained in this informed consent form, 
including any risks and adverse reactions that may reasonably be expected to occur. I further certify that 
I encouraged the participant to ask questions and that all questions asked were answered.  

________________________________ ___________________   

Name and Signature of Person obtaining consent: 

Dr. Gurajala Venkatesh 
Fellow in Paediatric cardiology  (PDF),  
Dept. of Cardiology, SCTIMST. 

 

Date:                                                                                      
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SREE CHITRA THIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY, 
TRIVANDRUM 

DEPARTMENT OF CARDIOLOGY 
PARENTAL CONSENT FORM FOR PATIENTS (≤ 12 yrs) 

 
 
Study Title: “Long term outcomes of transcatheter device closure of ostium secundum Atrial 
Septal Defect with moderate and severe pulmonary hypertension” 
 
Participant’s name:                                          Date of Birth / Age (in years):  

 

I _____________________________________________________________ ___________, 
FATHER/MOTHER/LEGAL GUARDIAN of ___________________________________ (Please tick 
boxes).   

 
[ ] Declare that I have read the above information provide to me regarding the study “ Long 

term outcomes of transcatheter device closure of ostium secundum Atrial Septal Defect with 

moderate and severe  pulmonary hypertension” and have clarified any doubts that I had.   

[ ] I also understand that the participation of my child in this study is entirely voluntary and that 
I am free to withdraw permission to continue to participate at any time without affecting my 
usual treatment or my legal rights.  

[ ] I understand that the study staff and institutional ethics committee members may be not 
need my permission to look at my child’s health records even if I withdraw consent from the 
study. I agree to this access. 
[ ] I understand that my child’s identity may be not be revealed in any information released to 
third parties or published.  

[ ] I voluntarily agree for my child to take part in this study.  

[ ] I received a copy of this signed consent form.  

 

Name:                                                                                   Signature of witness:   

Signature:                                                                             Name of witness: 

Date:                                                                                     Date: 

I attest that the requirements for informed consent for the medical research project described in this 
form have been satisfied. I have discussed the research project with the participant and explained to 
him or her in nontechnical terms all of the information contained in this informed consent form, 
including any risks and adverse reactions that may reasonably be expected to occur. I further certify that 
I encouraged the participant to ask questions and that all questions asked were answered.  
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________________________________ ___________________   

Name and Signature of Person obtaining consent: 

Dr. Gurajala Venkatesh 
Fellow in Paediatric cardiology  (PDF),  
Dept. of Cardiology, SCTIMST. 

 

Date:                                      

 

For any technical clarifications, please contact Dr. Mala Ramanathan, Member Secretary, IEC, 
SCTIMST and Professor, AMCHSS, SCTIMST (Email: iec.mem.sec@sctimst.ac.in, Phone no. 0471-
2524234) 
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APPENDIX 4: CONSENT FORM- MALAYALAM  
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APPENDIX 5: PLAGIARISM CHECK 

 


