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Abstract

Atrial Septal Defect (ASD) is relatively common in the population with 
adult congenital heart disease. It is sometimes complicated by Pulmonary 
Arterial Hypertension (PAH), and ASD closure in patients with significant 
PAH is controversial. However, recent advances in PAH-specific medications 
have improved PAH treatment and have led to a new treatment strategy that 
combines initial medical treatment of PAH with subsequent ASD closure (i.e., 
treat and repair strategy). The efficacy of this strategy has been reported and 
attracted attention. Transcatheter closure is preferred for repair rather than 
surgical closure because it is safer and less invasive. Thus, there are only a 
few reports of treat and surgical repair of large ASDs, especially in the elderly.

We present a case of an elderly patient with large ASD and significant PAH. 
Although he did not initially qualify for ASD closure, combination treatment 
with PAH-specific medications improved his hemodynamics, and surgical ASD 
closure was subsequently achieved. Finally, his World Health Organization 
functional class improved from class III to I.
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Introduction
Atrial Septal Defect (ASD) is relatively common in patients with 

Adult Congenital Heart Disease (ACHD) [1]. Previous studies have 
shown the efficacy and safety of surgical or transcatheter closure of 
ASD in patients with mild Pulmonary Arterial Hypertension (PAH) 
[2-4]. However, ASD closure in patients with significant PAH remains 
controversial [5-6].   

Recent advances in PAH-specific medications (Endothelin (ET)-
receptor antagonists, Phosphodiesterase type 5 (PDE-5) inhibitors, 
and prostanoids) have been impressive [7]. These medications have 
improved the survival rate of patients with PAH associated with 
ACHD [8-11]. 

“Treat and repair” is a new therapeutic approach to ASD patients 
with PAH that combines PAH-specific medications with subsequent 
ASD closure [12]. Recent reports found that this strategy improved 
the World Health Organization Functional Class (WHO-FC), even 
in ASD patients with significant PAH [13]. 

We present the case of an ASD patient with significant PAH who 
was diagnosed at 66 years of age. Although PAH initially disqualified 
him for operative repair, combination therapy with PAH-specific 
medications made subsequent surgical ASD closure possible.

Case Presentation 
A 66-year-old Japanese man had been diagnosed with chronic 

right Heart Failure (HF) with pulmonary hypertension 3 years prior 
to presentation. In his thirties, a heart murmur was discovered during 
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a company health examination, but was not further investigated. He 
had been asymptomatic until he developed exertion dyspnea at 63 
years of age. Despite starting diuretics, 60 μg/day of beraprost, and 
home oxygen therapy (3 L/min at rest), he developed lower extremity 
edema and dyspnea, and was referred to our hospital.

Upon admission to our hospital, physical examination revealed 
a blood pressure of 112/85 mmHg. A 12 lead electrocardiogram 
revealed atrial fibrillation with a rate of 140 bpm, right axis deviation, 
and right bundle branch block. Height was 159 cm and weight was 
60 kg. On cardiac examination, a Levine III/VI systolic murmur was 
auscultated at the third left intercostal space close to the sternal border, 
and significant leg edema was observed. Blood examination showed 
polycythemia, decreased eGFR (46.1 ml/min/1.73m2) and elevated 
brain natriuretic peptide (968 pg/ml). Serum levels of hepatobiliary 
enzymes were also elevated including total bilirubin (5.0 mg/dl), 
aspartate aminotransferase (41 IU/L), and γ-glutamyl transpeptidase 
(328 IU/L). A chest X-ray revealed cardiomegaly with pulmonary 
artery enlargement. Echocardiography revealed severe tricuspid 
regurgitation, with a pressure gradient of 42 mmHg. Left Ventricular 
(LV) wall motion was good, but the left ventricle showed a D-shape. 
LV diastolic dimension was 47 mm, and LV ejection fraction was 
57%. ASD was suspected, but shunt flow was not clear (Figure 1A). 
ASD was diagnosed by transesophageal echocardiography (Figure 
1B). The ASD was the secundum type, and its diameter was 40mm. 
Pulmonary embolism was not observed by computed tomography 
(Figure 1C) and lung ventilation-perfusion scintigraphy. 

Systemic congestion was mildly reduced by administration 
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of furosemide and tolvaptan. Heart rate was decreased to 90 bpm 
with diltiazem and low-dose digoxin. Cardiac catheterization was 
performed after the patient had stabilized. Coronary angiography 
showed no stenotic lesions. Swan-Ganz catheterization showed 
a mean Pulmonary Artery Pressure (mPAP) of 50mmHg, mean 
pulmonary artery wedge pressure of 11 mmHg, and Pulmonary 
Vascular Resistance (PVR) of 9.4 Wood units. Qp/Qs was 1.6. 
Based on this data, the diagnosis of ASD with PAH was confirmed. 
Although Eisenmenger Syndrome (ES) was ruled out, he was deemed 
inoperable due to significant PAH. However, after an oxygen load, 
mPAP and PVR decreased to 39 mmHg and 7.3 Wood units, 
respectively. Pulmonary vascular reactivity was observed, and we 
thus considered the possibility of “treat and repair”.

PAH treatment was initiated with 40 mg/day of tadalafil. 
Subsequently, 5 mg/day of ambrisentan was prescribed. A month 
after discharge, he was readmitted for HF exacerbation. Beraprost 
was changed to 0.4 mg/day of selexipag and gradually increased to 
1.2 mg/day. When the patient was stable 2 months after starting 
PAH treatment, cardiac Magnetic Resonance Imaging (MRI) was 

performed. Right Ventricular Ejection Fraction (RVEF) was 32.1%, 
and Qp/Qs was 2.0. Swan-Ganz catheterization was then performed, 
and Qp/Qs was also 2.0. PVR and mPAP had improved to 3.9 
Wood units and 37 mmHg, respectively (Table 1). Based on these 
improvements, he was deemed a candidate for surgical ASD repair. 

Surgical ASD closure was performed 4 months after the start 
of PAH-specific medications. A large (40 × 30 mm) ASD with 
lower perimeter edge defect was observed. It was closed with a 40-
mm GORE TEX patch (W.L. Gore & Associates, Delaware, USA). 
Tricuspid annuloplasty (MC cube ring 32mm, Edwards Life Science, 
CA, USA) was also performed. Immediately after the operation, 
mPAP was 25 mmHg. We continued the PAH-specific medications.

The patient underwent Swan-Ganz catheterization at 2, 4, and 
6 months after ASD closure, and his hemodynamic values were 
stable. At 6 months after ASD closure, mPAP was well controlled at 
18mmHg (Table 1), and cardiac MRI showed significant reduction 
in RV end-diastolic volume (Figure 2). By that time, the patient’s leg 
edema resolved and oxygen administration was no longer necessary. 
His 6-minute walk test improved from 100 meters to over 400 meters 

Figure 1: Cardiac examination at the first visit.
A: Echocardiography showed severe tricuspid regurgitation. Atrial septal defect was suspected, but the shunt flow was unclear. The left ventricle showed a D-shape.
B: Transesophageal echocardiography showed secundum atrial septal defect (blue arrow). (RA: right atrium, LA: left atrium)
C: Chest CT also showed secundum atrial septal defect and pulmonary artery dilatation. No pulmonary embolism was found. (PA: pulmonary artery, RA: right 
atrium, LA: left atrium).

At diagnosis
Time after institution of medication After ASD closure

2 months 4 months 2 months 4 months 6 monthsJust before ASD closure Just after ASD closure
Systolic PAP [mmHg] 58 49 52 35 23 38 31

Mean PAP [mmHg] 50 37 29 25 18 26 18

PVR (mnHg/L/m) 9.4 3.9 3.1 1.8 3 1.7

PAWP [mmHg] 11 10 10 10 11 10

RAP [mmHg] 18 15 9 3 7 2

Systolic BP [mmHg] 87 94 104 100 93 106

Qp/Qs 1.6 2 1.6 1 1

WHO-FC IV III III III II II II

BNP [pg/ml] 968 622 452 249 213 193

Body weight [kg] 60.6 55.1 51.7 50.3 53.2 53.5

6MWT [m] 100 290 310 410

Table 1: Clinical course of WHO-FC and cardiac examinations.

PAP: Pulmonary Artery Pressure; PVR: Pulmonary Vascular Resistance; PAWP: Pulmonary Artery Wedge Pressure; RAP: Right Atrial Pressure; BP: Blood Pressure; 
WHO-FC: World Health Organization Functional Class; BNP: Brain Natriuretic Peptide; 6MWT: 6-Minute Walk Test.
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without shortness of breath. At 1 year after repair, his WHO-FC 
finally improved from class III to I. He continues to follow a good 
course.

Discussion
In ASD patients, Left-to-Right (L-R) shunt through the atrial 

septum increases pulmonary blood flow. In this case, there was slow 
progression of pulmonary artery endothelial dysfunction resulting in 
PAH. Thus, the patient was asymptomatic for over 60 years and was 
not diagnosed with ASD-PAH until the age of 66 years old. He did 
not qualify for ASD closure at the time of diagnosis. He was therefore 
started on combination therapy with PAH-specific medications. 
Medical treatment improved his hemodynamics, allowing for the 
possibility of ASD closure. In this elderly patient, the treat and repair 
strategy was successful, and both hemodynamic data and WHO-FC 
improved significantly.

Several points were considered regarding the selection of PAH-
specific drugs. First, we prescribed ambrisentan, an ET-A selective 
antagonist, considering the patient’s hepatopathy. Second, tadalafil, a 
PDE-5 inhibitor, was used because of his renal dysfunction and because 
of tadalafil’s compatibility with ambrisentan [14]. It was previously 
reported that the combination of ET-A selective antagonists and 
PDE-5 inhibitors synergistically relaxed ET-1-induced pulmonary 
artery constriction, and this required functional ET-B receptors in the 
endothelium [15]. Third, we changed the prostanoid from beraprost 
to selexipag. Beraprost has beneficial effects in PAH progression, but 
its effects can decrease with long-term use [16]. Selexipag is an oral 
prostaglandin I2 receptor selective agonist. Its long-term effectiveness 
and safety have been demonstrated in patients with PAH [17]. 
Combination therapy with these drugs was effective in this case. 

Hemodynamic data and RV function are key information 
before deciding to perform ASD closure. Yao recommended the 
following criteria for ASD closure: reduction of PVR to < 7.5 Wood 
units, reduction of mPAP to < 35 mmHg, preservation of RVEF 
(>40%), and predominant L-R shunt [18]. Our patient satisfied 
the criteria for PVR and mPAP, but had reduced RVEF even after 
treatment. Preserved RVEF is desirable, considering the possibility 
of a post-operative pulmonary hypertensive crisis. However, RVEF 
is not always improved by PAH-specific medications [19], and it 
has not been assessed in predicting operability in patients with 
PAH associated with ACHD. Thus, we performed surgical repair 

without waiting for improvement of RVEF. Although his systemic 
congestion temporarily worsened immediately after ASD closure, it 
was controlled with a continuation of PAH-specific medications and 
an increase in diuretics. 

In ASD patients with significant PAH, transcatheter closure is 
preferred to surgery because it is less invasive. Takaya et al. reported 
that there was no difference in long-term outcome after transcatheter 
ASD closure in patients older than 75 years old and younger age 
groups [20]. Transcatheter closure is a valuable therapeutic option 
in elderly ASD patients. In this case, however, catheter closure was 
impossible due to a large ASD and its lower perimeter edge defect. 
Thus, surgical closure was performed. 

In the REVEAL registry, the prognosis of PAH with congenital 
heart disease was still poor [21]. However, recently in Japan, initial 
upfront combination therapy with PAH-specific medications has 
become a standard strategy that has advanced the treatment of PAH 
[22]. Along with the trend, it is expected that more ASD patients 
with significant PAH will meet the criteria for ASD closure. In the 
era of combination therapy for PAH, the treat and repair strategy has 
the potential to improve the prognosis of unrepaired non-ES ASD 
patients with significant PAH.

Conclusion
Initial combination therapy with PAH-specific medications could 

allow for subsequent surgical closure of ASD, even in elderly patients 
with significant PAH.
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