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Case report 
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A B S T R A C T   

Pulmonary arterial hypertension (PAH) is a perilous disease that precipitates right ventricular 
hypertrophy, induces right heart failure, and exerts deleterious ramifications on prognostic out-
comes. The establishment of atrial communication can create a right-to-left shunt, thereby 
ameliorating hemodynamic parameters. Previous reports suggested that opening of a patent fo-
ramen ovale (PFO) was common in patients with severe PAH, but exhibited no discernible impact 
on long-term survival. We reported the case of a 39-year-old man with severe idiopathic PAH, 
who underwent reopening of the PFO due to severe cough and hemoptysis, followed by a marked 
amelioration in symptoms and a substantial decrease in pulmonary arterial pressure. The patient 
has survived for more than 12 years, persisting in World Health Organization functional class II 
with mild PAH.   

1. Introduction 

Pulmonary arterial hypertension (PAH) constitutes a life-threatening condition distinguished by pulmonary vascular endothelial 
dysfunction, smooth muscle proliferation, and progressive occlusion of the distal pulmonary arteries. Before the era of PAH-targeted 
drug therapy, the estimated median survival for patients with idiopathic PAH (IPAH) was 2.8 years [1]. Although pharmacological 
interventions, such as prostacyclin analogs and receptor agonists, phosphodiesterase 5 inhibitors, endothelin-receptor antagonists, and 
cGMP activators, have demonstrated enhancements in both quality of life and hemodynamic parameters for PAH patients, the malady 
remains devastating and exhibits rapid progression, with a mortality rate exceeding 50 % at seven years [2]. 

The establishment of atrial communication creates a right-to-left shunt，facilitating right ventricular decompression and conse-
quential improvement in hemodynamic parameters [3]. A patent foramen ovale (PFO) may function as a “natural” septostomy, 
allowing right-to-left shunting when right atrial pressure (RAP) exceeds left atrial pressure. Although opening of a PFO is common in 
patients with severe PAH, previous studies indicated that its presence exerted no impact on long-term survival [4,5]. 

We reported the case of a 39-year-old man with severe IPAH, who experienced reopening of the PFO due to severe cough and 
hemoptysis, followed by a major improvement in symptoms and a substantial decrease in pulmonary artery pressure (PAP), and has 
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survived for more than 12 years with mild PAH. 

2. Case report 

A 39-year-old male patient was admitted to hospital with recurrent post-activity chest pain and shortness of breath for more than 11 
years and bilateral lower extremity edema for one week in March 2021. In 2010, he was admitted to hospital due to post-activity chest 
pain and shortness of breath for half a year. After comprehensive laboratory tests and imaging examination including echocardiog-
raphy, chest CT scan and ventilation/perfusion lung scan excluding left heart disease, chronic obstructive pulmonary disease, inter-
stitial lung disease, pulmonary thromboembolism, congenital heart diseases and connective tissue disease during the hospitalization, 
he was diagnosed with IPAH with World Health Organization functional class (WHO-FC) II. Right heart catheterization was not 
performed due to the patient’s refusal. The echocardiographically estimated pulmonary artery systolic pressure (PASP) was 80 mmHg. 
He received PAH-targeted therapy with sildenafil (25mg, PO, tid), yet experienced a gradual increase in PAP. The sequential echo-
cardiographic follow-ups are documented in Table 1. 

In July 2016, the patient progressed from WHO-FC IIto IV and the PASP increased from 80 to 120 mm Hg (Fig. 1). A week later, the 
patient encountered severe cough and hemoptysis, approximately 50 ml in volume, attributable to a severe cold leading to pneumonia. 
Following the cessation of hemoptysis, he continued the treatment with sildenafil at the same dose as before. 

The patient was acyanotic from 2010 to 2016, with a femoral artery oxygen saturation of 93.4 % observed during the 2016 
hospitalization. However, subsequent to hemoptysis, he gradually became cyanotic, with a concomitant improvement in symptoms. At 
the same time, the PAP decreased and the left ventricle enlarged spontaneously. 

The patient was re-admitted in March 2021 due to mild bilateral lower extremity edema for approximately one week. The CT scan 
of the chest revealed an enlarged hilar shadow and widened pulmonary arteries, but no parenchymal lesions were discerned. The 
echocardiographically estimated PASP was just 55 mm Hg (Fig. 2), much lower than that in 2016 and 2018. To elucidate the unan-
ticipated alterations in PAP, right heart catheterization was performed subsequent to the patient’s provision of informed consent. The 
results are delineated in Table 2. The PAP was 60/39 mmHg, notably lower than the aortic pressure. Nevertheless, the oxygen 
saturation of femoral artery was only 88.5 %, significantly lower than that in 2016. Pulmonary angiography revealed no evidence of 
pulmonary embolism or pulmonary arteriovenous fistulae. 

As the catheter repeatedly crossed interatrial communication to the left atrium from the right atrium during the procedure, 
transesophageal echocardiography was conducted with the informed consent of the patient. The two-dimensional echocardiogram, 
coupled with continuous flow Doppler, revealed a PFO measuring 7.34 mm in width with a continuous, pure right-to-left shunt on 
colour flow mapping (Fig. 3). The patient received combination therapy with ambrisentan (10mg, PO, qd) and tadalafil (20mg, PO, 
qd), complemented with anticoagulant rivaroxaban (20mg, PO, qd) after discharge. The plasma N-terminal pro-brain natriuretic 
peptide was 94.2 pg/ml in August 2021, indicative of normal cardiac function, and the PASP estimated by echocardiography in June 
2022 and February 2023 was 47 and 45 mmHg, respectively. 

Abbreviations 

IPAH idiopathic pulmonary arterial hypertension 
PAH pulmonary arterial pressure 
PAP pulmonary artery pressure 
PASP pulmonary artery systolic pressure 
PFO patent foramen ovale 
RAP right atrial pressure 
WHO-FC World Health Organization functional class  

Table 1 
Changes in cardiac chamber size and pulmonary artery pressures   

Dec-2010 Apr-2012 Dec-2014 Jul-2016 Dec-2016 Nov-2018 Mar-2021 Aug-2021 Jun-2022 Feb-2023 

RA (mm) 66 70.6 63.7 72.6 70.3 68 69.8 74 76 74.9 
RV (mm) 36 36.6 36.9 38.2 37 41 53.8 47.8 37.2 44 
TAPSE (mm) 20 17.3 12 11.4 12 14.6 21.8 18 16.5 16.7 
LA (mm) 32 31 31.5 29.3 32.6 35.3 36.8 35.1 37.9 36.4 
LVEDD (mm) 43 36.5 34.2 35.6 36 40.6 42.8 42.7 38 38.1 
TRV (m/s) 4.2 4.3 4.6 5.1 4.7 4.2 3.2 3.4 3.0 3.0 
PASP(mmHg) 80 89 100 120 105 86 55 61 47 45 

LA-left atrium; LVEDD-left ventricular end-diastolic diameter; RA-right atrium; RV-right ventricle; PASP-pulmonary artery systolic pressure; TAPSE- 
tricuspid annular plane systolic excursion; TRV- velocity of tricuspid regurgitation. 
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3. Discussion 

PAH represents a pathophysiological disorder that may involve multiple clinical conditions and complicate the majority of car-
diovascular and respiratory diseases [6]. Despite the administration of sildenafil, the WHO-FC of the patient gradually progressed, 
accompanied by a persistent increase in PAP, suggesting a limited efficacy of sildenafil therapy on PAH in this case. Confusingly, 
patients with IPAH exhibit a notably low 10-year survival rate even under maximal combination therapy [7], but this patient survived 
11 years without resorting to combination therapy or other interventions. The unexpected clinical improvements without additional 
intervention were also unexplainable in patients with IPAH. Hence, we performed right heart catheterization and trans-esophageal 
echocardiography which revealed a huge PFO. Based on the clinical observations and the laboratory findings, we hypothesize that the 
patient may have a PFO, which was very small or entirely closed, while repetitive sudden increase in RAP due to the patient’s he-
moptysis and severe cough in 2016 induced the reopening or enlargement of the PFO on the base of atrial septal stretch due to severe 
PAH. Sharan [4] and Gallo de Moraes [5] found that the incidence of a PFO in the PAH population increased with right-sided 
enlargement, suggesting that the PFO may be stretched open rather than congenital, which also supports our speculation. The 
reopening and enlargement of PFO resulted in a continuous pure right-to-left shunt through PFO, leading to cyanosis and gradual left 
ventricular enlargement. Contrary to previous reports [4,5] asserting that the presence of a PFO did not impact survival, this case 
suggests that a sizable PFO did contribute positively to survival in PAH. We presume that the size of PFO plays a key role in survival. 
Typically, the diameter of PFOs ranges from 1 to 3 mm [8,9]. Unlike a substantial PFO or an atrial septal defect, even with 
PAH-induced elevation in RAP, a PFO of such diminutive dimensions faces challenges in creating a right-to-left shunt sufficient to 
decompress the right-sided cardiac chambers and increase left ventricular preload and systemic cardiac output. 

Balloon atrial septostomy has been proven to be an important palliative therapy for patients with refractory PAH unresponsive to 
maximal combination therapy. However, it was reported that nearly 30 % of patients experienced spontaneous closure of the sep-
tostomy, predominantly within the first year [10]. A PFO is reported in 27 % of patients with IPAH [5]. Considering the high incidence 
of spontaneous closure of the septostomy and the prevalence of PFO in IPAH, it is advisable to confirm the presence of PFO in PAH 
before undertaking septostomy. If a PFO is present, PFO balloon dilation seems to be an ideal alternative to septostomy. Notably, a PFO 

Fig. 1. Follow-up echocardiography in 2016. Transthoracic echocardiography demonstrated a markedly enlarged right atrium and right ventricle 
(A), along with tricuspid regurgitation, and an estimated pulmonary artery systolic pressure of 120 mm Hg (B). 
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of 7 mm, as observed in this case, following balloon dilation appears to be an optimal size. This procedure is safer than septostomy 
because it circumvents transseptal puncture and may reduce the risk of spontaneous closure since it avoids the post-septostomy septal 
muscular retraction. 

4. Conclusion 

This report details a case of severe IPAH wherein substantial clinical improvements and significant decrease in PAP were observed 
following the reopening of PFO due to severe cough and hemoptysis. This suggests that a sufficiently large PFO has a positive impact on 

Fig. 2. Follow-up echocardiography in 2021. Despite the presence of severe tricuspid regurgitation (A), the estimated pulmonary artery systolic 
pressure was measured at 55 mm Hg (B). 

Table 2 
Results of right heart catheterization.  

Hemodynamic parameters Values 

Oxygen saturations (%) 
Superior vena cava 62.6 
Inferior vena cava 64.4 
Right atrium (mean) 63.4 
Right ventricle (mean) 63.5 
Pulmonary artery 62.9 
Femoral artery 88.5 

Pressures (mm Hg) 
Right atrium 17/10 
Right ventricle 60/4 
Pulmonary artery 60/39 
Aorta 136/87 

Pulmonary capillary wedge pressure (mm Hg) 19/9 
Pulmonary vascular resistance (Wood units) 11.1 
Pulmonary-systemic shunt ratio 0.78 
Cardiac index (L/min/m2) 1.92  
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survival of IPAH patients. 
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