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A B S T R A C T   

In Chronic Obstructive Pulmonary Disease (COPD), hypoxemia is associated with multiple un-
derlying mechanisms, of which one of the most significant is ventilation-perfusion (V/Q) 
mismatch, which is correctable with supplemental oxygen (O2) therapy. Hypoxemia that is re-
fractory to very high concentration of inspired O2 can be indicative of cardiac defect with shunt, 
e.g., a patent foramen ovale (PFO) with right-to-left (R-T-L) shunt. In hypoxemic COPD patients, 
the diagnosis of a PFO requires a heightened sense of clinical suspicion along with careful 
assessment of other underlying possibilities. Platypnea-orthodeoxia and a non-response to the 
hyperoxia test, while not diagnostic, increase suspicion. A correct diagnosis of interatrial bypass 
needs to be confirmed with transthoracic echocardiogram and contrast transesophageal echo-
cardiography. Presently, no data are available supporting the effectiveness of PFO closure in 
COPD patients to relieve symptoms and correct hypoxemia. 

We report a case of hypoxemic COPD with platypnea-orthodeoxia syndrome due to PFO. The 
decision of its closure with device after echocardiographic evaluation of right ventricular function 
has completely corrected refractory hypoxemia with improvement of SpO2 and functional ca-
pacity. Thus, in selected COPD with refractory hypoxemia, closure of PFO should be considered as 
novel therapeutic target with improvement of quality of life and less likelihood of hospitalization.   

1. Introduction 

Hypoxemia is defined as the decrease in partial pressure of oxygen (O2) in the arterial blood generated by four pathophysiological 
mechanisms: 1) ventilation/perfusion mismatch, 2) increased shunt, 3) diffusion impairment, and 4) alveolar hypoventilation. These 
mechanisms individually are associated with a wide variety of diseases leading to hypoxemia with normocapnia or hypocapnia 
(hypoxemic or type I respiratory failure/lung failure) and hypoxemia with hypercapnic (or type II respiratory failure/pump failure) 
[1]. 

In chronic obstructive pulmonary disease (COPD) ventilation/perfusion (V/Q) mismatching is the most common mechanism. It 
develops when there is a decreased ventilation to normally perfused regions or regions with a more significant reduction in ventilation 
than in perfusion occurs in the lung. On the other hand, intrapulmonary or intracardiac shunting causes deoxygenated mixed venous 
blood to bypasses ventilated alveoli, resulting in “venous admixture”. While, hypoxemia resulting from V/Q inequality or diffusion 
abnormalities can easily be corrected by supplementing inspired oxygen, even very high concentrations of inspired oxygen cannot 
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correct hypoxemia induced by a pure shunt. 
Hypoxemia caused by R-T-L shunt could respond to percutaneous PFO closure but no data are available regarding PFO closure in 

COPD patients. An important impediment to successful treatment is the lack of awareness of the potential role of PFO in this condition. 
We present an unusual case of a COPD patient with hypoxemia refractory to O2 therapy found to have with a cardiovascular right- 

to-left (R-T-L) shunt with improvement after closure: percutaneous closure of PFO revealed stable relief of symptoms, with 
improvement of pulse oxygen saturation (SpO2), functional capacity, quality of life and reduction of health care costs. 

2. Case report 

An 80-year-old man with COPD was admitted to the hospital with chronic cough and breathlessness. The patient, a former smoker, 
had a history of hypertension, deep vein thrombosis (DVT), and paroxysmal arterial fibrillation thought to be the cause of a previous 
stroke. His medications at the time included amiodarone, perindopril, amlodipine, citalopram, inhaled bronchodilators, and warfarin 
without monitoring of the international normalized ratio (INR) target. 

Physical examination was significant for central cyanosis with SpO2 of less than 90%, muffled basal crackles on lung auscultation, 
and regular cardiac tones with a normal blood pressure of 110/70 mmHg. His previous spirometry showed an FEV1/FVC of 68% with 
an FEV1 of less than 60%. A plain chest radiograph was unremarkable except for atelectatic streaks at the lung bases. Electrocardi-
ography revealed normal sinus rhythm, a right conduction delay, and left ventricular hypertrophy. Bedside transthoracic echocar-
diography (TTE) revealed mild left ventricular hypertrophy with preserved ejection fraction, a dilated aortic root, a normal 
pericardium, and no pleural effusion. Right ventricular systolic function was unable to be assessed due to poor visualization, but 
systolic pulmonary artery pressure (PAP) was estimated to be 40 mmHg. 

Upon further examination, his SpO2 dropped from 90% to 78% on room air, moving from the upright to supine position, clinically 
compatible with platypnea-orthodeoxia syndrome (POS) [2]. Arterial blood gas analyses confirmed severe hypoxemia with a partial 
pressure of oxygen (PaO2) of 37 mmHg, partial pressure of carbon dioxide (PaCO2) of 25 mmHg, and a pH of 7.50 while upright, which 
improved to a PaO2 of 54.8 mmHg when supine. Supplemental O2 via Venturi mask at a fraction of inspired oxygen (FiO2) of 50% was 
insufficient for correcting this hypoxemia. Even the application of non-invasive ventilation with continuous positive airways pressure 
(CPAP) with a pressure of 8 cmH2O on an FiO2 of 65% was ineffective. 

Both a V/Q scan and chest computed tomography (CT) angiography excluded thromboembolism, dilation of pulmonary vessels, 
and other vascular abnormalities in the lungs and confirmed atelectasis present at the pulmonary bases; furthermore, a spinal deviation 
and ectatic aorta were evident that associated with an overdeveloped Eustachian valve are conditions facilitating PFO shunting 
(Fig. 1). A hyperoxia test was performed (HT) [3], showing merely a slight increase in the PaO2 from 37 to 48 mmHg and a widened 
alveolar-arterial gradient (A-aO2) of 195 mmHg, indicative of an R-T-L shunt. 

The patient underwent a contrast transesophageal echocardiography (c-TEE), revealing a significant R-T-L shunt through a 1.1 cm 
patent foramen oval (PFO) and deviation of the interatrial septum to the left (Fig. 2). The PFO was percutaneously closed using an 
18–25 Amplatzer septal occlusion device. Post-procedure three-dimensional transthoracic echocardiography (3D-TTE) showed min-
imum residual shunting (Fig. 3). At the time of discharge, the patient’s SpO2 was at 96% on room air with the ability to maintain 
moderate exercise. On follow-up, his SpO2 remained normal on room air, and a TTE showed preserved left and right ventricular 
function. 

3. Discussion 

Presentation of a PFO can be subtle and clues to the disorder can be obtained from meticulous history. The first step in diagnosing 
PFO is a clinical assessment of the patient’s SpO2 that must be in the upright and lying positions. A presumptive diagnosis can be 
considered if there is a drop in PaO2 > 4 mmHg in the arterial blood or SpO2 > 5% from supine to an upright position. Suspicion can be 
further confirmed by performing HT, showing no significant improvement in hypoxemia when a large R-T-L shunt is present. However, 
the clinical picture may be harder to distinguish when significant lung disease coexists, such as COPD. Diagnosis is obtained with TTE 
or transcranial doppler ultrasound (TCD), but the most straightforward examination is c-TEE [4]. 

Fig. 1. Thorax CT scan (coronal view): (A) Dilated ascending aorta (Aao) with right atrial (RA) shape deformation causing interatrial septal distortion. (B) thoracic 
spine kyphoscoliosis is an accompanying pathologic condition. 
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For R-T-L shunt to occur in patients with PFO, anatomic and functional defects must be present to allow deoxygenated blood from 
the lower-pressure venous system into a higher-pressure systemic circulation. In most patients with PFO, functional defects lead to a 
transient increase of right atrial pressures permitting deoxygenated blood (usually from the inferior vena cava) to flow directly across 
the PFO into the left atrium. This phenomenon can be present due to an isolated/combination of the dilation of the proximal ascending 
aorta, cardiac surgery, atrial septal aneurysms, intracardiac lipomas, and/or the redirection of blood flow from the inferior vena cava 
through a prominent Eustachian valve. This transience increases in frequency with the duration of disease, lowered arterial oxygen 
content, pulmonary arterial hypertension (PAH), and age [5]. 

In COPD, hypoxemia is usually attributed to prevalent V/Q defects and results in PAH. Thus, the relationship between PFO, PAH, 
and hypoxemia in patients with COPD remains complex [6–8]. 

At present, few studies exist examining the prevalence of PFO in COPD, but they support that PFO may contribute to hypoxemia in 
these patients [9,10]. It has also been considered that PFO protects patients with PAH against additional increases in pulmonary artery 
pressure and in the concomitant deterioration of cardiac function [11]. Shaikh et al. reported no differences between the degree of 
shunt among hypoxemic and less-hypoxemic patients at rest; a significantly larger PFO and higher shunt fraction were noted in pa-
tients with COPD following Valsalva than in the control group [12]. Kilic et al. also concluded in a study of 21 COPD patients with 
hypoxemia were not linked to a PFO. However, significantly higher PAP levels were detected in patients with PFOs [13]. On the other 
hand, Martolini et al. discovered in 12 out of 22 patients with COPD, patients with a PFO had a significantly greater degree of hyp-
oxemia than their non-PFO counterparts. The authors, however, did not report PAP values [14]. 

So, we can hypothesize that in hypoxemic COPD pulmonary hypertension such as Valsalva maneuver may increase R-T-L shunting 
facilitated by larger PFOs. 

Alternative explanations in COPD patients with both PAH and hypoxemia, R-T-L shunting may also result from intrapulmonary 

Fig. 2. TEE 2D: (A) Interatrial septal with PFO. (B) Same position demonstrating right left shunting with color doppler. (C) Non transpulmonary echocontrast. LA: Left 
Atrial; RA: Right Atrial; IVC: Inferior Vena Cava. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of 
this article.) 

Fig. 3. TTE 3D: Left atrial view of interatrial septal (IAS). (A) Large patent foramen ovale (arrow). (B) Effective transcatheter PFO closure with device and residual 
minimal hole (arrow). LVOT: Left Ventricular Outflow Tract; M: Mitral valve. 
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arteriovenous pathways. These pathways are due to a rise in microvascular pressure, akin to several mechanisms seen during phys-
iological exercise and in hepatopulmonary syndrome. Alternatively, hypoxemia could also result from an increase in complex 
anatomic anastomosis of bronchial and/or pleural circulation alongside pulmonary circulation, as in chronic thromboembolic pul-
monary hypertension [15,16]. 

In our case, there were some anatomical and functional conditions facilitating PFO shunting in addition to symptoms and com-
plications inherent to COPD as cough, exacerbations, mild PAH, which may explain the preferential R-T-L shunt. Furthermore, the 
patient’s age and increase in physiological shunt may have also contributed to his hypoxemia. 

PFOs are increasingly being recognized as a mediator of paradoxical embolism, allowing the passage of air, thrombus, and fat with 
subsequent systemic sequelae. 

While there remains skepticism about the efficacy of closure of PFO as a preventative measure, this procedure prevents further 
paradoxical embolism [17] and is effective in correcting hypoxemia [18]. If closure of the PFO is scheduled, an assessment of the 
residual performance of the right ventricle is necessary. As PFO may be open due to elevated right-sided pressures due to pre-existing 
pulmonary hypertension, closure may result in right heart failure but no data exists to suggest when PFO closure would be contra-
indicated in pulmonary hypertension [19]. 

In our case, preserved right ventricular performance measured using tricuspid annular plane excursion (TAPSE), mild-to-moderate 
pulmonary pressures, and severe hypoxemia refractory to supplemental O2 supported the closure of this patient’s PFO. Ultimately 
resulting in clinical improvement and follow-up showing preserved right-sided function. 

So, we consider that a preserved right ventricular systolic function can be a “conditio sine qua non” for PFO closure in hypoxemic 
COPD with pulmonary hypertension. 

4. Conclusions 

In COPD, diagnosis of hypoxemia due to an R-T-L atrial shunt is not a straightforward process. Thus, hypoxemia refractory to high 
O2 therapy with dyspnea must be thoroughly evaluated with a careful history and focused physical examination. The presence of POS 
should raise the suspicion of an R-T-L shunt. A positive HT should be obtained before subjecting the patient to a c-TEE. If a PFO is 
identified, adequate assessment of lung function and right ventricular systolic reserve is necessary. Prior to closure, the optimization 
and stabilization of other COPD therapies should be achieved. A careful approach to distinguish pathogenic PFOs from incidental and 
clinically insignificant ones is also mandatory. In our case, PFO closure led to a resolution of symptoms, corrected hypoxemia, and 
marked improvement in the patient’s quality of life. 

A paucity of data limits the ability to draw conclusions in patients with PFO and COPD. The development of a multidisciplinary 
group to lead a multicenter study is needed to further discern the benefits of this novel therapy. 
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