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Chapter 6
Pulmonary Hypertension in Obstructive 
Sleep Apnea

Vahid Mohsenin

�Introduction

Pulmonary hypertension (PH) is a hemodynamic and pathophysiological state that 
is classified according to the hemodynamic profile of the pulmonary circulation ─ 
pre-capillary, post-capillary, or both (Fig. 6.1). Common causes of pre-capillary PH 
are related to chronic thromboembolic PH and pulmonary arterial hypertension that 
can be found in three main forms: idiopathic pulmonary arterial hypertension, 
familial form, and PH associated with other risk factors and medical conditions, 
such as collagen vascular diseases. Pre- and post-capillary PH is caused by heart 
disease and lung disease. All types of PH share common pathological changes in the 
form of proliferative vasculopathy, characterized by vasoconstriction and cell pro-
liferation. Left heart disease (WHO Group 2) is the most common cause of PH in 
Western countries. The second most common cause of PH is WHO Group 3 that is 
comprised of lung disease associated with hypoxia and sleep-disordered breathing. 
Owing to their high prevalence, sleep-disordered breathing and chronic obstructive 
pulmonary disease (COPD) are by far the most common causes of PH in Group 3. 
Obstructive sleep apnea (OSA) is the most common form of sleep-disordered 
breathing, affecting up to 50% of men and 25% of women in the middle-aged popu-
lation [1, 2]. In general, 27–30% of patients with OSA without left ventricular dys-
function or hypoxemic lung disease have PH, which tends to be mild to moderate in 
severity. However, severe PH can occur in the setting of OSA [3–5]. Nocturnal 
hypoxemia can be an important indicator of the presence of PH in this population. 
Patients with OSA and PH have a worse prognosis with a lower quality of life and 
higher mortality than those without PH.  Treatment of OSA is associated with 
decreased pulmonary artery pressure (Ppa).
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�Case Report

A 40-year-old man was seen in the pulmonary clinic because of increasing dyspnea 
and excessive daytime sleepiness. The patient gave a history of habitual snoring and 
unrefreshing sleep with daytime fatigue for approximately 3 years before the clinic 
visit. Shortness of breath on exertion developed about a year ago. The patient 
reported gasping awake occasionally, heartburn, and one- to two-time nocturia. 

On examination, the patient appeared comfortable. The blood pressure was 
158/92 mm Hg, the pulse 88 beats per minute, and the oxygen saturation 96% while 
he was breathing ambient air. The height was 171.5 cm, the weight was 91.6 kg, and 
the body mass index was 31  kg/m2. The upper airway examination showed nar-
rowed oropharyngeal inlet due to increased soft tissue mass. Neck circumference 
was 40 cm. The jugular veins were not visible due to a short neck. Heart sounds 
were distant, without a murmur, rub, or gallop, and lungs were clear. There was leg 
edema to the knees; the remainder of the examination was normal. The complete 
blood count and serologic testing for collagen vascular disease were essentially 
normal. An electrocardiogram (ECG) showed sinus rhythm at a rate of 92 beats per 
minute and right axis deviation. Echocardiogram showed normal left ventricular 
cavity size, hyperdynamic left ventricular systolic function, and moderate concen-
tric left ventricular hypertrophy. Left ventricular ejection fraction was >70%. Left 
ventricular ejection fraction was >70% with mildly decreased right ventricular sys-
tolic function; the right ventricular systolic pressure (RVSP) was estimated to be 
65 mm Hg. Right and left atria were mildly dilated. The chest radiograph showed 
enlargement of the right, left, and main pulmonary arteries. The lungs were clear, 
with no evidence of interstitial lung disease or emphysema. A CT scan of the chest 
and a subsequent pulmonary CT angiogram confirmed the enlargement of the main 

Postcapillary
(venous)

Left-sided heart disease

Lung disease/hypoxiaAlveolus
Thromboembolic

disease

Precapillary
(arterial)

IPAH and APAH

Fig. 6.1  Major causes of pre-capillary PH are related to pulmonary arterial hypertension and 
chronic thromboembolic PH. Common causes of post-capillary pulmonary hypertension are left-
sided heart disease, lung disease, and hypoxia
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pulmonary artery and no evidence of pulmonary emboli. The right ventricle was 
enlarged; the wall of the right ventricle was thick (5 mm), with flattening of the 
inter-ventricular septum. Polysomnography was performed. A 60-s epoch of the 
polysomnography shows two obstructive apneas during REM sleep with oxygen 
desaturations to a nadir of 74% (Fig. 6.2). Apnea-hypopnea index (AHI) was 29 
events per hour with mean asleep arterial oxygen saturation of 94%, and time with 
oxygen saturation below 90% was 36 min.

�Discussion

�Mechanism of PH in OSA

Many patients with OSA experience cyclical oxygen desaturations during sleep. 
The cumulative effect of intermittent hypoxia can lead to PH [6, 7]. Most 
patients with OSA have normal oxygen saturation while awake, apart from those 
patients who also have an obesity-hypoventilation syndrome or underlying lung 
disease.

Fig. 6.2  A polysomnograph of 60 s in duration shows two obstructive apneas during REM sleep 
with oxygen desaturations to a nadir of 74%
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Left ventricular dysfunction accounts for a large proportion of PH in patients 
with OSA [8–12]. However, PH and right heart failure can develop in patients with 
OSA with preserved left ventricular ejection fraction [13]. The prevalence of PH in 
heart failure with preserved left ventricular ejection fraction (HFpEF) was reported 
in the range of 52% (defined as mean Ppa >25 mmHg by right heart catheterization) 
[14]. This prevalence was comparable to 62% in a cohort of 379 patients with heart 
failure with reduced ejection fraction (HFrEF), who had a mean Ppa >20 mmHg by 
right heart catheterization [15]. Mathematical models demonstrate that there is an 
initial passive increase in pulmonary blood volume secondary to the hydrostatic 
forces resulting from heart failure with either reduced or preserved systolic function 
[13]. The result of this initial insult is a passive post-capillary PH with a normal 
transpulmonary pressure gradient and, consequently, relatively normal pulmonary 
vascular resistance. Over time, long-standing venous PH results in pulmonary arte-
rial endothelial dysfunction, leading to elevated levels of endothelin-1, decreased 
nitric oxide levels, and a decrease in brain natriuretic peptide-mediated vasodilata-
tion [16]. These biochemical changes result in active pulmonary arterial vasospasm, 
leading to a further increase in pulmonary arterial pressures. In addition to this 
pressure-dependent mechanism, hypoxia-sensitive inflammatory and proliferative 
pathways may be involved in the development of PH in OSA [17]. Animal models 
have demonstrated that brief, repetitive exposure to hypoxemia over just a few 
weeks, a situation akin to intermittent hypoxia in OSA, is sufficient to cause pulmo-
nary arteriolar remodeling and right ventricular hypertrophy [18, 19]. A meta-
analysis of 16 studies demonstrated right ventricular hypertrophy and enlargement 
and decreased right ventricular ejection fraction in patients with OSA [20]. 
Continuous monitoring of Ppa in OSA patients showed a gradual rise in mean Ppa 
throughout nighttime sleep compared with snorers-only subjects [21].

�Diagnostic Considerations

The evaluation process for a patient with suspected PH requires a series of investi-
gations intended to confirm the diagnosis, which is best done in a multidisciplinary 
pulmonary vascular center. Patients with PH may be asymptomatic or present with 
symptoms of dyspnea, lightheadedness on exertion, fatigue, chest pain, syncope, 
palpitations, and/or lower extremity edema. However, patients with suspected OSA 
and PH may not have these symptoms. Transthoracic echocardiography provides 
several variables that correlate with right heart hemodynamics, including estimated 
systolic Ppa, and should always be performed in the case of suspected PH as a 
screening modality. A systematic review and meta-analysis of 29 studies with a total 
patient population of 1998 demonstrated an overall correlation coefficient of 0.70 
(95% confidence interval [CI], 0.67–0.73) for estimated systolic Ppa between color 
Doppler echocardiography (tricuspid regurgitant jet method) and right heart cathe-
terization, with a sensitivity and specificity of 83% (95% CI, 73–90%) and 72% 
(95% CI, 53–85%), respectively [22]. Of note, the agreement between Doppler 
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echocardiography and right heart catheterization data was similar at both mild and 
moderately elevated systolic Ppa values. Right heart catheterization is confirmatory, 
yields more precise pressure measurements, and allows assessment of the vasodila-
tory capacity of pulmonary vasculature that can help guide therapy (Fig. 6.3). PH is 
defined hemodynamically by right heart catheterization by a mean Ppa greater than 
or equal to 25 mm Hg at rest [23]. However, in the recent World Symposium on 
Pulmonary Hypertension 2018 in Nice, the definition of PH was revised: “Based on 
data from normal subjects, the normal mean pulmonary arterial pressure (mPAP) at 
rest is approximately 14.0 ± 3.3 mm Hg [24]. Two standard deviations above this 
mean value would indicate that an mPAP >20 mmHg is the threshold for abnormal 
pulmonary arterial pressure (above the 97.5th percentile). However, this level of 
mPAP is not sufficient to define pulmonary vascular disease since it could be due to 
increases in cardiac output or pulmonary artery wedge pressure (PAWP). The task 
force has, therefore, proposed including a pulmonary vascular resistance (PVR) 
≥3 WU into the definition of pre-capillary PH associated with mPAP >20 mmHg, 
irrespective of etiology” [25]. Pulmonary artery occlusion pressure (PAOP or 
PAWP) of greater than 15  mm Hg denotes elevated left ventricular pressure, in 
either HFrEF or HFpEF. Pulmonary artery diastolic pressure gradient (DPG = dia-
stolic Ppa  – PAOP) distinguishes pre-capillary (≥7  mm Hg) and post-capillary 
(<7 mm Hg) PH in setting of normal or reduced left ventricular ejection fraction. 
The combination of Ppa ≥ 25 mm Hg, PAOP > 15 mm Hg, and DPG ≥ 7 mm Hg 
indicates combined pre- and post-capillary (pulmonary venous) PH (Fig. 6.3) [26].

Fig. 6.3  Right heart catheterization hemodynamics in normal and in pulmonary arterial hyperten-
sion (PAH). PVH, pulmonary venous hypertension; CO, cardiac output; mPAP, mean pulmonary 
artery pressure; PAOP, pulmonary artery occlusion pressure; PVR, pulmonary vascular resistance. 
The 2018 proposed definition of PH is mPAP >20 mm Hg and PVR ≥3.0 WU [25]
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There are no formal guidelines for routine sleep study in patients with PH; how-
ever, given the high prevalence of nocturnal hypoxemia and OSA in patients with 
PH [27], patients with PH should be screened for sleep-disordered breathing by a 
sleep study. Other diagnostic tests may include serologic testing for collagen vascu-
lar diseases, pulmonary function tests, chest imaging, ventilation-perfusion scan-
ning, and arterial blood gases for underlying pulmonary diseases.

�Effect of Treatment of OSA on PH

The studies on the effect of treatment of OSA on pulmonary hemodynamics and PH 
are limited. Treatment with continuous positive airway pressure (CPAP) for 
6  months in six patients with OSA and PH diagnosed on echocardiography and 
confirmed by right heart catheterization with normal PAOP values reduced mean 
Ppa values from 25.6 ± 4.0 mm Hg to 19.5 ± 1.6 mm Hg (P < 0.001) [3]. In a pro-
spective study involving 22 patients with OSA (mean AHI, 48.6 ± 5.2 events/h), five 
of whom had mean Ppa 20 mm Hg, 4 months of CPAP treatment decreased mean 
Ppa from 17.0 ± 1.2 mm Hg to 14.5 ± 0.8 mm Hg in the entire group (P < 0.05). The 
most significant treatment effects occurred in the five patients who had PH at base-
line. The reduction in mean Ppa was attributed to decreased pulmonary vascular 
resistance and decreased vasoconstrictive response to a hypoxic stimulus [28]. In a 
randomized, sham-controlled cross-over study involving ten patients with OSA and 
PH (RVSP > 30 mm Hg estimated by Doppler echocardiography) and no known 
cardiac or lung diseases, 12  weeks of CPAP therapy decreased RVSP from 
28.8 ± 7.9 mm Hg to 24.0 ± 5.8 mm Hg (P < 0.0001) [29]. Higher reduction in 
RVSP after effective CPAP therapy was observed in patients with OSA with either 
left ventricular diastolic dysfunction (change, 7.3 ± 3.3 mm Hg vs. 1.6 ± 1.8 mm Hg 
in those without left ventricular diastolic dysfunction; P < 0.001) or presence of PH 
at baseline (change, 8.5 ± 2.8 mm Hg vs. 2.6 ± 2.8 mm Hg in those without PH at 
baseline; P < 0.001) [29]. In a meta-analysis of 7 studies with 222 patients (mean 
age of 52.5 years) with OSA and AHI of greater than 10 events/h (mean AHI of 58 
events/h) and PH, defined as Ppa >25 mm Hg (mean Ppa of 39.3 ± 6.3 mm Hg), 
CPAP treatment for 3 to 70  months was associated with a decrease in Ppa of 
13.3 mm Hg (95% CI 12.7–14.0) [30]. CPAP therapy for 6–24 months improved 
right ventricular ejection fraction estimated by nuclear ventriculography, which 
increased from 30% ± 3% to 39% ± 3% (P < 0.01) [31]. Based on currently avail-
able data, we recommend the treatment of mild-to-moderate PH with OSA-specific 
therapy for 6 months with follow-up echocardiography and consideration for the 
addition of pharmacotherapy in those with severe PH.

The index patient was treated with CPAP, and follow-up echocardiography after 
6 months showed RVSP had decreased from 65 mm Hg to 50 mm Hg with the 
patient reporting some improvement in shortness of breath during exertion. Because 
of evidence for the persistence of PH and residual symptoms, right heart catheter-
ization was performed for consideration of PH-specific treatment.
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Clinical Pearls and Pitfalls
•	 OSA is a highly prevalent sleep-disordered breathing that is associated 

with an increased risk of cardio-cerebrovascular complications and 
increased mortality.

•	 PH is a common comorbid disorder in a patient with OSA and, in large 
part, related to nocturnal hypoxemia and left ventricular dysfunction.

•	 Patients with OSA, especially those with daytime hypoxemia and hyper-
capnia or significant nocturnal oxygen desaturations, should be screened 
for PH by echocardiography.

•	 Treatment of OSA with CPAP therapy improves PH.
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