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SAOS et Hypertension pulmonaire

ü Une HTP modérée est retrouvée chez 20% des patients SAOS

ü Ces patients  ont une hypoxémie diurne parfois modérée et liée à une 
pathologie respiratoire obstructive plutôt que restrictive

ü Sur une série de 220 patients consécutifs présentant un SAOS, 37 avaient 
une HTP avec une PAP moyenne > 20 mmHg: 35 de 20 à 35 mmHg et deux avaient
Une PAP moyenne > 35 mmHg



Dysfonction VD compensée Dysfonction VD décompensée

VD normal ì stress pariétal

Hypertrophie

ì diamètre diastolique

ì Dysfonction VG
Dysfonction VD

Réponse du ventricule droit à une augmentation de sa postcharge 

Vonk Noordegraaf A et al. JACC 2013; 62:D22-33.

Remodelage Fonction systolique 



Vitesse maximale de la régurgitation tricuspide 

Analyse en Doppler continu du flux d’IT



Vitesse maximale de la régurgitation tricuspide 

Analyse en Doppler continu du flux d’IT



PAPs = 4  x VmaxIT2 + POD

Estimation de la PAPS

Equation de Bernoulli

PVD syst –POD syst  = 4  x VmaxIT2 

Equation de Chemla

PAPM = 0,6 PAPS + 2 mmHg



Vitesse maximale de la régurgitation tricuspide 

Analyse en Doppler continu du flux d’IT



Diamètre et variations respiratoires 

de la VCI





Evaluation de la POD

Rudski et al ASE Guidelines 2010



Ventricule droit normal

OD dilatée et décollement péricardique



Retentissement de l’HTAP: Remodelage des cavités droites

Hypertrophie septale si paroi > 5 mm



• Surface OD 
• Volume OD • Diamètre de la base du VD 

• Surfaces télédiastoliques VD/VG

Lang MR et al. J Am Soc Echochardiogr 2015;28:1-39

Remodelage des cavités droites



Echocardiographie: fonction systolique du VD
• FRSVD N > 45 %

TAPSE

• TAPSE

• Index de performance 
myocardique Tei

• Onde S tricuspidienne en Doppler 
Tissulaire



Dysfonction ventriculaire droite: 
Scenario clinique 1
FE VD 3D = 40%
PAP augmentée
Dyspnée NYHA II

Dysfonction ventriculaire droite plus sévère:  
Scenario clinique 2
FE VD 3D = 24%
PAP augmentée
Dyspnée NYHA II
Moins bon pronostic









Physiopathologie du FOP au cours du SAS
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Physiopathologie



Mise en évidence du foramen ovale perméable











Mise en évidence du foramen ovale perméable



Am J Respir Crit Care Med 2002;165:52-58.

n=20



Volume Pulmonaire
Volume résiduel CRF CPT

RVP

Vaisseaux extra-alveolaires

Vaisseaux intra-alveolaires

Variation des résistances vasculaires pulmonaires en fonction du volume pulmonaire

VR = Volume résiduel
CPT = Capacité pulmonaire totale
RVP = Resistances vasculaires pulmonaires

CRF = Capacité résiduelle fonctionnelle



Volume Pulmonaire
VR CRF CPT

RVP

Volume

Variation des résistances vasculaires pulmonaires en fonction du volume pulmonaire



Effets bénéfiques de la PPC



248 C. Pellaton et al.

Table 1 Effects of continuous positive airway pressure
(CPAP).

Decrease of fluctuations of intrathoracic pressure
Restoration of venous return
Abolishment of interdependence mechanisms and pulsus
paradoxus
Reduction in blood pressure during the day and night
Attenuation of sympathetic activity
Reduction of pulmonary artery pressure during apnoea
Reduction in the risk of cardiovascular events
Improvement of endothelial dysfunction

or with an AHI of 5—30 and daytime sleepiness compared to
controls [37]. This study also demonstrated that treatment
with CPAP reduced the risk of cardiovascular events in severe
OSA patients. This should encourage more clinicians to rec-
ognize OSA, and to propose appropriate treatment that may
decrease mortality [104,105].

CPAP decreases fluctuations of intrathoracic pressure and
restores a normal venous return during sleep, allowing a
decrease of right-to-left shunting through PFO. Treatment
with CPAP also attenuates nocturnal and daytime sympa-
thetic activity and decreases systemic blood pressure and
pulmonary pressure (Table 1) [79,106]. Becker et al. fol-
lowed apnoeic patients efficiently treated with CPAP, and
observed a reduction in blood pressure during the day and
the night [106].

A recent prospective study by Martinez-Garcia et al.
showed that long-term CPAP treatment in patients with mod-
erate to severe OSA (AHI ≥ 20) who suffered from ischaemic
stroke is associated with a reduction in mortality [107].
They compared the clinical evolution of 68 patients with
AHI ≥ 20 who did not tolerate CPAP to 70 patients with
AHI < 20 and to 28 patients with AHI ≥ 20 who tolerated CPAP.
The patients with AHI > 20 who did not tolerate CPAP had a
higher risk of mortality compared with the other two groups
(HR 2.69, 95%CI 1.32—5.61; P = 0.009) and HR 1.58, 95%CI
1.01—2.49; P = 0.04, respectively [107]. These studies con-
firm that effective treatment of OSA may improve prognosis
of patients, particularly those with previous stroke.

Perspectives of treatment in cases of
coexistence of patent foramen ovale and
obstructive sleep apnoea

A case of spectacular improvement of OSA after closure of
PFO has been described by Silver et al. [108]. A 51-year-old
man admitted for a cryptogenic stroke had a PFO closure.
His AHI dropped from 189 (181 apnoeas and 8 hypopnoea)
to 19 apnoeas/hour after closure. The patient also reported
a significant improvement in his symptoms of daytime som-
nolence. No weight loss or medication changes were noted
[108].

Agnoletti et al. reported another case of a 42-year-old
man with severe OSA with AHI of 44 and spontaneous right-
to-left shunt through PFO seen with TOE [109]. This patient
was initially treated with CPAP, which improved his AHI to
3, but the patient still had fatigue, dyspnoea, and desat-
uration on exertion. Finally, percutaneous closure of the

PFO was performed, allowing complete resolution of symp-
toms [109]. Pinet and Orehek reported a case of a patient
with severe OSA (AHI 82) and right-to-left shunting through
a PFO [110]. The shunt was demonstrated by transcranial
Doppler and confirmed with TOE. After 1 week of CPAP,
his AHI dropped to 3. Further transcranial Doppler analy-
sis did not show any passage of microbubbles during normal
breathing, suggesting the absence of shunt at rest. Shunt
was nevertheless still present during Valsalva [110].

Some assumptions can be made from these few anecdo-
tal cases. First, percutaneous closure of PFO decreases the
passage of deoxygenated blood in the left atria. This limits
intermittent hypoxaemia and the risk of periodic breathing
that may aggravate OSA. Passage of neurohumoral mediators
through PFO triggering OSA has also been evoked, but has
never been proven. Secondarily, CPAP limits the variation
of intrathoracic pressure and diminishes hypoxaemia and
arterial pulmonary pressure, thus decreasing right-to-left
shunting.

Summary and conclusions

Despite variations in different studies, the prevalence of
PFO in the general population may be considered as high
(10—30%). With a prevalence of 9% in women and 24% in men,
OSA is also a common disorder. It is thus easy to suggest that
numerous patients present both PFO and OSA. Actual avail-
able epidemiological data are insufficient to demonstrate a
correlation between PFO and OSA, but suggest an increase
of prevalence of PFO in OSA patients.

PFO is usually asymptomatic and OSA also remains
frequently undiagnosed. This explains the fact that the asso-
ciation of both of these pathologies is poorly known and
little studied. Only one very recently published review has
addressed this question [111].

OSA and PFO have both been independently suspected
to increase the risk of stroke, but their association has
never been specifically studied. Even though PFO remains
asymptomatic in most cases, right-to-left shunting may
favour paradoxical systemic embolization and is considered
as a potential risk factor for stroke. OSA also confers an
increased incidence of hypertension, nocturnal arrhythmias
and haematological disturbances, thus increasing the risk
of stroke and cardiovascular morbidity. OSA leads itself to
desaturation and hypoxaemia, which may be aggravated
by PFO due to right-to-left shunting. Right-to-left shunt-
ing through the PFO is favoured by elevation of pressure
in the right atrium created by apnoeas and is reinforced by
hypoxic pulmonary vasoconstriction. Therefore, it is possi-
ble to hypothesise that the association of PFO and OSA might
create a cumulative risk for stroke, and that PFO may be an
aggravating factor in OSA, increasing the risk of periodic
breathing.

In the future, large epidemiological studies should assess
the association of PFO and OSA in patients to determine
their risk of stroke. The role of PFO closure in these patients
should also be studied to determine its efficiency in prevent-
ing stroke. In our opinion, a thorough investigation of OSA
should be performed in patients with PFO who have suffered
from stroke in order to decide on the appropriate preven-
tion. We are not advocating investigation of PFO in all OSA
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Summary Patent foramen ovale and obstructive sleep apnoea are frequently encountered
in the general population. Owing to their prevalence, they may coexist fortuitously; however,
the prevalence of patent foramen ovale seems to be higher in patients with obstructive sleep
apnoea. We have reviewed the epidemiological data, pathophysiology, and the diagnostic and
therapeutic options for both patent foramen ovale and obstructive sleep apnoea. We focus on
the interesting pathophysiological links that could explain a potential association between both
pathologies and their implications, especially on the risk of stroke.
© 2011 Elsevier Masson SAS. All rights reserved.

MOTS CLÉS
Foramen ovale
perméable

Résumé Le foramen ovale perméable et le syndrome d’apnées obstructives du sommeil sont
fréquemment rencontrés dans la population générale. En raison de leur prévalence, ils peuvent
coexister fortuitement mais la prévalence du foramen ovale perméable semble néanmoins être

Abbreviations: AHA, American Heart Association; AHI, apnoea-hypopnoea index; ASA, atrial septal aneurysm; CI, confidence interval;
CPAP, continuous positive airway pressure; ESO, European Stroke Organisation; FDA, Food and Drug Administration; HR, hazard ratio; OR,
odds ratio; OSA, obstructive sleep apnoea; PFO, patent foramen ovale; POS, platypnoea and orthodeoxia syndrome; TIA, transient ischaemic
attack; TOE, transoesophageal echocardiography; TTE, transthoracic echocardiography.
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Conclusion

ü HTP modérée dans 20% des SAOS

ü Le FOP a une prévalence élevée dans la population générale et plus élevée 
au cours du SAOS

ü Une apnée obstructive prolongée peut provoquer des conditions hémodynamiques 
entrainant un shunt droit-gauche

ü Un shunt droit-gauche via un FOP aggrave la désaturation nocturne lors 
des apnées obstructives. Ceci peut aggraver les symptômes et conséquences du SAS

ü PHRC SAOS et HTP 


