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Definition 

During sleep 

 

 Apnea: no « airflow » for at least 10 sec 

 Hypopnea: reduction in « airflow » for at 
least 10 sec with oxygen desaturation and/or 
a sleep arousal 

 

 Apneas and hypopneas should be 
differentiated in obstructive and central. 
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Difference obstructive vs central 

Difference obstructive vs central 

  
Patients with predominantly central sleep apnea  
                      constitute only < 5% 
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Only obstructive sleep apnea (OSA) will be discussed  

  
Patients with predominantly central sleep apnea  
                      constitute only < 5% 
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Increasing lung volume causes a caudal displacement of the intrathoracic trachea 
which causes caudally directed forces on the pharynx. The resulting passive 
axial tension in the pharyngeal wall tends to open the pharynx.  

During wake, there is a tonic (continuous) 

tonus of the pharyngeal “orodilator 

muscles”. 

 

 

PLUS in case of suction on the  

pharyngeal wall with tendency to 

collapse, a phasic increased orodilator 

tonus appears to avoid pharyngeal 

collapse.  
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Sleep 

Normal --- >snoring --- > hypopnea --- > apnea 

Normal 
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Anatomical pharyngeal narrowing  
is rarely the only cause, exceptions are “huge” tonsils 

(in children) or “impressive “ micro and/or 
rethrognathia.  

 

Anatomical pharyngeal narrowing  
is rarely the only cause, exceptions are “huge” tonsils 

(in children) or “impressive “ micro and/or 
rethrognathia.  

 
Increased collapsibility of the pharynx 
due to: 
- increased compliance of the pharyngeal wall and/or  
- important amount of tissue mass around the 

collapsible pharyngeal wall.  
The example: obesity ! 
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+/- 70 % of OSA are obese 

 

OSA is present in +/- 40% of obese  

(men > women) 
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Anatomical pharyngeal narrowing  
is rarely the only cause, exceptions are “huge” tonsils 

(in children) or “impressive “ micro and/or 
rethrognathia.  

 
Increased collapsibility of the pharynx 
due to: 
- increased compliance of the pharyngeal wall and/or  
- important amount of tissue mass around the 

collapsible pharyngeal wall.  
The example: obesity ! 

 
“Balance of forces” theory” 
During inspiration the contraction of the pharyngeal 

dilatory muscles appears 100-200 msec earlier 
than the inspiratory diaphragmatic contraction. In 
case of no correct time balance in muscle 
activation  pharyngeal collapse can appear.  

peripharyngeal fat 

resting lung 

volume 

Anatomical pharyngeal narrowing  
is rarely the only cause, exceptions are “huge” tonsils 

(in children) or “impressive “ micro and/or 
rethrognathia.  

 
Increased collapsibility of the pharynx 
due to: 
- increased compliance of the pharyngeal wall and/or  
- important amount of tissue mass around the 

collapsible pharyngeal wall.  
The example: obesity ! 

 
“Balance of forces” theory” 
During inspiration the contraction of the pharyngeal 

dilatory muscles appears 100-200 msec earlier 
than the inspiratory diaphragmatic contraction. In 
case of no correct amplitude + time balance in 
muscle activation  pharyngeal collapse. 
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Key – symptoms: 

 

“Continuous” snoring 

Witnessed apneas 

“Hypersomnolence” during daytime 

OSA 

= arousal 
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To fall asleep not always present 

 

 

 

word preferred to describe their problem 

(Chervin Chest 2000)

40%

22%

20%

18% lack of energy

sleepiness

tiredness

fatigue

“Hypersomnolence” 
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Mechanisms? 
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quite obvious ! 

ar ar 

Repetitive struggling ! 
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During each obstructive event there is an increase in sympathetic activity (represented in 

the slide as muscle sympathetic nerve activity (SNA)) which is accompanied by a BP 

increase.  

 

There are substantial data providing support that asphyxia during the apnoea acutely 

stimulates chemoreceptors  

and chemoreceptor stimulation acts through the central nervous system to increase 

sympathethic neural activity: BP increases as the apnoea progresses. 

During the resumption of ventilation, the restoration of venous return and consequently  

increased cardiac output, together with severely constricted peripheral circulation, 

contribute to an acute increase in BP. 

 
 

 

ACUTE = cyclic BP increases over the night 



17 

Xie (JAP 2000) administered to healthy subjects intermittently a hypercapnic hypoxic gas mixture (20 sec 

on the gas mixture, 40 sec normoxia). 

 

MuscleSNA followed a cyclic crescendo decrescendo pattern (increase with asphyxia, decrease with 

normoxia), but with each successive interasphyxia period, muscleSNA became progressively elevated, 

not returning to baseline, already within minutes. 

 

There exist human clinical data suggesting that chemoreflex sensitivity can be reset, augmented 

following exposure to cyclic intermittent hypoxia, resulting in a concomittant depressed baroreceptor 

control sensitivity. 

 

 

  

 

NIGHTLY CYCLIC SYMPATHETHIC OVERACTIVITY  SUSTAINED 24 h HT 

? 

ACUTE

Repetitive hypoxia/             

re-oxygenation

Repetitive arousals

Repetitive 

intrathoracic

pressure swings

INTERMEDIARY

MECHANISMS

Sustained 

sympathetic 

overactivity

Oxidative stress 

inflammation

Hypertension

Endothelial 

Dysfunction

CARDIO-

VASCULAR 

DISEASE

Cerebrovascular

disease

Cardiac ischaemia

Cardiac failure



18 

Adhesion

Injury

ROS

Endothelial dysfunction

Sympathetic
activation

??

Transcription factor activation AdaptiveInflammatory

EPO  

VEGF  

HSPs

OSA - intermittent hypoxia

Activation

Adhesion molecules

Cytokines: IL-6, IL-8, TNF-, IL-10

Monocytes    

Lymphocytes 

Platelets

Endothelial 

cells

NFB, AP-1 HIF-1

direct injury +  

lipid 

peroxidation

Endothelial 
NO 

Time (hrs)

O2

sat.

(%)

ATP

Xanthine

Dehydrogenase

Hypoxanthine            Xanthine  

Oxidase

O2

Urate + O2
-. + H2O2

OH. 

Is
c
h
e
m

ia
 

p
e
rio

d

R
e
p
e
rfu

s
io

n

p
e
rio

d

=

HT 

Atherosclerosis 

Adhesion

Injury

ROS

Endothelial dysfunction

Sympathetic
activation

??

Transcription factor activation AdaptiveInflammatory

EPO  

VEGF  

HSPs

OSA - intermittent hypoxia

Activation

Adhesion molecules

Cytokines: IL-6, IL-8, TNF-, IL-10

Monocytes    

Lymphocytes 

Platelets

Endothelial 

cells

NFB, AP-1 HIF-1

direct injury +  

lipid 

peroxidation

Endothelial 
NO 

Time (hrs)

O2

sat.

(%)

ATP

Xanthine

Dehydrogenase

Hypoxanthine            Xanthine  

Oxidase

O2

Urate + O2
-. + H2O2

OH. 

Is
c
h
e
m

ia
 

p
e
rio

d

R
e
p
e
rfu

s
io

n

p
e
rio

d

=

HT 

Atherosclerosis 



19 

ACUTE

Repetitive hypoxia/             

re-oxygenation

Repetitive arousals

Repetitive 

intrathoracic

pressure swings

INTERMEDIARY

MECHANISMS

Sustained 

sympathetic 

overactivity

Oxidative stress 

inflammation

Hypertension

Endothelial 

Dysfunction

CARDIO-

VASCULAR 

DISEASE

Cerebrovascular

disease

Cardiac ischaemia

Cardiac failure

The blood vessel is a dynamic organ capable of sensing injury (due to shear  

stress in case of HT, excessive ROS production), communicating such injury 

via intracellular signals, and subsequently altering its structure  

(vasodilation <-> vasoconstriction  remodelling/atherosclerosis). 
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proofs??? 

Obstructive sleep apnea is now on the list of 

the causes of secondary hypertension  

 

promulgated by the Joint National Council 

on Hypertension. 

 

                       Chobanian. JAMA 2003. 
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Young. Sleep 2008; 1071  

Follow-up during 10.1 +/-1.6 yrs of a male 
population (n=1651): 

 
 264 healthy men 

377 simple snorers 

403 untreated mild-moderate OSA 

235 untreated severe OSA 

372 CPAP treated OSA 

Marin. Lancet 2005; 1046  
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Odds ratio (95% CI) 
on incidence of fatal CVS events: 
 
Part*adj: 3.02 (1.44-7.33) – 
p=0.015 
 
Fully**adj 2,87(1,17-7,54) – 
p=0.025 

Odds ratio (95% CI) 
on incidence of non-fatal CVS 
events: 
 
Part* adj: 3.32 (1.24-7.41) – 
p=0.0005 
 
Fully** adjj: 3,17(1,12-7,52) – 
p=0.001 

*for all kind of cardiovascular risks  

    (age, BMI, smoking, …..cholesterol, diabetes)  

 

** also including hypertension, baseline  cardiovascular disease 

NS 

Subjects on CPAP treatment using CPAP > 4 h/night presenting a 
baseline AHI>30 or AHI in between 5 and 30 with symptoms 
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CVD Mortality rates in snorers, mild to moderate and CPAP 

treated patients (Data from Marin et al, 2005 and Lavie et al, 

2006, personal communication)
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CVD Mortality rates of snorers, mild to moderate, severe and 

CPAP treated patients (Data from Marin et al. 2005, Lavie et 

al. 2006, personal communication)
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Duran. AJRCCM 2001; 685 

Sleep apnea: prevalence 

OSAS: 3.4% 

OSAS: 3.0% 
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Key – symptoms: 

 

“Continuous” snoring 

Witnessed apneas 

“Hypersomnolence” during daytime 

Nycturia 

Impotence 

 

Hypertension and  

cardiovascular morbidity 

+ 
!!! 

Studies of OSA have shown that severe OSA constitutes an important 

cardiovascular morbidity/mortality risk that can be reduced by proper treatment.  

 

Moreover, in view of the higher cardiovascular morbidity/mortality risks in younger 

patients, diagnosis and treatment of the syndrome should be carried out at the 

earliest age possible. 
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CPAP 

- Pneumatic splint 

- Reduces upper airway edema that result from chronic vibration 

                                                                              and occlusion of the airway 
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Questions? 


