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Objectives 

 Participants will gain an understanding of the 
different types of diagnostic sleep studies, 
their indications and limitations 

 Participants will gain an understanding of 
interpreting sleep studies and trouble-
shooting the results 

 Participants will gain an understanding of the 
different types of sleep apnea devices  
available 
 
 



Lecture Outline 

 Definitions 
 Pathophysiology  
 Diagnosis 
 History 
 Physical Exam 
 Polysomnogram and Home Sleep Tests 

 Treatment 
 CPAP 
 OA 
 Alternative Therapies 

 Medicare Considerations 
 
 
 
 



Sleep Apnea 

 Apnea/Hypopnea Definition: 
 Repetitive cessation or reduction 

of airflow during sleep 
 Associated with arousals and 

awakenings 
 Results in sleep fragmentation and 

oxygen desaturations 
 



Types of Sleep Disordered Breathing 

 Apnea 
 Cessation of airflow > 10 seconds 

 Hypopnea 
 ↓ airflow ≥30% from baseline lasting > 

10 seconds associated with > 4% 
desaturation 

 Respiratory Event Related Arousal 
 Repetitive, short arousals caused by the increased 

work of breathing 

Presenter
Presentation Notes
Slide 4When abnormal breathing patterns disrupt sleep, this is called sleep-disordered breathing. There are different types which can occur in one of several patterns.  During sleep testing, there are multiple methods of monitoring airflow. In the 2007 AASM scoring manual, the use of both a nasal pressure transducer and an oral thermistor was recommended for monitoring airflow.1In the 2007 manual, an apnea is defined as the cessation of airflow in both the nasal pressure transducer and oral thermistor for 10 or more seconds.  Controversy has existed about the definition of hypopnea. However, recent studies from the Sleep Heart Health Study on the relationship between sleep disordered breathing and cardiovascular disease have provided an evidence base for a standard definition.2   In these studies, hypopnea was defined as an event lasting at least 10 seconds with a greater than 30% reduction in thoracoabdominal movement or airflow, and with at least a 4% oxygen desaturation.  When a 4% desaturation criteria is applied to the definition of hypopnea significant cardiovascular co-morbidity has been detected at an AHI  5. In 2007, the AASM Manual defined hypopnea as a drop of  30%  in airflow from baseline in the nasal pressure transducer lasting at least 10 seconds and accompanied by a  4% drop in oxyhemoglobin saturation.1 An alternative definition was also provided:  50% drop in airflow from baseline associated with either a  3% drop in oxyhemoglobin desaturation or an arousal from sleep. For this talk, hypopnea will be broadly defined as those obstructive events, lasting > 10 seconds, accompanied by either oxyhemoglobin desaturation or an arousal.1.	Iber C, Ancoli-Israel S, Chesson AL, Quan SF. The AASM Manual for the Scoring of Sleep and Associated Events: Rules, Terminology and Technical Specifications. Westchester, IL: American Academy of Sleep Medicine; 2007.2.	Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence of sleep-disordered breathing among middle-aged adults. N Engl J Med 1993;328(17):1230-5.



Types of Disordered Breathing 

 Obstructive 
 Collapse of pharyngeal airways during 

inspiratory effort 
 Central 
 Respiratory efforts are decreased or 

absent 
 Mixed 
 Initial central apnea followed by 

obstructive apnea 
 
 

 
 

 



Apnea Patterns 

Obstructive  Mixed Central 

 Airflow 

Respiratory 
effort 

Presenter
Presentation Notes
Slide 5There are 3 characteristic patterns of apnea.An obstructive apnea is defined by the absence of airflow despite persistent ventilatory efforts, demonstrated by contraction of respiratory muscles such as the diaphragm.A central apnea, in contrast, is the absence of airflow due to the lack of ventilatory effort. Since no effort is made to breathe, no airflow occurs.A mixed apnea includes both central and obstructive components, usually with an initial central component followed by the obstructive component.The clinical and pathological consequences of, and treatment for, mixed and obstructive apneas and hypopneas are the same, so we will refer to them together as sleep apnea. Clinically significant central apneas are less common and will not be discussed further in this presentation.



Pathophysiology of Obstructive 
Apnea 

Wakefulness Sleep 

Presenter
Presentation Notes
Slide 15This slide shows the effect of sleep on the upper airway in a sleep apnea patient. In the figure on the left, the patient is awake and the airway is narrowed but patent. The upper airway dilator muscles are responsible for maintaining the patency of the airway despite the reduced size of the airway, which may be due to fat deposition from obesity or structural abnormalities such as retrognathia. Note that collapse, shown on the right, may occur anywhere along the upper airway, from the retropalatal space to the hypopharynx, and often occurs in multiple places. 



Definitions to Know 

 AHI (Apnea Hypopnea Index) = 
Apneas + Hypopneas per hour 
 Mild: AHI 5-15 
 Moderate: AHI 16-29 
 Severe: AHI > 30 

 RDI (Respiratory Disturbance 
Index)= apneas + hypopneas + RERAs 

 

 



Meet Mr. Small 

 55 yo male  
 h/o HTN, atrial fibrillation  
 What symptoms to ask about? 

 
 

 What physical exam findings are relevant? 



 Symptoms to review: 
 Snoring 
 Excessive daytime somnolence 
 Witnessed apneas 

 Physical Exam Findings: 
 Obesity 
 Big neck 

> 17” neck – males 
> 16” neck - females 

 Mandible anatomy 
 Upper Airway Anatomy 
 Mallinpotti Score 

 
 



Sleep Apnea Risk Factors 
 Increasing age 

 Male gender 

 Family history 

 Alcohol or sedative use 
 Cause myorelaxation  collapse of 

airway 

 Smoking 

Presenter
Presentation Notes
Slide 28A number of factors which put people at higher risk for developing sleep apnea are listed on this slide. The most common risk factor is the presence of obesity, specifically measures of central obesity. Upper body fat distribution is one of the major contributing factors to the development of sleep apnea. In both sexes the syndrome is more prevalent with increasing age2, reaching very high rates in patients over 65 years.23 Males appear to have a higher rate of sleep apnea than women, with a ratio of 2-3:1.2. 24 Any condition resulting in an anatomic abnormality which narrows the posterior airspace can predispose to the development of sleep apnea. This includes nasal obstruction, retro- or micrognathia, tonsillar hypertrophy and macroglossia. Several studies have demonstrated a higher risk for development of sleep apnea if there is a family history of the disorder, with increasing risk with increasing number of affected relatives.25 Use of alcohol or sedative medication can contribute to the development of sleep apnea through their relaxant effect on the upper airway muscles.26 A longitudinal epidemiological study showed that smokers are at an increased risk for developing sleep apnea, with current smokers at greater risk than nonsmokers, and heavy smokers having the greatest risk.27 Cessation of smoking resulted in the elimination of the increased risk. Associated conditions: Hypothyroidism can contribute to the development of sleep apnea through the development of macroglossia or obesity, and through its effect on upper airway muscle function. Other conditions in which sleep apnea has been reported – due to their effects on upper airway anatomy or muscle function – include acromegaly, amyloidosis, vocal cord paralysis, post-polio syndrome, neuromuscular disorders, Marfan syndrome and Down syndrome. 2.	Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence of sleep-disordered breathing among middle-aged adults. N Engl J Med 1993;328(17):1230-5.23.	Bixler EO, Vgontzas AN, Ten Have T, Tyson K, Kales A. Effects of age on sleep apnea in men: I. Prevalence and severity. Am J Respir Crit Care Med 1998;157(1):144-8.24.	Redline S, Kump K, Tishler PV, Browner I, Ferrette V. Gender differences in sleep disordered breathing in a community-based sample. Am J Respir Crit Care Med 1994;149(3 Pt 1):722-6.25.	Redline S, Tishler PV, Tosteson TD, et al. The familial aggregation of obstructive sleep apnea. Am J Respir Crit Care Med 1995;151(3 Pt 1):682-7.26.	Issa FG, Sullivan CE. Alcohol, snoring and sleep apnea. J Neurol Neurosurg Psychiatry 1982;45(4):353-9.Wetter DW, Young TB, Bidwell TR, Badr MS, Palta M. Smoking as a risk factor for sleep-disordered breathing. Arch Intern Med 1994;154(19):2219-24.+ family history, retrognathia; M:F 2-3:1; menopausal state in women; increases with age plateau about 55; 10% increase in body weight assoc with 6X increase in risk for OSA.  Central obesity greater risk than general.  Neck circ > 17 inches men, 16 inches women; macroglossia, nasal congestion; current smokers 3X higher risk



Epworth Sleepiness Scale 

 • Eight questions 
• Subjective assessment of symptoms 
• Answered by 0-3 point response 
• Measures Chronic daytime somnolence 
• Score >10 strongly associated with daytime 

sleepiness; >15 marked sleepiness 
 
• May also be used to assess response to 

treatment 
 



 



Mr. Small 

 Snored “forever” 
 Wife complains that he stops breathing 
 No symptoms of daily sleepiness- ESS 7 
 + Retrognathia and micrognathia 
 BMI 37 
 Mallinpotti 4 

 
 



Physical Examination 

 Retrognathia 
Micrognathia 

Guilleminault C et al.  Sleep Apnea Syndromes.  New York: Alan R. Liss, 1978. 

Structural Abnormalities 

 

Presenter
Presentation Notes
Slide 43This patient demonstrates structural abnormalities which can lead to airway narrowing and sleep apnea. Note the presence of a thick neck and retrognathia.4343.	Coccagna G. The bird-like face syndrome (acquired micrognathia, hypersomnia, and sleep apnea). In: Guilleminault C, Dement WC, eds. Sleep Apnea Syndromes. New York: Alan R. Liss; 1978:259-71.



Mallampati Classification 

Mallampati et al.  Can Anaest Soc J, 32 (4), 429-34, 1985. 

Presenter
Presentation Notes
1- Complete visualization of the soft palate2- complete visualization of uvula3- visualization of only the base of the uvula4- Soft palate is not visible at all. 



   1994-1998   VS  2007-2010 
Men 

Women 

Peppard.  Am J 
Epidemiol 
2013;177(9):1006-1014 

Presenter
Presentation Notes
Wisconsin Sleep Cohort1988- Asked all employees ages 30-60 in 5 state agencies in south-central WI to parcipate in sleep survey.  Then some asked to complete PSG q 4 years from 1988 June 2011.    53% agreed!  Now over 4,500 studies completed.  Obtained baseline data – BMI, medical history, etoh use, smoking habits, sleep habits, ESSDeveloped model of SDB prevalence as a function of gender, age and BMI Applied the model to their cohort of 30-70 yo  to data from 1990s and presentWisconsin Sleep Cohort Study- 2007-201030-70 year oldAHI > 15Men – 13%Women- 6%AHI > 5 with symptoms of daytime sleepiness Men – 14%Women- 5%



You Suspect OSA…  

 Mr. Small DOES not want another diagnosis 
and does not think this is a big deal.  
 

 What do you tell him ?  



Consequences:  
Excessive Daytime Sleepiness 
 Increased motor vehicle crashes 

 Increased work-related accidents 

 Poor job performance 

 Depression 

 Family discord 

 Decreased quality of life 

Presenter
Presentation Notes
Slide 18The repetitive arousals which terminate the apneic episodes cause multiple awakenings each night. The patients are usually not aware of these events because they are brief. However, they cause disruption of the restorative effect of sleep. As a result, patients often wake up unrefreshed and sleepy. They complain of sleepiness during the day despite what should be adequate (and sometimes excessive) amounts of time in bed. This daytime sleepiness can have significant consequences.It has been shown that patients with sleep apnea have an increased incidence of motor vehicle crashes6 and work related accidents, poor job performance, depression, family discord, and overall decreased quality of life.7, 86.	Sassani A, Findley LJ, Kryger M, Goldlust E, George C, Davidson TM. Reducing motor-vehicle collisions, costs, and fatalities by treating obstructive sleep apnea syndrome. Sleep 2004;27(3):453-8.7.	Bennett LS, Barbour C, Langford B, Stradling JR, Davies RJ. Health status in obstructive sleep apnea: relationship with sleep fragmentation and daytine sleepiness, and effects of continuous positive airway pressure treatment. Am J Respir Crit Care Med 1999;159(6):1884-90.8.	Day R, Gerhardstein R, Lumley A, Roth T, Rosenthal L. The behavioral morbidity of obstructive sleep apnea. Prog Cardiovasc Dis 1999;41(5):341-54.



Consequences:  
Automobile Accidents 

Sassani, et al., Sleep 2004; 27:453 

Presenter
Presentation Notes
Slide 19There is an extensive literature on the relationship between sleep-disordered breathing and the risk of having a motor vehicle accident.  This slide shows the results of a meta-analysis of 6 of the larger studies that studied the relationship between OSA and motor vehicle accidents (MVAs).  Overall, the meta-analysis indicates that patients with OSA have a 2.5 times increased risk of a motor vehicle compared to drivers without OSA.  The authors of this study estimated that in the year 2000, 800,000 drivers were in an OSA related MVA with a cost of $15.9 billion and 1400 lives.  They estimated that if all drivers with OSA in the US were treated with continuous positive airway pressure (CPAP), the estimated savings would be $11.1 billion in collision costs and 980 lives saved annually.6 6.	Sassani A, Findley LJ, Kryger M, Goldlust E, George C, Davidson TM. Reducing motor-vehicle collisions, costs, and fatalities by treating obstructive sleep apnea syndrome. Sleep 2004;27(3):453-8.



Consequences: Cardiovascular 

 Hypertension 

 Cardiac arrhythmias 

 Cardiovascular disease  

 Myocardial ischemic 

 Congestive heart failure 

 Cerebrovascular disease 

 

Presenter
Presentation Notes
Slide 21The second major category of morbidity from sleep apnea is that caused by cardiovascular dysfunction. Systemic hypertension has been reported in up to 50% of patients with sleep apnea.10 This is in part related to the common risk factor for both disorders of obesity. With apneic events, there are cyclical increases in systemic blood pressure associated with increased sympathetic tone.11 In some patients, the elevation in sympathetic tone persists into the daytime. Mean morning blood pressure has been shown to increase almost linearly with increasing apneic activity in both obese and non-obese patients.12 Cardiac arrhythmias have also been associated with sleep apnea.13 In the Sleep Heart Health Study, atrial fibrillation, non-sustained ventricular tachycardia and complex ventricular ectopy were all observed at higher rates in the subjects with sleep apnea compared to those without.  In patients with underlying coronary artery disease, myocardial ischemia and perhaps infarction may be triggered by the hypoxemia, reduction in heart rate, and rise in blood pressure seen during severe apneic events.14 There is also evidence for increased prevalence of congestive heart failure in patients with sleep-disordered breathing.15 Finally, there are 2 large cohort studies that have found a relationship between sleep-disordered breathing and an increased incidence of stroke.16, 1710.	Fletcher EC. The relationship between systemic hypertension and obstructive sleep apnea: facts and theory. Am J Med 1995;98(2):118-28.11.	Shepard JW, Jr. Hypertension, cardiac arrhythmias, myocardial infarction, and stroke in relation to obstructive sleep apnea. Clin Chest Med 1992;13(3):437-58.12.	Strohl KP, Novak RD, Singer W, et al. Insulin levels, blood pressure and sleep apnea. Sleep 1994;17(7):614-8.13.	Mehra R, Benjamin EJ, Shahar E, et al. Association of nocturnal arrhythmias with sleep-disordered breathing: The Sleep Heart Health Study. Am J Respir Crit Care Med 2006;173(8):910-6.14.	Hung J, Whitford EG, Parsons RW, Hillman DR. Association of sleep apnoea with myocardial infarction in men. Lancet 1990;336(8710):261-4.15.	Shahar E, Whitney CW, Redline S, et al. Sleep-disordered breathing and cardiovascular disease: cross-sectional results of the Sleep Heart Health Study. Am J Respir Crit Care Med 2001;163(1):19-25.16.	Arzt M, Young T, Finn L, Skatrud JB, Bradley TD. Association of sleep-disordered breathing and the occurrence of stroke. Am J Respir Crit Care Med 2005;172(11):1447-51.17.	Yaggi HK, Concato J, Kernan WN, Lichtman JH, Brass LM, Mohsenin V. Obstructive sleep apnea as a risk factor for stroke and death. N Engl J Med 2005;353(19):2034-41.



Consequences: Mortality 

Marshall et al. Sleep 2008; 31:1079-1085 Young et al. Sleep 2008; 31:1071-1078 

Busselton, Australia Wisconsin Cohort 

RDI > 15 

RDI < 5 

RDI 5-15 

Years of follow-up 

Presenter
Presentation Notes
Slide 22Several reports have shown an increased mortality for patients with sleep apnea.18-20 This slide shows the mortality related results from 2 cohorts. For the Wisconsin Cohort Study, a large (n = 1500 subjects) longitudinal cohort study, the plot on the left shows mortality with follow-up of up to 18 years from initial sleep study. In this study, all cause mortality, adjusted for gender, BMI and age was significantly increased (hazard ratio = 3.0).  This effect was still observed after removing 126 subjects who had been treated with CPAP.  In the Busselton cohort from Australia, subjects were followed for a mean of 14 years from initial sleep study. As can be seen in the plot on the right, moderate-severe OSA (AHI > 15) was also associated with increased mortality (adjusted hazard ratio = 6). 18.	Marin JM, Carrizo SJ, Vicente E, Agusti AG. Long-term cardiovascular outcomes in men with obstructive sleep apnoea-hypopnoea with or without treatment with continuous positive airway pressure: an observational study. Lancet 2005;365(9464):1046-53.19.	Marshall NS, Wong KKH, Liu PY, Cullen SRJ, Knuiman MW, Grunstein RR. Sleep apnea as an independent risk factor for all-cause mortality: the Busselton Health Study. Sleep 2008;31(8):1079-85.20.	Young T, Finn L, Peppard PE, et al. Sleep Disordered Breathing and Mortality: Eighteen-Year Follow-up of the Wisconsin Sleep Cohort. Sleep 2008;31(8):1071-8.



Differential Diagnosis of 
Excessive Sleepiness 
 Fragmented sleep 
 Insomnia 
 Sleep apnea or UARS 
 PLMD, bruxism 
 Medical conditions (pain, nocturia) 

 Circadian rhythm sleep disorder 
 Insufficient sleep syndrome 
 Medication or substance use or withdrawal 
 Narcolepsy 
 Recurrent hypersomnia (Kleine-Levin) 



Mr. Small Agrees to Pursue a 
Diagnosis… 

 
 What diagnostic study will send Mr. Small 

for?  



Diagnosis 
 In-laboratory full night polysomnography 

(PSG) 

 Diagnostic Studies  

 Split night studies 

 Home diagnostic systems 

 Oximetry 

 Home Sleep Tests 

Presenter
Presentation Notes
Slide 47Physiologic monitoring is required to make the diagnosis of sleep apnea. The options are listed on this slide.In-laboratory full-night polysomnography is the current gold standard and involves the measurement of multiple physiologic parameters while the patient sleeps in the sleep laboratory.A variant of this, the split-night study, incorporates 2 to 4 hours of diagnostic time and 3 to 4 hours of treatment time into a single night.Another option is to use a variety of home diagnostic systems. These range from quite simple approaches such as oximetry, which measures only one physiologic parameter, to more complex ones such as full polysomnography in the home.  Some of these devices are now covered under Medicare benefits, and it is expected that their utilization will increase in the future.48The availability of resources and the population to be studied will frequently dictate the optimal approach to testing.48.	Collop NA, Anderson WM, Boehlecke B, et al. Clinical guidelines for the use of unattended portable monitors in the diagnosis of obstructive sleep apnea in adult patients. Portable Monitoring Task Force of the American Academy of Sleep Medicine. J Clin Sleep Med 2007;3(7):737-47.



Polysomnogram 

 Gold-Standard for Diagnosis 
 EEG, EOG, Oximetry, Capnography, Leg 

muscle activity, Chest and abdominal effort, 
airflow, observations, sleep position, video 
monitoring, ECG 

 30 minutes set-up time 
 Real-time monitoring/interactions 
 Offers possible therapeutic interventions 
 Usually well-tolerated and efficient 



 



Polysomnography- Set Up 

Presenter
Presentation Notes
Slide 48This slide shows the setup of equipment on a patient undergoing overnight polysomnography. Note the multiple EEG, EOG, EMG and respiratory electrodes required for full physiologic monitoring.



Nocturnal Oximetry 
 
 Can indicate the oxygen desaturation index 

(ODI) 
 # of 4% desaturations per hours 

 Look for pattern of “sawtooth abnormalities” 
 Indicates frequent saturation/ desaturation events 

that occur with apneic/ hypopneic events 





Home Sleep Test 

 Type 3 Device – No technician, usually at 
home 
 Monitors at least 4 variables – 
 2 respiratory (flow and effort) 
 Cardiac variable 
 Oxygen saturation 

 





Home versus Inpatient? 



Advantages of Home Sleep 
Tests 
 Convenience 
 At home in typical sleeping environment 
 Can be done at altitude 

 Cost 
 Better patient acceptance 

 



Limitations of HST 

 Does not determine sleep or sleep stages.   
 Averages # of events/ recording time (instead of sleep 

time)   the AHI from HST underestimates severity of 
disease, leads to false negatives 

 Unable to determine REM 
 Does not assess arousals, therefore can’t diagnose 

RERAs 

 Does not determine position 
 Not validated for central disease 
 Inability to diagnose and determine treatment 

on the same night 



Patient Selection 

 High Pretest probability of OSA (moderate to 
severe disease) 

 No comorbid conditions 
 Pulmonary disease 
 Neuromuscular disease 
 CHF 

 Do NOT use if other sleep diagnosis are 
suspected 

 Assessment of positional therapy or OA in 
patients with a known h/o OSA 



Study Selection: 

 Mr. Small 
 Ideal for a Home Sleep Test 

 
 No comorbidities  
 No CHF, pulmonary disease, NM disease 

 

 High pretest probability 
 
 



Mr. Smalls results 

 AHI – 33 
  Severe sleep apnea 

 Desaturation Index- 30 
 Lowest desaturation – 83% 
 Spent 12% of the study with an oxygen level < 

90% 



 Negative HST results in a patient with a high 
probability of OSA should proceed to an in-
lab polysomnogram 



But – Mr. Big, his brother 

 65 yo male 
 h/o HTN, CAD, COPD with supplemental 

oxygen, CHF- EF 37% 
 BMI 30, Mallinpotti 3, Neck 18cm 

 
 What  Type of Study would you order for him? 

 



Mr. Big 

 Needs an inpatient polysomnogram 
 

 Comorbidities 
 CHF 
 at risk for central sleep apnea 

 COPD  
 On supplemental oxygen  
 Will need oxygen at night – but how much 



Treatment Objectives 

 Reduce morbidity and mortality 

 Reduce sleepiness 

 Decrease cardiovascular 
consequences 

 Improve quality of life  

Presenter
Presentation Notes
Slide 55The goal of treatment for patients with sleep apnea should be the reduction of morbidity and mortality and improvement of their quality of life. This can be accomplished by preventing the cardiovascular consequences of sleep apnea and reducing the complications of daytime sleepiness.



Behavioral Interventions 

 Encourage patients to: 

 Lose weight 

 Avoid alcohol and sedatives 

 Avoid sleep deprivation 

 Avoid supine sleep position 

 Stop smoking 

Presenter
Presentation Notes
Slide 58A variety of behavioral interventions are available to modify sleep apnea. Where appropriate, weight loss should be encouraged.50, 51 Alcohol and sedatives should be avoided as they induce instability and promote collapsibility of the upper airway during sleep.52 Sleep deprivation also leads to upper airway instability during sleep, increasing the likelihood of collapse.53 Avoiding the supine position may modify the severity of the apnea in patients with position-dependent sleep apnea.54 Finally, smoking cessation should be encouraged since data suggests that smoking is an independent risk factor for sleep apnea.2727.	Wetter DW, Young TB, Bidwell TR, Badr MS, Palta M. Smoking as a risk factor for sleep-disordered breathing. Arch Intern Med 1994;154(19):2219-24.50.	Peppard PE, Young T, Palta M, Dempsey J, Skatrud J. Longitudinal study of moderate weight change and sleep-disordered breathing. Jama 2000;284(23):3015-21.51.	Smith PL, Gold AR, Meyers DA, Haponik EF, Bleecker ER. Weight loss in mildly to moderately obese patients with obstructive sleep apnea. Ann Intern Med 1985;103(6 ( Pt 1)):850-5.52.	Sanders MH. Medical therapy for sleep apnea. In: Kryger M, Roth T, Dement WC, eds. Principles and practice of sleep medicine. Philadelphia: W.B. Saunders; 1994.53.	Neilly JB, Kribbs NB, Maislin G, Pack AI. Effects of selective sleep deprivation on ventilation during recovery sleep in normal humans. J Appl Physiol 1992;72(1):100-9.54.	Cartwright R, Ristanovic R, Diaz F, Caldarelli D, Alder G. A comparative study of treatments for positional sleep apnea. Sleep 1991;14(6):546-52.



Medical Interventions 
 Positive airway pressure 

 Continuous positive airway pressure (CPAP) 

 Bi-level positive airway pressure 

 Auto Servo Ventilation (ASV) 

 Oral appliances 

 Other (limited role) 

 Medications 

 Oxygen 

Presenter
Presentation Notes
Slide 63A number of medical interventions are available for the treatment of sleep apnea. Pressure devices act as pneumatic splints to keep the airway from collapsing and include continuous positive airway pressure systems and bi-level positive airway systems. A variety of oral appliances have been developed which mechanically hold the airway open, preventing collapse. In certain circumstances medications and/or oxygen may play a limited role in treatment.



Positive Airway Pressure 

Presenter
Presentation Notes
Slide 65This slide depicts a patient sleeping while using a positive airway pressure system. These devices are highly portable, fit on a nightstand, and can easily be transported outside of the home.



Positive Airway Pressure 

Presenter
Presentation Notes
Slide 64This slide depicts the therapeutic effect of CPAP. In the panel on the left, you can see upper airway closure in an untreated sleep apnea patient. Note that the airway closure is diffuse, involving both the palate and the base of the tongue. In the second panel, CPAP is applied and the airway is splinted open by the positive pressure.



Benefits of CPAP: Mortality 

96% 

91% 
86% 

Campos-Rodriguez, et al., Chest 2005; 128:624 

Presenter
Presentation Notes
Slide 66Several observational cohort studies have shown that treatment with continuous positive airway pressure (CPAP) reduces mortality. This figure shows data from a historical cohort study performed in Spain in which 871 patients diagnosed with OSAS between 1994 and 2000 were followed through 2001. The cohort was divided into 3 groups based upon their compliance with CPAP: > 6 hr per night, 1-6 hr per night and < 1 hr per night.  At 5 years of follow-up (shown on the figure), the group using their CPAP < 1 hr/night had a significantly decreased survival (86%) compared to the group using their CPAP > 6hr (96%) and 1-6 hr (91%) per night.6161.	Campos-Rodriguez F, Pena-Grinan N, Reyes-Nunez N, et al. Mortality in obstructive sleep apnea-hypopnea patients treated with positive airway pressure. Chest 2005;128(2):624-33.



Benefits of CPAP: Sleepiness 
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Adapted from Lamphere J et 
al. Chest 1989;96. 

Presenter
Presentation Notes
Slide 67CPAP has been objectively shown to improve daytime sleepiness. Lamphere et al62 measured the recovery of alertness after treatment with CPAP in sleep apnea patients. As shown on this slide, treatment with CPAP increased the latency to sleep onset, a measure of sleepiness determined by the Multiple Sleep Latency Test (MSLT), into the normal range. This corresponds with a decrease in the propensity to fall asleep – the less sleepy one is, the longer it takes to fall asleep. The effect could be seen after one night on CPAP, and improved with continued use, shown by increasing sleep latency after 14 and 42 nights on CPAP.62.	Lamphere J, Roehrs T, Wittig R, Zorick F, Conway WA, Roth T. Recovery of alertness after CPAP in apnea. Chest 1989;96(6):1364-7.



Benefits of CPAP: Performance 
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Presentation Notes
Slide 68Treatment with CPAP improves alertness and daytime performance. Findley and colleagues63 tested the effect of CPAP on driving performance. They compared the number of obstacles hit in a driving simulator before and after 3 to 5 months of CPAP treatment. As shown on this slide, there was a significant decrease in the number of obstacles hit after CPAP, to a level not statistically different from that of control subjects.63.	Findley LJ, Levinson MP, Bonnie RJ. Driving performance and automobile accidents in patients with sleep apnea. Clin Chest Med 1992;13(3):427-35.



Complications of CPAP 

  Mask Leak 
 Claustrophobia 
 Skin Issues 
 Dry Mouth 
 Aerophagia 
 Rhinitis 



CPAP compliance 

• Patient report: 75% 

• Objectively measured use 

• 4 hrs for > 5 nights / week: 46% 

• Largest study of long-term adherence, 68% 
of patients were still using CPAP at 5 years.  

Kribbs . Am Rev Respir Dis 1993;147(4):887-95. 
 

Presenter
Presentation Notes
Subjective patient compliance with nasal CPAP therapy has been quite favorable, with reports of 75% or greater long-term compliance.66, 67 However, objective measures of compliance have been less encouraging. Studies indicate that many patients do not accept CPAP and initiate therapy. In addition, approximately 25% of patients do not regularly follow with their sleep physician and 75% of these are non-adherent.68 Only about half the patients are regular CPAP users, defined by use of their CPAP for 4 or more hours at least 5 nights a week.69Compliance with positive pressure therapy is similar to compliance with other types of chronic medical therapy, such as use of asthma medication, which has been found to be only about 30%.70 In the largest study of long-term adherence, 68% of patients were still using CPAP at 5 years.71 



CPAP Compliance: Predictors 

 Predict Good 
Compliance 
 Increased AHI 
 Increased daytime 

sleepiness 
 Perception of 

benefit 

 Predict Poor 
Compliance 
 Lack of EDS 
 Lack of perceived 

benefit 
 Nasal obstruction 
 Side effects 
 Claustrophobia 

Kakkar  Chest 2007;132(3):1057-72 

Presenter
Presentation Notes
In order to improve use of CPAP, it would be helpful to understand what factors contribute to compliance with CPAP therapy.  Predictive factors have not been consistent between studies.  However, in general, patient demographics, such as age, gender and BMI do not predict compliance.  Factors that have been shown to predict good compliance include: increasing AHI (although this relationship is weak and varies between studies); increased daytime sleepiness; and perception of benefit. Factors associated with poor compliance include lack of daytime sleepiness; lack of perceived benefit, nasal obstruction, side effects and claustrophobia.65, 72 



Desensitization 

1- Wear the mask alone, while awake, until it 
becomes comfortable 

2- Use the mask with the CPAP machine, while 
awake, until it becomes comfortable 

3- Put on the mask prior to bed & attempt to 
sleep with it 

 It is ok if you can only tolerate it for a short 
period of time 

 Repeat this every night 



 Hypnotics & CPAP Adherence 
 Single center parallel 

designed RCT 
 Eszopiclone 3mg-  for 2 

weeks 
 Assessed at 3 and 6 

months with data card 
downloads 

 Open label sedatives 
allowed after 4 weeks 
 

Lettieri. Ann Intern Med 2009 Nov 
17;151(10); 696-702 

Presenter
Presentation Notes
Every patientEducational programMask fittingTelephone follow up at 2 weeks1 month follow upPrimary Outcome- CPAP adherence at 24 weeksPercentage of nights usedMean hours per night CPAP used.The rate of “regular use of CPAP” �	(CPAP > 4 hours on more than 70% of nights)Secondary OutcomesRate of CPAP discontinuationUse of open-label sedative-hypnoticsESS, FOSQ



Measuring Compliance 

 Data Card Download 
 Measures “mask on” time 
 Residual AHI 
 Leak 

 Pulse oximetry 
 Objective monitoring required by CMS 

 

Presenter
Presentation Notes
Most modern positive pressure units measure both ‘machine-on’ and ‘mask-on’ times, with the ‘mask-on’ time used to measure adherence.  Adherence data are stored on electronic chips from which compliance reports can be downloaded during follow-up visits. These reports provide physicians with real-time data on adherence, allowing them to immediately address problems. Objective monitoring is a standard recommendation of the American Academy of Sleep Medicine guidelines on PAP therapy and is also required by the Centers for Medicare and Medicaid Services to medically cover long-term PAP therapy.76 



Presenter
Presentation Notes
Things to look at:% > 4 hours – Needs to be 80%Time in large leak - < 15 min.   Amount of leak < 15L/minAverage AHI



Oral Appliances 

 Indications 

 Snoring and Mild to Moderate OSA 

 Efficacy 

 Variable 

 52% of patients with AHI<10/hr on treatment 

 Side effects 

 TMJ discomfort, dental misalignment, and 
salivation 

Presenter
Presentation Notes
Slide 81Oral appliances may be efficacious in the treatment of sleep apnea. They appear to be particularly effective in patients with simple snoring and mild to moderate sleep apnea. Individual response to treatment is varied. In a recent review, oral appliance therapy was found to achieve an AHI < 10 in 52% of patients with improvements in excessive daytime sleepiness and quality of life.77 A variety of side effects may be encountered, which include temporomandibular joint (TMJ) discomfort, dental misalignment and complaints of increased salivation.  Oral appliances are indicated for patients who refuse PAP therapy or who have failed PAP therapy. 77.	Ferguson KA, Cartwright R, Rogers R, Schmidt-Nowara W. Oral appliances for snoring and obstructive sleep apnea: a review. Sleep 2006;29(2):244-62.



Oral Appliance: Mechanics 

Presenter
Presentation Notes
Slide 83There are several types of oral appliances available for the treatment of sleep apnea. This slide depicts a mandibular repositioning device. The oral appliance causes the mandible to move forward and the bite to open slightly. The effect of this mandibular repositioning is to enlarge the airway, reduce airway collapsibility and decrease airway resistance.77The device also anchors the mandible so that contraction of the genioglossus muscle moves the hyoid bone forward rather than just opening the mouth.Another proposed mechanism is the activation of upper airway muscles, although this has not been proven conclusively. In some patients, oral appliances are an effective treatment for sleep apnea.77.	Ferguson KA, Cartwright R, Rogers R, Schmidt-Nowara W. Oral appliances for snoring and obstructive sleep apnea: a review. Sleep 2006;29(2):244-62.



Surgical Therapies 

 Reconstruct upper airway 
 Uvulopalatopharyngoplasty (UPPP) 
 Radiofrequency tissue volume reduction 
 Genioglossal advancement 
 Nasal reconstruction 
 Tonsillectomy 

 Bypass upper airway 
 Tracheostomy 

 
 Hypoglossal Nerve Stimulator 

Presenter
Presentation Notes
Several surgical alternatives have been developed for the treatment of sleep apnea. These procedures are generally indicated in patients who either refuse treatment with PAP or who have failed treatment with PAP. These treatments fall into 2 basic categories: upper airway reconstruction or bypassing of the upper airway. At present time tracheostomy, which bypasses the entire upper airway, is used only in life threatening situations or when all other therapies have failed.80Treatments which involve upper airway reconstruction include:uvulopalatopharyngoplasty (UPPP)radiofrequency tissue volume reduction (also called somnoplasty)genioglossal advancement (GA)maxillomandibular advancement (MMA) nasal surgerytonsillectomyThese are site-specific surgeries -- attempts to surgically correct the site of airway collapse.81, 82



Sites of Airway Narrowing 

Collapse at soft
palate only

Multiple sites of
collapse

Adapted from Morrison DL et al.  Am Rev Respir Dis 1993;148. 

Presenter
Presentation Notes
Airway closure during sleep is usually a diffuse process which limits the effectiveness of site-specific surgery. Morrison and colleagues used sleep endoscopy to show that only 18% of the patients in their study had airway closure limited to the palate alone.83 The rest of the patients demonstrated multiple sites of airway collapse. As a result, a single surgery may not be sufficient to eliminate sleep apnea.



Hypoglossal Nerve Stimulator 

 Activates the 
genioglossus 
muscle via 
unilateral 
stimulation 
of the 
hypoglossal 
nerve 

 

Presenter
Presentation Notes
Multicenter prospective single-group cohort designParticipants serve as their own controlsInclusion criteriaBMI <32AHI between 20-50Exclusion criteriaNeuromuscular diseaseNerve palsySevere Pulmonary diseasePulmonary HTNValvular heart diseaseCHF NYHC III – IVRecent MIUncontrolled HTNPsychiatric diseasePositional OSACSA > 25 % of timePrimary Outcomes- at 12 monthsChange in severity of OSADecrease in AHI- Response = AHI < 20 and decrease in AHI by 50% Decrease in ODI – Response = Reduction of at least 25% of baseline Secondary OutcomesESSFOSQ- Functional outcomes of Sleep Questionnaire% of Sleep time < 90%



Results 

 126 patients had stimulator implanted 
 83% men, Mean BMI- 28, Mean age- 54.5 years 
 Mean AHI- 32, Mean ODI- 29 

 Median AHI decreased 68% (29 9) 
 Median ODI decreased 70% (25 7) 
 66% of cohort had AHI < 20 AND AHI 

decrease by 50% 
 ESS, FOSQ significantly improved 

 



Randomized 
withdrawal 
phase  46 patient who 

responded to txt 
randomized in 
1:1  

 Cessation of 
stimulator or 
therapy 
maintenance 

 Repeat PSG 
after 1 week 

 

Presenter
Presentation Notes
Figure 3 Primary Outcomes at 12 Months after Implantation and during the Randomized, Therapy-Withdrawal Trial. After 12 months, 46 consecutive participants who had a response to therapy were randomly assigned, in a 1:1 ratio, to the therapy-maintenance group or the therapy-withdrawal group. The therapy-withdrawal group had the device turned off for at least 5 days during this phase, and it remained off until polysomnography was performed. The therapy-maintenance group continued nightly use of the device. There was a significant difference between the therapy-withdrawal group and the therapy-maintenance group with respect to the change in the apnea–hypopnea index score from the assessment at 12 months of the cohort study to the assessment at the end of the therapy-withdrawal study (difference in changes in mean scores, 16.4 events per hour; P<0.001) (Panel A). A similar effect was observed for the mean oxygen desaturation index scores (the number of times per hour of sleep that the blood oxygen level drops by greater than or equal to 4 percentage points from baseline) (Panel B). Results are expressed as the mean values, with T bars representing standard errors.



Mr. Small 

 AHI – 33 
  Severe sleep apnea 

 Placed on an APAP 
 Range 5 15cm 

 
 At Follow up 
 Feels better 
 Residual AHI 5 



Medicare Considerations 

This makes me want to drink! 



Medicare - It is painful! 

 Rules are strict 
 

 If you are unaware of the regulations: 
 Patients may experience a delay in getting 

equipment 
 Patients may have to have costly, repeat testing 
 Patients may have to pay out of pocket for 

expensive medical equipment 
 Patients loose confidence in you 

 



CPAP Therapy- Medicare 

Medicare pays 80% 
 CPAP is rented for 13 months 
 Patients have  ~$20/month copay 

 Medicare will pay for a new CPAP every 5 
years 
 Face-to-face visit within 6 months 

 5 things must occur for CPAP to be covered 
 

 
 



CPAP Therapy- Medicare 

1) Pt needs face to face visit recommending PSG 
 Chart note needs: 
 signs/symptoms, duration of symptoms 
 Epworth Sleepiness Scale 
 Cardiopulmonary exam, Neck circumference, BMI 
 

2) Sleep study must show enough apnea events: 
 AHI ≥ 15 (with a minimum of 30 events) 
 AHI 5-14 (with a minimum of 10 events) PLUS  
 Insomnia, Daytime sleepiness, Cognitive impairment 
 Mood Disorder, HTN, Ischemic heart disease, Hx of stroke 
 AHI of 4.9 does not count 

 



CPAP Therapy- Medicare 

3) CPAP order: 
 Must include: 
 Prescriber name and signature 
 Prescriber NPI # 
 Order date 

4) After CPAP delivery, pt needs face-to-face 
visit between day 31-91 after starting CPAP 

 Chart notes must state that pt is benefitting 
from therapy and needs to continue CPAP use 

 

 
 
 

 



CPAP Therapy- Medicare 

5) Pt has to show compliance with CPAP 
 30 day consecutive period within the 1st 90 days 
 Percent of days with usage ≥ 4 hours per night is 

at least 70% (69.5% doesn’t count) 
 Clinician must document that he/she reviewed 

compliance data 
 



CPAP Therapy- Medicare 

 If patient fails to meet compliance criteria or 
does not have face to face follow-up visit, CPAP 
is no longer covered 
 Pt can elect to keep machine and pay out of pocket 
 Pt can give the machine back and buy a machine on 

their own (internet, used machine) 
 Pt can start the process over 
 Face to visit, repeat sleep study, PAP reissued 
 If starting over, patient must have in-lab test (no HST) 
 PSG may be baseline, split-night or titration 



Oxygen Use with CPAP 

 If patient has diagnosis of sleep apnea: 
 Must have in-lab PAP titration study showing that they 

still desat despite adequate treatment of sleep apnea 
 Home nocturnal oximetry no longer accepted 
 At least 2 hour titration 

 During sleep study, must show at least 5 minutes ≤ 88% 
while on PAP therapy  
 AHI must be <10 
 If starting AHI 5-10, AHI must be improved on PAP 

 

 Document possible need for O2 in chart notes referring 
patient for sleep study 

 

 



“Some people talk in 
their sleep. Lecturers 
talk while other people 

sleep.” 

Camus 



Questions?  



CHF and Central 
Sleep Apnea 

 With ASV 
 Increased death from 

any Cause 
 34.8 vs 29.3 event rate 
 HR 1.28 

 Increased death from 
Cardiovascular  Cause 
 29.9 vs 24 event rate 
 HR 1.34 

Martin, N Engl J Med 2015; 373:1095-
1105 September 17, 2015 

Presenter
Presentation Notes
Patients with heart failure  (EF < 45%) and Central sleep apnea (AHI > 15 with > 50% central events)  were assigned to adaptive servo-ventilation or control.The rate of death, lifesaving cardiovascular intervention, or hospitalization for heart failure did not differ significantly between groups, but mortality was higher with adaptive servo-ventilation.1325 patients underwent randomnization1325 included in intention to treat659 assigned to control therapy			666 assigned to ASV655 received Control				645 received ASV578 completed the study				583 Completed studyPrimary end points: -- first event of the composite of death from any cause, a lifesaving cardiovascular intervention, or an unplanned hospitalization for CHFFollow up for an average of 31 months. A total of 60% of the patients in the adaptive servo-ventilation group used adaptive servo-ventilation for an average of 3 hours per night or more during the trial period. Sleep-disordered breathing was well controlled during ASV.  At 12 months,  mean AHI was 6.6, ODI - 8.6 events per hour 

http://www.nejm.org/toc/nejm/373/12/
http://www.nejm.org/toc/nejm/373/12/


• Adaptive servo-ventilation had no significant 
effect on the primary end point in patients who 
had heart failure with reduced ejection fraction 
and predominantly central sleep apnea, but all-
cause and cardiovascular mortality were both 
increased with this therapy. 
 

• Hypothesis 
• CSA is good for people with CHF 
• Positive airway pressure is bad for pateints 

with CHF 
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