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Objectives
1.

Review the epidemiology, risk factors, symptoms, definitions and
pathophysiology of both Central and Obstructive Sleep Apnea.

2.

Review of the definition, testing, and treatment of both diseases, paying
special attention to the differences between the diseases.

3.

Review of the mortality implications of both diseases, particularly as they
relate to the severity of OSA.

4.

Discuss the underwriting considerations that should be taken when
evaluating these disease processes.
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OSA Risk Factors
•

Age (increases from young adulthood into 6th and 7th decade, then plateaus)

•

Gender (M>F 2-3:1)

•

Structural Abnormalities (palate, mandible changes, tonsillar hypertrophy)
o

•

Asian population has similar rates to US despite lower rates of obesity3

Obesity: the higher, the more risk
o

One study showed 10% increase in weight has 6X risk of developing OSA4

o

Another study showed mod-severe OSA present in:
▪

11% of men of normal BMI (<24), 21% overweight (BMI 25-29), 63% in obesity (BMI >=30)5

▪

3% of women of normal BMI, 9% overweight, 22% obese6

•

Other: nasal congestion, smoking, menopause (regardless of BMI)

•

Medical Conditions: pregnancy, CHF, ESRD, Chronic Lung Dz (COPD, asthma), stroke/TIA, hypothyroid, PCOS,
acromegaly (GH dz)

•

Etoh, sedatives? Not causal, but may exacerbate.

Medical School Pimp Session
Risk Factor for OSA
•
•
•

Men with a neck size >17 inches
Women with a neck size >16 inches
Increasing neck size correlates w/
increased severity of sleep apnea7

OSA Pathophysiology
•

Recurrent collapse of the posterior oropharynx

•

Causes substantially reduced or complete cessation of airflow.

•

Leads to hypercapnia (increased CO2) and hypoxemia (low O2)

•

Leads to fragmented sleep, recurrent arousals (partial, typically unrecognized by
the patient).

•

May be in non-REM or REM sleep, but much more likely to occur in REM
(decreased muscle tone of tongue)

•

REM-predominant sleep apnea may worsen the cardiovascular and metabolic
effects associated w/ OSA8

So, what happens?
• Lack of oxygen triggers many physiologic responses:
1. Arousal/partial awakening from deeper to less deep level of sleep
2. Release of adrenaline
3. Activation of Sympathetic Nervous System.
4. Pro-inflammatory hormones are released.

• Resulting in:
•
•
•
•

Increased heart rate, blood pressure
Hypoxia damaging tissues
Blood sugars rise
Vascular damage from pro-inflammatory hormones (heart, blood vessels)

OSA Clinical Manifestations
• Snoring
• Daytime Hypersomnolence
• Nocturnal choking/gasping (most useful
individual finding for ID’ing patients w/ OSA)9
• Restless sleep
• Periods of silence terminated by loud snoring
• Fatigue
• Poor concentration
• Nocturnal angina
• Nocturia
• Morning headaches

Epworth Sleepiness Scale
Interpretation:
• 0-7: unlikely that you are abnormally
sleepy
• 8-9: average daytime sleepiness
• 10-15: excessively sleepy, may seek
medical attention
• 16-24: excessively sleepy, SHOULD
seek medical attention10

Diagnostic Testing
• Polysomnogram is considered “Gold Standard”
• Increasingly, Home Studies are being performed
• Article in Annals of Internal Medicine from 2018: “Care by
Non-Sleep Specialists and Sleep Specialist Physicians
resulted in similar outcomes in adults with known or
suspected OSA.”11
• Experts would recommend using PSG in lab setting w/
more advanced medical issues (CHF) or if more detailed
analysis is required (sleep stage, arousals, leg/arm
movements, seizures)

Polysomnogram: Full vs. Split-Night
• Full Night: studied entire night.
o If need CPAP, subsequently brought back in for
titration
• Split-Night: diagnostic portion during first part of night
only.
o If diagnosed w/ OSA, titrate CPAP during the night
• How to choose:
o On the fly during the study (if grossly obvious and
have time, titrate)
o Full night may be preferable w/ suspected complex
sleep disturbance

Definitions
• Apnea: Cessation of Airflow (>90%) for >10 seconds
• Hypopnea: >= 30% reduction in airflow, >10sec, that results in a
decrease in arterial saturation of >= 3% OR EEG arousal.12
• Respiratory Effort Related Arousal (RERA):
• Arousal that are associated w/ a change in airflow that do not meet the
criteria for A/H.
• >= 10sec, associated w/ flow limitation/evidence of increasing respiratory
effort
• Terminating in an arousal, but not meeting criteria for A/H

AHI or RDI?
• Apnea-Hypopnea Index: Apnea + Hypopnea / total sleep time (hrs)
• Respiratory Disturbance Index: Apnea + Hypopnea + RERAs / total
sleep time
• Which to use?
o Unclear, outcomes studies not done yet
o Varies across insurance carriers/sleep labs, type of test

OSA Diagnosis: Either of the Following
A. >= 5 events (may be obstructive or mixed
central/obstructive, hypopnea, or RERA) per hour WITH >=
one of the following:
• Sleepiness, non-restorative sleep, fatigue, insomnia
• Waking up w/ breath holding, gasping, choking
• Habitual snoring, breathing interruptions, or both
observed by partner
• HTN, mood disorder, cognitive dysfunction, CAD,
CVA, CHF, Afib or DM2
B. >=15 predominantly obstructive events per hour
REGARDLESS of symptoms or co-morbidities

OSA Categories
• MILD
o AHI 5-14
o May be asymptomatic, or may have sedentary sleepiness

• MODERATE
o AHI 15-30
o Daytime sleepiness more notable, may have HTN

• SEVERE
o
o
o
o

AHI >30, O2 sat <90 for 20% of total sleep time
Daytime sleepiness interferes w/ normal daily activities.
Increased risk of all-cause mortality and a variety of
Cardiovascular co-morbidities.

Role of O2 Saturation
• Desaturation is defined as a 4% drop.
• Not sensitive or specific in less severe cases of OSA (31 and
41% respectively in mild OSA).
• May be sufficient enough for severe OSA cases to make
diagnosis.
• Desat below 60% increases risk of sudden death.
• Thus, for majority of patients w/ mild to moderate
OSA, more detailed sleep studies are needed.13

Why Do We Care?

18 year follow up of
Wisconsin Sleep
Cohort 14

OSA Mortality

• Untreated severe OSA has 2-3x increased all-cause
mortality compared to patients w/o OSA.
• Increased risk w/ moderate or severe OSA of
developing numerous cardiovascular morbidities
(HTN, PAH, CAD, cardiac arrhythmias, CHF, stroke)
• Increased risks of Metabolic syndrome and DM2 (30%
in one study)15
• Increased risk of NAFLD, 2-3x
• Increased risks of peri-operative surgical
complications.
• Mortality risk:
o M>W
o Young > Old

OSA Case 1
• 48M, $1million case
• Saw PCP 2011 for fatigue, wife said
“he snores”
• Home sleep study showed AHI 12.1
events/hour
• He “really” doesn’t want to wear
“that mask”
How do we rate this?

Mild OSA Mortality
• 2009 study: no increased
mortality risk16
• 2014 20y follow up study
in the Journal of Clinical
Sleep Medicine17
o All cause mortality Hazard
Ratio 0.51
o For comparison, moderate
to severe HR 4.2

Case 1 continued
So….
Ratings:
• Preferred?
• STD?
• Low sub-STD?
• High sub-STD?
• Decline?

OSA Treatment
• Weight loss and CPAP are cornerstones of therapy.
• Both have been shown in trials to improve outcomes
• Weight loss:
Decrease the AHI index
Reduces BP
Improved QOL scores
Decrease daytime somnolence
Study of mild OSA patients: 11kg weight loss vs 2kg showed decrease
in AHI of -4 events/hr vs +0.3 events/hr. Also improved QOL 18
o INTERESTING: RARELY ACHIEVES COMPLETE REMISSION, BUT MAY
IMPROVE PARAMETERS/SEVERITY (meta-analysis )19
o
o
o
o
o

CPAP
• Meta-analysis of 35 random trials: CPAP
compared to sham:
o Reduction of AHI -33.8 events/hr
o Improved Epworth Sleepiness Scale
o Improved Systolic and Diastolic BP
o Improved QOL20

CPAP and Mortality
• No Randomized Studies have shown mortality benefit
• Observational study from 2012, end-point of 6 yr. study was cardiovascular death
o Prospective, observational study of 1100 women w/ OSA (>=10 AHI/hr) vs. controls (<10 AHI).
Further broken into mild-mod (AHI 10-29) and severe (>=30)
o Control group had lower CV mortality rate than OSA groups.
o Hazards ratio (HR) for untreated severe OSA compared to control was 3.5
o HR for treated severe OSA was 0.55.
o HR for untreated, mild-mod OSA was 1.6
o HR for treated, mild-mod OSA was .19.
o Conclusion: severe OSA is assoc. w/ CV death in women, and adequate CPAP treatment may
reduce this risk22

CPAP and Mortality continued
2017 Meta-analysis23
• All-cause mortality of treated OSA was 0.66 compared to untreated
• All-cause CV mortality of treated OSA was 0.37 compared to untreated

CPAP and Mortality continued
2019 Meta-analysis by AASM:24
• CPAP use decreased events/hr. by 23
• ESS scores improved (-2.4 points)
• Nighttime systolic BP, diastolic BP, and 24h
mean BP improved
• Decreased MVA
• Improved QOL
• No changes in mortality, CV events,
neurocognitive fxn, FPG or A1c

OSA Case 2
• 67M, OSA diagnosed as
moderate, AHI 19.6 in 2016
• As of 4/17, stopped using CPAP
after URI
Rating?

CPAP and Compliance
• What about compliance?
• 2005 study in Chest: 871 patients w/ severe OSA (mean AHI 55, 81% men).
o Endpoint was survival. Does CPAP compliance impact survival?
o Broken into 3 groups: <1h/d; 1-6h/d; >6h/d. Mean follow up was 48 months.
o Survival rates:
▪ Lower in the group <1h/d than in those w/ >6h/d (85% survival vs. 96%)
▪ Lower in group using CPAP 1-6h/d than in those w/ >6h/d (85% vs 91%)

o Conclusion: mortality rates who do not use their CPAP is higher compared to those
who are treated and are moderately or highly compliant with therapy.23

So, Doc, What is Adherence to CPAP?
• No consensus
• Several studies have shown that normalization of
daytime sleepiness, QOL, and neuro-cognitive function
improve w/ >= 4hr of use.
• Improvements in CV disease conditions and DM are
greater when using CPAP >= 4hr.
• These studies suggest non-adherence is < 4hr, and
adherence is >= 4hr.24
• How many days per week qualifies as adherence?
o Kribbs et al. in 1993 defined Adherence is >= 70% of
days monitored.25

OSA Case 2 continued
• Moderate OSA, older gentleman stopped
using CPAP
• We know that OSA has less mortality in the
elderly than the younger population, but
probably not zero….
• Compliance? Nada
• Rating?
o
o
o
o

Preferred?
STD?
Sub-STD?
Decline?

OSA Case 3
• Same 67M, however has severe OSA w/ AHI of 43
in 2016
• Same scenario, quit CPAP after URI in 2017
• Rating?
o Preferred?
o STD?
o Low sub-STD?
o High sub-STD?
o Decline?
o What if he was 43?

Other Treatments?
• Sleep position device: some patients
develop/worsen OSA when supine (typically
have less severe OSA, less obese, and younger)
o Lateral recumbent position may
correct/improve OSA in special cases only,
although w/ CPAP had better AHI, O2 sat.
o No difference in sleep architecture, ESS
scores, other performance scales26
• Tennis Ball
o Short-term may treat positional OSA, w/
significant reductions in AHI.
o Long-term compliance low27

Oral Appliances
• Mild-Mod OSA:
o CPAP generally more effective at reducing AHI
and desat.
o Little difference in subjective outcomes like
sleepiness
o Long-term data lacking
o Patient preference, and compliance important to
consider28
• Severe OSA
o Variable effectiveness,
o Considered not good candidates for oral device

UPPP (Uvulo-Palato-Pharyngoplasty)
• No prediction as to whom to offer this to, nor who will benefit from this
surgery.
• Typically offered when CPAP or OA ineffective or declined (>3month trial)
• Most effective when severe, surgically correctable lesion of the upper
airway.
• Used to involve significant resection of upper palate, now more
reconstructive than resection
• Degree of benefit is variable, complete elimination of OSA is rare
• 50% successful: >=50% reduction in AHI, post-surg AHI <20.
• Residual OSA progresses over time (48% had success at 4-8y follow up)29

Other Surgical Treatments for OSA
• Based on Specific Anatomical issues:
o Nasopharyngeal
o Upper pharyngeal
o Lower pharyngeal/laryngeal
• Neurostimulators:
o Failure of CPAP, moderate/severe OSA, BMI <32
o Initial results promising
o 1 device in US
o 2/3 of patients had major PSG parameter improvement and subjective
improvements.30

OSA Summary
• OSA is a major health concern in
America
• As the obesity epidemic increases, so
will the OSA epidemic.
• Treatment of OSA with CPAP appears
to possibly (?) decrease mortality in
large meta-analysis….jury still out.
• Compliance: >= 4hr, >= 70% of nights
monitored.

Practice Time
LET’S PRACTICE:
1. EVERYONE TILT YOUR HEAD BACK, AND TOTALLY RELAX YOUR
TONGUE AND JAW.
2. THEN, PLACE YOUR HAND GENTLY ON YOUR UPPER NECK.
WHAT HAPPENS?

Central Sleep Apnea

CSA Case
• 39M, 5.11.238
• $1M policy
• Hx of gastric sleeve surgery in 2015
• Pre-surgical sleep study (2015) showed AHI of 69/hr.,
including 19 central apneas in 7h test.
• Post-surgical sleep study (2018), off CPAP, showed AHI of 14,
w/ 34 central apneas/hypopneas in 7h test.
• Central apneas have increased from 19 (2015) to 34 (2018).
“No apparent cause noted for central apneas. Any additional
debits for these?”

APS review
• 4/15 sleep study:
o Neck 20”, BMI 42
o 327 obstructive apneas, 19 central apneas, 94 mixed apneas,
70 obstructive hypopneas.
o AHI 69/hr
o Continuous snoring, O2 sat to a low of 68%
o Diagnosed w/ severe OSA, placed on CPAP.
o Follow up CPAP titration in lab showed AHI of 1/hr, sats >=89%
• 11/15 follow up:
• Feeling better rested, improved energy, no further AM h/a.
• Compliance report: 70% of nights, >4h/night, AHI 2.6.

APS review, continued
• 1/18: lost about 120 lbs., no longer snores, feels rested,
stopped using his CPAP 1y ago, “wants to see if still needs it”.
• 1/18 sleep study:
• Neck size 17.25, BMI 31.2, sleep study duration ~7h.
• 18 obstructive apneas, 34 central apneas/hypopneas, 1
mixed apnea, 45 obstructive hypopneas: AHI of 14.2
• Mean O2 sat was >95, <1minute below 88%.
• “weight loss has significantly improved his OSA
severity”.
• “Patient to restart his nasal CPAP after thorough
discussion”.

Summary of the case
• Pre-Surgery:
o 327 obstructive apneas, 70 obstructive hypopneas
o AHI 69
o Severe OSA
o 19 central apneas, 94 mixed obstructive/central apneas
• Post surgery:
o 18 obstructive apneas, 45 obstructive hypopneas
o AHI 14.2
o Places him in the mild OSA category
o 34 central apnea/hypopneas
• What about the 34 central apneas/hypopneas?

Central Sleep Apnea: What is it?
• Disorder of repetitive cessation/decrease of BOTH airflow and ventilatory effort during sleep
• OSA really a decrease in airflow 2* to obstruction (palate, excessive neck tissue, nasal obstruction),
BUT still with ventilatory effort
• Categorized into:
1. Primary (idiopathic) or Secondary (due to Cheyne-Stokes breathing, chronic medical condition,
drug/substance, high altitude periodic breathing)
o CSA associated w/ Cheyne-Stokes breathing is particularly common, esp. w/ CHF or stroke
2. Hyperventilation/Hypoventilation-related.
o Hyperventilation-related encompasses most of the types of CSA.
o Hypoventilation-related are less common (usually related to the more severe neuro or
neuromuscular disorders) and usually vastly overshadowed by the neuro/neuromuscular
condition themselves
o (READ: don’t clutter your mind with this)

Epidemiology
• Less prevalent than OSA
• Prevalence on sleep studies:
estimated at 0.9%
• ½ cases associated w/
Cheyne-Stokes breathing.
• Median age 69y
• More common in patients w/ CHF
(4.8%)
• M > F (1.8% vs 0.2%)32

Risk Factors
• Age (probably d/t higher incidence of co-morbid conditions like CHF, Afib,
cerebrovascular dz).
• Male > Female
• CHF
• Stroke Hx (upwards of 26% within first 72h, and 7% at 3 months interval)
• Other conditions (acromegaly, renal failure, Afib)
• Meds (chronic opioids)33

Clinical Findings/Presentation
• Daytime hypersomnolence
• Poor sleep quality
• Insomnia
• Concentration/inattention concerns
• Nocturnal dyspnea
• AM H/A

Diagnostic Criteria
• Primary (idiopathic) CSA: requires ALL of the
following
o PSG showing >=5 central apneas/hypopneas
per hour, w/ central events >50% of total
A/H. No Cheyne-Stokes breathing
o S/S
o No evidence of daytime or nocturnal
hypoventilation
o Disorder not better explained by:
▪ Another current sleep disorder
▪ Medical/neurologic disorder
▪ Medication or
▪ substance use disorder

Secondary CSA
1.

CSA w/ Cheyne-Stokes breathing requires all of the following:
• PSG shows >= 5 central apnea/hypopnea per hr. Further:
o >= 3 consecutive central apnea/hypopneas separated by
Cheyne-Stokes breathing w/ a cycle length of >= 40sec.
o # of central apnea/hypopnea >= 50% of total
apnea/hypopnea *NOTICE THIS
• S/S
• Breathing pattern associated w/ Afib/flutter, CHF
or neurologic disorder
• Disorder not better explained by another current sleep
disorder, med use or substance abuse disorder.

Secondary CSA, other types
2. Due to high altitude
periodic breathing:
self-explanatory
3. Due to medication or
substance. Requires:
• Taking opioid or other
respiratory depressant

Goal of Therapy

• Most cases of CSA are secondary to:
o Underlying medical condition
o CNS pathology
o Medication side effect
• Treat underlying cause, may improve the CSA
o Rarely obtain complete resolution of the CSA

Treatment of CSA
• CPAP is considered the first line therapy for
many etiologies35
• BiPap for CPAP failure or CNS related
illness
• ASV (adaptive servo-ventilation)
• Recently FDA has approved
pacemaker-like implantable device called
Remede System for mod/severe CSA36
o Stimulates phrenic nerve to promote
diaphragm to promote inhalation

Mortality
• Not a lot of clear data about mortality in
idiopathic (primary) CSA.
• There is increased mortality in patients w/
CHF and Cheyne-Stokes Respiration CSA
(however chicken and egg: does the CSR
worsen the CHF, or is the CHF severity
indicative of getting CSR)34
• General consensus: Prognosis is related to
underlying condition.

Treatment-Emergent CSA
• Previously AKA “complex sleep apnea”
• Detected in 5-15% of patients undergoing CPAP titration for OSA
• “persistence or emergence of central apneas/hypopneas during the initiation of PAP
therapy…. For obstructive OSA, despite significant resolution of obstructive
respiratory events”
• Typically, the obstructive events lessen or even go away.
• May keep the “AHI” elevated.
• Not well understood
• Diagnosed when PI has confirmed OSA, and while on CPAP:
o significant resolution of obstructive events,
o central apnea/hypopneas >= 5/hr. and central A/H >= 50% of all events, and
o S/S

Treatment-Emergent CSA
• Observational studies suggest this resolves in 50-85% of patients treated
w/ CPAP after several months.*
• Management is controversial, not based on solid studies (mostly from the
sleep MD’s experience, small observational studies”).
• “expectant management w/ CPAP is appropriate in most cases” (follow
up testing in several months)
• Suggest “optimizing” co-morbid conditions (CHF regimen,
medication/opioid adjustment)
• Consider other forms of PAP (BiPAP or adaptive servo-ventilation)

Back to our case
• Pre-Surgery:
o 327 obstructive apneas, 70
obstructive hypopneas
o AHI 69/hr
o 19 central apneas, 94 mixed
obstructive/central apneas
• Post surgery:
o 18 obstructive apneas, 45 obstructive
hypopneas
o AHI 14.2
o Places him in the mild OSA category
o 34 central apnea/hypopneas
• What about the 34 central
apneas/hypopneas?

• Primary (idiopathic) CSA: requires all of the
following
o PSG showing >=5 central
apneas/hypopneas per hour, w/ central
events >50% of total A/H. No
Cheyne-Stokes breathing
o S/S
o No evidence of daytime or nocturnal
hypoventilation
o Disorder not better explained by:
▪ Another current sleep disorder
▪ Medical/neurologic disorder
▪ Medication or
▪ substance use disorder

Case
• 34 central apnea/hypopnea
• 63 obstructive events
• 7h sleep study time
• Therefore:
o 34/7 is <5/hr.
o 34/97 is not >=50% of total events.
o No s/s, “just wanted to see if he needed
CPAP”
o Sleep disorder is better characterized
by another disorder (in this case, mild
OSA still)

CSA Summary
• CSA is much less common than OSA
• CSA either idiopathic, or more commonly associated w/more significant health
issues (MI, CVA, CHF, meds, neuro disorders)
• OSA: obstructive only. Decreased airflow
• CSA: no drive to breathe, may have obstructive events too
• Strict criteria must be met for the various cases of CSA
o >=5/hr.
o >=50% of all events
o s/s
o Disorder must not be better associated w/ another sleep disorder (OSA)
• CSA Mortality likely related to underlying associated disorder
• CSA may occur during CPAP titration (so-called “Treatment Emergent CSA”).
o Most of these will resolve with time, or another type of treatment (BiPap or
Adaptive Servo-Ventilation)
o There does not appear to be significant mortality associated with this.
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