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Obstructive sleep apnoea (OSA)
1. Pathophysiology of OSA.

2. Diagnosis and severity.

3. Treatment options and treatment efficacy.

How to refer to RHH Sleep Clinic.



What is OSA?
Affects 1 billion people (Benjafield 2019). 

UpToDate – OSA – Patient information



Anatomical endotype 

Non-anatomical endotypes

Obstructive Sleep Apnoea

Poor pharyngeal muscle response Low arousal threshold

Oversensitive ventilatory control 

system (i.e. Loop Gain)
Small, collapsible 

upper airway

OSA pathophysiology is complex



Wellman et al. (2013) Journal of Applied Physiology

Edwards et al. (2016) AJRCCM 

Research PSG:

- To measure the OSA endotypes

- Additional sleep study

- Patient has to tolerate CPAP 

Gold-standard invasive endotyping (CPAP dial down)
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Wellman et al. (2013) Journal of Applied Physiology

Edwards et al. (2016) AJRCCM 



Terrill et al. (2015) ERJ, Sands et al. (2018) 

SLEEP, Sands et al. (2018) AJRCCM 

Benefits:

- Simple (software-based)

- Obtain from routine clinical 

PSG

Issues:

- Requires validation

- Not readily available

Non invasive endotyping (from clinical polysomnography)



Why a patient seeks evaluation?
Snoring→ social disruption or embarrassment

Symptoms of un-refreshing sleep, daytime fatigue and sleepiness & its 
social/professional consequence

Concerns that suspected sleep apnoea may contribute to adverse health outcomes

After a motor-vehicle accident

Pre-operative high risk screening



OSA Complications and Associations
Hypertension

Atrial fibrillation

Stroke – 2-3x

Diabetes mellitus

OSA can co-exist with other conditions

-Sleep (eg. Restless legs, insomnia)

-Pulmonary disease

-Depression, PTSD



How is OSA diagnosed?

Clinical history and examination

Sleep questionnaires

Diagnostic sleep study



History

Partner/collateral history

Snoring

Dry mouth

Fatigue vs Sleepy

- Ask for total caffeine consumption ?mask sleepiness

- Ask specific questions: Do you fall asleep →

- watching TV after dinner? Reading?

- during work meetings?

- whilst driving, stopped at a traffic light?

(Alcohol consumption); Sleeping position



Bedside examination
Body Mass Index (BMI)

Neck circumference (>40cm) 

Clinical predictors (OSA in Sao Paulo Epidemiological Sleep Study 2010; n=1000 with 
AHI > 5 & symptoms OR AHI >15) 

- Male gender (OR 4.1)

- Obese (OR 10.5)

- Age > 50 (OR >10+)



Bedside examination – Upper Airway and facial structure

Oropharyngeal/dental, including:

- Palate position and 

tonsil

- Malocclusion & 

overlapping teeth →

?small oral cavity

- ?Bruxism

Kryger 2015, Chapter 105



Bedside examination – Upper Airway

Nasal 

- Can contribute to 

increased airway 

resistance

Nasoendoscopy (ENT surgeons)

Kryger 2015, Chapter 105



Bedside examination
Modified Mallampati Score (MMP)

- Head in neutral position, tongue is NOT protruded, (NO) phonation

- Used to predict the ease of endotracheal intubation

- High score (3 or 4) is associated with more difficult intubation & higher 

incidence of OSA

Laryngoscope, 1999 Friedman et al.



Tonsil size

Friedman Tonsil Size 



Epworth Sleepiness Scale (ESS)

MW Johns Sleep 1991

Murray Johns



Epworth Sleepiness Scale (ESS)

Difficulty maintaining the alert/awake 
state

ESS Score:

Normal       0-10

Mild            11-14

Mod 15-17 (?significant if 16+)

Severe        ≥18

MW Johns Sleep 1991

• Patient cooperation

• Weak correlation with OSA severity

• Not sensitive or specific for 

screening on its own

• Re-test reliability not well studied



STOP-Bang Questionnaire

Chung et al. (2008) Anesthesiology; Chung et al. (2012) BJA



Senaratna et al. (2019) MJA
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Senaratna et al. (2019) MJA



Senaratna et al. (2019) MJA



Senaratna et al. (2019) MJA



Can I have a sleep study please?



Types of sleep studies

Types of Sleep Studies Other “name” Key points

Type 1 In-laboratory polysomnography - Benefits of video monitoring

- Other sleep disorders apart from 

OSA is suspected

Type 2 Ambulatory polysomnography - Home environment

- “Rule-in” or “rule-out” OSA

- ‘Signal’ issues can occur

Type 3 Limited channel - ≥ 4 variables - No EEG (i.e. no sleep staging)

- Screening for OSA (at least 

moderate probability)
Type 4 Limited channel – one or two variables 

only

e.g. oximetry, heart rate, airflow



Types of sleep studies
Type 2 Ambulatory Polysomnography

Sleep in own bed

Lack of video monitoring

Signal issues



Types of sleep studies
Type 3 sleep study

Limited channel, at least four variables are 

measured 



Which sleep study should I get?

Types of Sleep Studies Other name Key points

Type 1 In-laboratory polysomnography - Benefits of video monitoring

- Other sleep disorders apart from OSA is 

suspected

Type 2 Ambulatory polysomnography - Home environment

- “Rule-in” or “rule-out” OSA

- ‘Signal’ issues can occur

Type 3 Limited channel - ≥ 4 variables - No EEG (i.e. no sleep staging)

- Screening for OSA
Type 4 Limited channel – one or two variables 

only

e.g. oximetry, heart rate, airflow



What is the AHI?
Apnoea Hypopnoea



Apnoeas in REM



Hypopnoeas in NREM



Apnoea-Hypopnoea Index (AHI)
Denotes OSA severity

AHI (events/hr) Severity

< 5 Normal

5 - <15 Mild

15 - <30 Moderate

≥ 30 Severe

AASM Scoring Criteria



Apnoea-Hypopnoea Index (AHI)
Other ways this may feature on the sleep study report:

RDI = Respiratory disturbance index

* old method of scoring; now – it includes “apnoea + hypopnoea + RERA”

ODI = Oxygen desaturation index

* oximetry, and using either 3% or 4% oxygen desaturation to score a ‘respiratory event’

RERA = respiratory effort-related arousal

AASM Scoring Criteria



Polysomnography signals (Sleep study) – Type 1 and 2



What about the Apnea-Link Air (type III sleep study)?

Reasonable choice if 
clinical question and mod-
high probability of OSA

5 signals:

Nasal flow

Thoracic bands (Effort)

Oximetry

Pulse

Snoring



What about the Apnea-Link Air (type III sleep study)?

1. Is this wake or sleep?

2. Flow limited breathing or 
hypopnoea? 

3. Position sensor accuracy?

AHI 6.2 events/hr



How do I interpret a sleep study?

















When do we treat OSA?

Patient’s concern

Disruptive snoring/affecting partner

Unrefreshing sleep/Sleepiness

Perceived health risk

Effect on driving

Clinician’s concern

Patient’s symptoms

Links with cardiovascular morbidity 
and effects on mental health

Safety (patient and society)



Continuous Positive Airway Pressure (CPAP)
Can “try before you buy”

“100%” effective 

Long term adherence with CPAP is ~ 

30-60%

Weaver et al. (2008) Proc Am Thorac Soc.

Colin Sullivan – Aus CPAP inventor



1980 Experiment

“Nasal” mask used

Sullivan, C. (2018) AJRCCM 



Nasal CPAP masks have evolved

Nasal pillow Nasal “cradle”



How do I know my patient is adherent and 
CPAP is working?

CPAP Aims:

1. Use ≥ 4 hours/day [Better: any time patient is asleep]

2. Residual AHI < 5 events/hour [may be tailored to the patient]

3. Any factors hindering patient adherence?

e.g. mask leak, claustrophobia, partner



How to start CPAP?
1) Automatic Positive Airway Pressure (APAP)

4 week trial

Range CPAP: 4 to 20 cm H2O

What is the 95th percentile CPAP?

- can use this information to determine “optimal”/ “fixed” CPAP pressure

2) CPAP titration sleep study 

- in-laboratory polysomnography, to determine optimal CPAP pressure and CPAP mask



How to read a CPAP download?

Automatic Positive Airway Pressure (APAP)

4 week trial

Range CPAP: 4 to 20 cm H2O

What is the 95th percentile CPAP?





OSA pathophysiology – Why is it important?

Continuous positive airway pressure (CPAP)

- Gold standard treatment

- 50% discontinue therapy beyond 3 months (Kribbs
1993)

We need other treatments!



Alternative OSA treatments

• Upper airway surgery

• Hypoglossal nerve 

stimulation

• “Drugs”*

- Oxygen therapy and acetazolamide (to 

lower loop gain)

- Sedatives (to raise the arousal threshold)

- NRI and anticholinergics (to improve 

genioglossus muscle responsiveness)

* Edwards (2014); Wellman (2008); Carberry (2017); 

Taranto-Montemurro (2016, 2019)



Mandibular Advancement Device (MAD)
Mild to Moderate sleep apnoea
Recent report of success in severe OSA
Efficacy less certain than CPAP
Can cause teeth/jaw pain and teeth shift
No trial before buy



Tonsillectomy



Patient with OSA on CPAP, but still sleepy!
1. Is CPAP working?

- Residual AHI

2. Is the patient compliant?

- Average daily use?

3. Sleep hygiene

- Is sleep restricted? Regular sleep and wake times?

4. Other contributors – e.g. Anxiety/depression; sedatives; metabolic disturbance; restless legs

May perform CPAP review sleep study +/- Multiple sleep latency test (MSLT)

- ?alternative diagnosis e.g. Narcolepsy or Idiopathic hypersomnia

- ?addition of Dexamfetamine and/or Armodafinil/Modafinil



Patient with severe OSA, but not compliant with OSA 
treatment, can they drive? 

1. Confirm diagnosis and severity of OSA with polysomnography.

2. Assess why patient is unable to comply with OSA treatment.

- CPAP, MAD, weight loss

3. Consider need for Maintenance Wakefulness Test (MWT).

- assess level of alertness over 4-5 “40 minute” periods

- this test may also be performed in patients with severe OSA on CPAP and wanting some 
objective measure of their ability to stay awake whilst stationary

- not currently available in Tasmania



CPAP? APAP? VPAP? BPAP? NIV?iVAPS?AVAPS?

Continuous positive airway 

pressure (CPAP)

Bilevel positive airway pressure 

(BPAP) or non-invasive ventilation 

(NIV)

Auto-settings APAP iVAPS – target alveolar ventilation

AVAPS – tidal volume

Conditions (e.g.) OSA

Obesity hypoventilation syndrome 

(mild-mod)

Conditions associated with type 2 

respiratory failure (hypercapnia) 

/hypoventilation

e.g. Neuromuscular conditions; 

COPD/emphysema; Obesity hypoventilation 

syndrome.



CPAP? APAP? VPAP? BPAP? NIV?iVAPS?AVAPS?

BPAP/NIV

EPAP + Pressure Support (PS) = IPAP

If you suspect respiratory failure:

- Arterial blood gas (ABG) [PaCO2]

- is serum HCO3 elevated? (≥28 mmol/L)



How to refer to RHH Sleep 
Clinic?

https://www.health.tas.gov.au/intranet/stho/medicine/respiratory_medicine

RHH Sleep Clinics

Monday afternoons

VPAP/CPAP supplier (current)

Health Dynamics [equipment]

https://www.health.tas.gov.au/intranet/stho/medicine/respiratory_medicine


Take home messages
1. What you give is what you get.

- Different sleep studies (pros and cons), how the AHI is measured and influenced.

2. CPAP works, if the patient can use it.

*positional therapy; *weight loss; ?mandibular advancement device (“buy before 
you try”).

3. Future directions: OSA pathophysiology, new non-CPAP therapies (?in 
combination) and prediction of OSA response to non-CPAP therapies.



Thank you and Questions

Ronald Grunstein

Sleep neurobiology, 

Weight loss and OSA

David Hillman

Anaesthetist/Resp/Sleep

Perioperative OSA Clare Anderson

Drowsy driving - biomarkers

Peter Cistulli

Oral appliance 

therapy

Other key Australian researchers in Sleep Medicine – too many to list!

Doug McEvoy

SAVE trial

NEJM 2016


