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Age Prevalence	in	
Men

Prevalence	in	
Women

30-70

AHI ≥	5 34% 17%

AHI ≥	15 13% 6%

50-70

AHI ≥	5 43% 28%

AHI ≥	15 17% 9%

Prevalence	of	Obstructive	Sleep	Apnea
Wisconsin	Sleep	Cohort,	2007-2010

Peppard, Am J Epidemiol 2013;177:1006



Prevalence	of	Obstructive	Sleep	Apnea
in	patients	undergoing	elective	surgery

Washington University Study

à 26% known OSA

à 82% OSA (35% mod-severe)

ARES questionnaire

ARES HSAT

Minimum prevalence estimate: 22%
72% of OSA patients undiagnosed

Finkel, Sleep Med 2009;10:753
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University of Toronto Study

13.5% known 
OSA

Total prevalence estimate: 73%
81% of OSA patients undiagnosed

Singh, Br J Anaesth 2013;110:629

31% 31% 21% 17%



Opperer, Anesth Analg 2016;122:1321

50 studies of surgery with general or neuraxial anesthesia, including >400,000 OSA cases, >8M controls
• 11 ICD dx (~360,000 cases)
• 17 PSG/HSAT dx (~7000 cases, most retrospective)
• 15 screening questionnaire “high risk” (~5,000 cases)
• 7 diagnosis in chart/clinical diagnosis (~40,000 cases)
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AHRQ	National	Inpatient	Sample	Database

Memtsoudis, Anesth Analg 2011;112:113 Mokhlesi, Chest 2013;144:903

Approximately two-fold increased risk 
of major pulmonary complications



AHRQ	National	Inpatient	Sample	Database

Memtsoudis, Anesth Analg 2011;112:113

Misclassification of OSA status may bias in either direction!
• Inclusion of OSA in the control group will bias toward a null result
• If diagnosis is influenced by severity of comorbid illness, could 

confound association of OSA with adverse outcomes



Questionnaire	Screening	for	OSA	Risk
Practical	and	predictive	of	complications,	but	is	it	biased?	

• STOP-Bang
o Includes	age,	sex,	BMI,	HTN

• Perioperative	Sleep	Apnea	Prediction	(PSAP)	Score
o Includes	age,	sex,	BMI,	HTN,	DM

• Score	for	Perioperative	Prediction	of	OSA	(SPOSA)
o Includes	age,	sex,	BMI,	HTN,	DM,	ASA	score,	CAD,	HF,	AFib,	
HL,	chronic	lung	disease,	pulmonary	HTN,	liver	ds,	hemiplegia

Chung, Br J Anesth 2012;108:768
Ramachandran, Anesth Analg 2010;110:1007

Shin, BMC Anesthesiology 2017;17:71



Quasi-experimental	Studies
Complication rates in 2646 patients with known or 

suspected OSA by CPAP treatment status:
Michigan Surgical Quality Collaborative

aOR 1.8 aOR 2.5 aOR 2.6

Strengths
52 community and academic hospitals
Outcomes systematically assessed

Weaknesses
“Suspicion” of OSA not clearly defined
Self-report of CPAP use
Unknown if used post-op

N = 2646



Quasi-experimental	Studies

University
PSG Database

1990 2006

Manitoba
Administrative Database

1987 2008

Index Surgery

“Diagnosed OSA”

“Undiagnosed OSA”

Mutter, Anesthesiology 2014;121:707

Complication rates in 4211 patients with PSG-
documented OSA and matched controls

Outcomes
Cardiac arrest
ACS
Stroke
Atrial fib/flutter

ARDS
Respiratory failure
Pneumonia
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Strengths
Definitive diagnosis of OSA

Weaknesses
Outcomes use ICD codes
Diagnosis of OSA pre-surgery as a proxy for OSA treatment
Could referral for OSA evaluation be a result of perioperative complications? 



Does	OSA	cause	the	observed	increase	in	
perioperative	complications?

OSA

Shared	risk	factors
Age,	sex,	obesity,	smoking

Cardiac	dysfunction

Cardiorespiratory	
complications



Does	OSA	cause	the	observed	increase	in	
perioperative	complications?

Fixed	effects
Hypertension
Diabetes	

Cardiovascular	disease
Cerebrovascular	disease

OSA

Cardiorespiratory	
complications



Does	OSA	cause	the	observed	increase	in	
perioperative	complications?

Fixed	effects
Hypertension
Diabetes	

Cardiovascular	disease
Cerebrovascular	disease

OSA

Cardiorespiratory	
complications

Modifiable	effects
Dynamic	airway	collapse
Hypoxemia,	hypercapnia

(catecholamine	and	BP	surges)
Large	intrathoracic	pressure	swings

(decreased	cardiac	output,	GERD,	aspiration)
Sleepiness	with	impaired	mobilization

↑ by analgesics, fluid load, supine position



Rationale	for	a	Clinical	Trial
in	Perioperative	Sleep	Medicine

• OSA	is	associated	with	increased	perioperative	
cardiopulmonary	complications

• The	population	exposed	to	OSA	in	the	perioperative	
period	is	very	large

• We	don’t	know	whether	OSA	causes	these	
complications	or	whether	treatment	of	OSA	reduces	
the	risk	of	complications



Sample	Size	Estimates
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Practical	Barriers	to	RCT

• Short	time	frame	from	pre-op	evaluation	to	surgery
• Is	recruitment	feasible?
• Are	screening	and	diagnosis	feasible?
• Is	treatment	feasible?

• Disruption	of	surgical	schedules
• Lack	of	patient	interest



Ethical	Barriers	to	RCT

• Effective	OSA	treatments	are	available:	do	all	team	
members	and	patients	have	equipoise	such	that	it	is	
ethical	to	randomize	to	no	treatment?



American	Society	of	Anesthesiologists
Practice	Guidelines	for	Perioperative	Management	of	OSA

• Pre-op	evaluation	for	possible	OSA
• Consider	CPAP	pre-,	intra- and	post-operatively
• Consider	use	of	local	or	regional	anesthesia	where	feasible
• Extubation while	awake	for	patients	receiving	general	

endotracheal	anesthesia
• Non-supine	positioning	when	possible
• Routine	postoperative	oxygen	supplementation
• Minimize	opioid	analgesic	use
• Increased	intensity	of	postoperative	monitoring

ASA, Anesthesiology 2006;104:1081
ASA, Anesthesiology 2014;120:268



Clinical	Implementation	Study

American Academy of Pediatrics Guidelines (1992)
• Supine positioning
• No soft bedding
• No bed-sharing

DHHS Back to Sleep Campaign (1994)

Colson, Arch Pediatr Adolesc Med 2009;163:1122



Pragmatic	(adjective):	

Dealing	with	things	sensibly	and	realistically…
(Oxford	Dictionary)



What	is	a	Pragmatic	Clinical	Trial?

Explanatory

• Test	efficacy

• Understand	biology
o Often	placebo	control

• Controlled	conditions
o Rigorous	exclusion	criteria
o Protocolized intervention
o Intensive	adherence	promotion

• Individual	randomization

Pragmatic

• Test	effectiveness

• Inform	clinical	care
o Usual	care	control

• “Real-world”	conditions
o Include	any	patients	who	would	be	

targeted	in	clinical	practice
o Flexibility	in	administration	of	

intervention
o Adherence	as	per	usual	care

• Cluster	randomization	common



PRECIS-2	Tool

Loudon, BMJ 2015;350:h2147



What	is	the	intervention	of	interest?

• Provider	awareness
• Intensive	monitoring
• Non-specific	interventions

o Type	of	anesthesia,	analgesia,	positioning
• CPAP

o In	whom?
o Pre-op?		For	how	long?
o Post-op?		In	hospital	only	or	out	of	hospital?

• Hybrid:	awareness	for	all,	CPAP	only	for	those	at	high	risk	of	
complications?



All patients undergoing surgery?
Specific surgery types?
Patients at very high risk of complications?



Hypercapnia	May	Identify	a	High	Risk	Group	

Kaw, Chest 2016;149:84

Only 500 patients needed to detect a 50% decrease in respiratory failure with 90% power



Loudon, BMJ 2015;350:h2147

Multiple centers
Mix of community, academic, 
public hospitals



Standardized monitoring programs for 
perioperative complications (NSQIP, 
VASQIP) make this very pragmatic



Relevance to consumers:
• Patients: death, respiratory failure, MI
• Policy makers: LOS, ICU days



Intent to treat!



Problem	Domains	for	Pragmatic	Trial	in	
Perioperative	Sleep	Apnea	Treatment



Recruitment
How	are	participants	recruited	into	the	trial?

• Recruit	from	usual	patient	care	sites	
o pre-op	evaluation	clinic

• Recruitment	by	providers	at	those	sites,	rather	than	dedicated	
study	personnel

• Recruitment	as	part	of	usual	care,	rather	than	a	separate	
contact	for	recruitment

• Avoid	advertisements,	incentives,	that	would	not	be	part	of	
usual	care



O’Gorman, Chest 2013;144:72

A pragmatic approach, but not a pragmatic result!



Possible solution: Treat organization of care as the intervention of interest



Hypothesis:	
Implementation	of	ASA	guidelines	for	
perioperative	assessment	for	and	
management	of	OSA	will	reduce	the	rate	of	
perioperative	complications



Pre-admission	Testing	Clinic

STOP-Bang	≥3?
No

Low	risk:	usual	care

Yes

Serum	CO2 Testing	

Serum	CO2 ≥28?

Yes

HSAT	set-up

OSA?

Manage	per	
usual	clinical	care

Yes
Initiate	CPAP

CPAP	
contraindicated?

No

Yes

No High	OSA	Risk:	
Provider	notification	with	non-PAP	
recommendations	per	ASA	guidelines

High	OSA	Risk:	
Provider	notification	with	non-PAP	
recommendations	per	ASA	guidelines

High	OSA	Risk:	
Provider	notification	with	non-PAP	
recommendations	per	ASA	guidelines

No OR

(Or	other	approach	to	identify	a	CPAP-worthy	group)

(Or	other	approach	to	OSA	screening)

No



Cluster Randomization Designs

Hemming, BMJ 2015;350:bmj.h391



Design	Benefits

• Organization:	Incorporates	intervention	“into	the	usual	
organization	of	care	for	the	condition	of	interest,	using	no	
more	than	the	existing	healthcare	staff	and	resources	in	that	
setting.”

• Recruitment:	All	patients	recruited	as	a	matter	of	usual	care,	
ensuring	high	“participation”	rate

• Reduces	risk	of	“contamination”	of	control	condition
• Intervention	and	adherence:	may	be	flexible,	but	whatever	is	

done	for	the	study	will	be	the	de	facto	local	standard	of	care



Flexibility	in	Intervention	Delivery

• Protocolized CPAP	administration
– Technical	training	requirements	of	providers
– Specified	device,	interface,	titration
– Uniform	patient	education
– Specified	time	interval	for	initiation	and	use

• General	guidelines
– Staff	based	on	local	training	and	availability
– Variable	timing
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Important	Design	Issues

• What	is	the	target	population?
• What	tool	to	screen	for	OSA? (Questionnaire,	HSAT)
• Will	CPAP	be	a	part	of	the	intervention?

o Who	gets	CPAP?		Based	on	AHI	or	other	criteria?
o Timing	of	CPAP?	If	pre-op,	for	how	long?
o Administered	by	whom?

• What	non-PAP	interventions?
o Intraoperative:	anesthetic	technique,	volume	status
o Postoperative:	monitoring,	oxygen,	analgesia,	positioning,	fluid

• How	will	providers	be	made	aware	of	OSA	or	OSA	risk?
o Surgeon,	anesthesiologist,	PACU	staff,	ward	nurses,	respiratory	therapy
o How	will	they	be	educated	in	best	perioperative	care	of	OSA	patients?


