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•Background/definitions
•Sleep center day-to-day
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•Orthopedic Research

–presented at the SOA meeting - July, 2011
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•Interesting Cases

•Future therapy for OSA?

The Secrets of SleepThe Secrets of Sleep

From birth, we spend a third of our lives asleep. From birth, we spend a third of our lives asleep. 
After decades of research, weAfter decades of research, we’’re still not sure why.re still not sure why.

May 2010May 2010

……resulting in "fatal cardiac arrhythmia," said Dr. Mike Sullivan,resulting in "fatal cardiac arrhythmia," said Dr. Mike Sullivan, the medical the medical 
examiner for Mecklenburg Countyexaminer for Mecklenburg County…….sleep apnea may have been a factor..sleep apnea may have been a factor.

Reggie Reggie ““Minister of DefenseMinister of Defense”” WhiteWhite
age 43 (1961 age 43 (1961 –– 2004)2004)

July 7, 2011July 7, 2011
LOS ANGELES (Reuters) LOS ANGELES (Reuters) -- The number of obese U.S. The number of obese U.S. 
adults rose in 16 states in the last year, helping to adults rose in 16 states in the last year, helping to 

push obesity rates (BMI > 30) above 30 % in 12 states!push obesity rates (BMI > 30) above 30 % in 12 states!
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Slow wave >20%

Obstructive Sleep ApneaObstructive Sleep Apnea
• Complete cessation of airflow x10 seconds…or 

longer
• Continued respiratory effort
• Occurs > 5x per hour

• Usually a decrease in O2 Saturation >4%

Obstructive Sleep HypopneaObstructive Sleep Hypopnea
• 30% reduction in airflow x10 seconds
• Continued respiratory effort
• Decrease in O2 saturation >4% (or >3% if effort 

reduced by 50%)

• Combined with apneas = Apnea/Hypopnea Index 
(AHI)
– <5 = “normal”
– 5-15 = “mild”
– 16-30 = “moderate”
– >30 = “severe”

Does NOT take into account O2 desaturation…



TAKE HOME MESSAGE:
OSA and Cardiovascular Risks 

General
– 15 million Americans with OSA
– Most do NOT know that they have this…

HTN
– 50% of OSA pts have HTN
– 30% of HTN pts may have OSA
– Pts with more severe OSA, difficult to 

control BP, and better CPAP compliance 
do the best

Heart Failure
– 11 – 37% of CHF pts have OSA
– Less often c/o sleepiness
– Men > women
– > 50% if diastolic failure

Stroke
– Difficult to study without bias (survivors)
– Higher incidence immediately afterwards
– AHI > 20 may be higher risk
– 10 yr f/u after stroke shows higher 

mortality in pts with OSA

Arrythmias
– 50% of OSA pts display some type
– Non-sustained V-Tach, sinus arrest, 2nd

degree av-block, frequent PVC’s (>2 per 
min)

– 4x risk for atrial fibrillation
• 82% of recurrence in 1 year after 

cardioversion if left untreated
• Half that % if treated with CPAP

– Increased risk for sudden cardiac death in 
the early morning hours (NEJM)

Pulmonary HTN
– AHI > 20 = 20%
– Usually mild, rare to have PAP > 35mmHg

End Stage Renal Disease
– Small series, 40-60%

Patient Screening / Procedures

The Epworth Sleepiness ScaleThe Epworth Sleepiness Scale
How likely are you to fall asleep in these situations?How likely are you to fall asleep in these situations?

Activity Score
Sitting and reading 0 - 3

Watching TV 0 - 3

Sitting inactive in a public place(e.g. in a theater or mtg) 0 – 3

Sitting quietly after lunch without alcohol 0 – 3

Sitting in a car as a passenger for 1 hour without a break 0 – 3

Lying down to rest in the afternoon when able 0 – 3

Talking to someone 0 – 3

In a car, while stopped for a few minutes in traffic 0 - 3

Total ____ / 24

NoneNone =  0=  0
SlightSlight =  1=  1
Mod.Mod. =  2=  2
HighHigh =  3=  3

Modified Mallampati airway classification systemModified Mallampati airway classification system

“STOP-BANG” Questions“STOP-BANG” Questions
S S –– snoringsnoring
T T –– tirednesstiredness
O O –– observed apneas (ask sleeping partner)observed apneas (ask sleeping partner)
P P –– pressure (HTN)pressure (HTN)

B B –– body mass index ( body mass index ( ≥≥35 kg/m35 kg/m22))
A A –– age (> 50 yrs)age (> 50 yrs)
N N –– neck circum. ( neck circum. ( ≥≥ 1616IIII women; women; ≥≥ 1717IIII men)men)
G G –– gender (male)gender (male)
*Sensitivities at AHI cutoffs greater than 5, 15, and 30 = 83.6, 92.9, 100%

Thomason Thomason 
QuestionnaireQuestionnaire



Sleep Clinic Sleep Clinic 
Referral FormReferral Form

ResultsResults

Results Results -- Study GroupStudy Group
2009, 2010, 20112009, 2010, 2011

1043 total patients studied1043 total patients studied
•• 618 primary TKA618 primary TKA
•• 363 primary THA363 primary THA
•• 62 UKA62 UKA

*no revision patients included*no revision patients included

Ortho Clinic Visit / ScreeningOrtho Clinic Visit / Screening
(STOP(STOP--BANG or Thomason)BANG or Thomason)

Low risk = proceed to surgeryLow risk = proceed to surgery

Known OSA, or at risk and refused evaluation = monitor Known OSA, or at risk and refused evaluation = monitor 
w/ pulse oxymetry + telemetryw/ pulse oxymetry + telemetry

At risk, agrees to evaluationAt risk, agrees to evaluation

N = 1043 (primary TJ)

N  = 615 (59%)

N  = 115 (11%)

N  =  219 (21%)

*Patients with known OSA on CPAP; N  = 94 (9%)

Sleep Medicine Clinic Sleep Medicine Clinic 
(Full consult)(Full consult)

At risk, Refused evaluation = monitor w/ pulse oxymetry At risk, Refused evaluation = monitor w/ pulse oxymetry 
+ telemetry+ telemetry

Low risk = proceed to surgeryLow risk = proceed to surgery

At risk, agrees to evaluationAt risk, agrees to evaluation

N  = 24 (11%)

N  = 76 (35%)

N  = 119 (54%)

Negative = proceed to surgeryNegative = proceed to surgery

PolysomnogramPolysomnogram
(PSG +/(PSG +/-- CPAP)CPAP) Positive = Proceed with surgeryPositive = Proceed with surgery

*CPAP ordered, mask and machine brought to hospital, *CPAP ordered, mask and machine brought to hospital, 
Anesthesia aware, RRT aware, monitor Anesthesia aware, RRT aware, monitor 
*RTC for Ortho and Sleep follow up*RTC for Ortho and Sleep follow up

N  = 2 

N  = 74
Known OSA = 94 + 74 = 168 (16% of 1043)
At Risk = 115 + 94 + 219 = 428 (41% of 1043)

Demographics of Patients Studied (n=76)Demographics of Patients Studied (n=76)
• Age 61
• Female 58%

• BMI 38.9
– Ht 66 in
– Wt 239lbs

• Neck Circ 16.7

• Epworth 8.5 / 24
Normal  ≤ 10

Complication Type
Aspiration 0
ARDS 0
*PE 2 (2.6%)
Intubation  0

Arrythmia 1 (1.3%)
Acute Hypoxia 3 (3.9%)
Transfer to ICU 0
Death 0

# Surgical Delays 0
–Ave time from clinic to OR 5 wks

National Averages (OSA/Ortho)
Aspiration (1.18%)
ARDS (1.06%)
*PE (0.51%)
Intubation (3.99%)

Complications and Delays (n=76)Complications and Delays (n=76)

*Increased plt aggregation due to endothelial 
dysfunction (increased factor XIIa, fibrinogen, 
thrombin-antithrombin complex, etc.) ??



Hypotheses:
– Higher prevalence of OSA among our large, community-

based total joint replacement practice 
• Compared to national averages

– Patients often go unrecognized, contributing to adverse 
outcomes

• Outcomes can improve with a well organized 
screening and monitoring process 

– Well organized screening can be done without delays in 
surgery

Conclusions - 1
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NC StateNC State

Conclusions  Conclusions  -- 22

Sleep and Sleep and 
oxygen are good oxygen are good 
for you.for you.

Part 3Part 3
Interesting CasesInteresting Cases

•• Have I seen this patient in the clinic/hospital Have I seen this patient in the clinic/hospital 
recently?recently?

•• Have I slept next to this patient?Have I slept next to this patient?

•• Am I this patient?Am I this patient?

Case 1 = Case 1 = ““Howe SpecialHowe Special””
(pre(pre--operative screening)operative screening)

54 y/o f
Pre-op orthopedics L knee replacement

Neck Circ = 18 in
BMI = 64

ESS = 13 / 24

Sxs: 4-drug HTN

AHI = 139AHI = 139
59%59%

CPAP 9 cmH2OCPAP 9 cmH2O

Case 2 = CVACase 2 = CVA
55 y/o m
• Rehabilitation center referral
• s/p CVA with some weakness R 

arm

CC: 
• Loud snoring, daytime sleepiness

PE:
• Neck Circ = 17.5 in
• MP = 4
• Wt = 199 // Ht = 73 
• ESS = 16 / 24

Sxs: 
• 4-drug HTN
• Hyperlipidemia
• Former smoker

Other:
� Father died at age 55 from a 

stroke



Conclusion of a large, observational cohort study examining the Conclusion of a large, observational cohort study examining the role of OSA role of OSA 
in the development of first stroke or death from any cause.in the development of first stroke or death from any cause.

OSA is associated with increased incidence which is independent OSA is associated with increased incidence which is independent of other of other 
cardiovascular and cerebrovascular risk factors, including HTN.cardiovascular and cerebrovascular risk factors, including HTN.

Obstructive sleep apnea as a risk factor for stroke and death. 
NEJM. November 10, 2005.

Long term CPAP treatment in Long term CPAP treatment in 
moderate to severe OSA and moderate to severe OSA and 

ischemic stroke is associated with a ischemic stroke is associated with a 
reduction in excess risk of mortality.reduction in excess risk of mortality.

Independent of initial severity of Independent of initial severity of 
neurological event, cv risk factors, neurological event, cv risk factors, 

age, and sex.age, and sex.

AHI > vs < 20AHI > vs < 20

CPAP treatment reduces mortality in patients with 
ischemic stroke and OSA – a 5 year follow-up study.  
AmJRespirCritCareMed. April, 2009.

AHI = 47AHI = 47
76%76%

CPAP 12 cmH2OCPAP 12 cmH2O

Case 3 = CVACase 3 = CVA
57 y/o m
• Post-hospital referral
• s/p CVA and right sided hemiparesis
• had a (+) apnea link…6 months prior 

= patient did not want to “bother 
with it”

CC: 
• Loud snoring, sleeping in a recliner

PE:
• Neck Circ = 18.5 in
• MP = 4
• BMI = 42
• ESS = 15 / 24

Sxs: 
• 4-drug HTN
• Insulin dependent DM



AHI = 60AHI = 60
60%60%

CPAP 16 cmH2OCPAP 16 cmH2O

OSA + HypertensionOSA + Hypertension
• Hypertension 2003;42:1067-1074
• JAMA 2000;283:1829-1836

• Obstructive sleep apnea and its cardiovascular consequences. 
– Lancet. January 3, 2009.

• Obstructive sleep apnea and cardiovascular disease. 
– Circulation Journal.  August, 2009.

• Sleep apnea and cardiovascular disease. 
– JACC. August, 2008.

HTN improves 
after 1 month of 
treatment with CPAP

Case 1 = Case 1 = ““Howe SpecialHowe Special””
(pre(pre--operative screening)operative screening)

4-drug HTN



Circulation, 2003

Case 4 = CAD, HTNCase 4 = CAD, HTN
50 y/o m
• Cardiology referral

CC:
• “sleepy all day”

PE:
• Neck Circ = 18 in
• BMI = 34

Sxs: 
• Loud snoring, 
• naps every day
• “gasping for air” at night
• AM headaches

PMHx:
HTN, CAD, DM, tobacco

Split-Night Study

AHI = 108

CPAP 12cmH2O

Case 5 = HTN, aortic valveCase 5 = HTN, aortic valve
82 y/o m
• Near-drowning, 

following golf cart 
accident and fresh 
water pond in 2009

PE:
• Neck Circ = 17 in
• Ht = 5’7” / Wt = 210 lbs
• ESS = 12 / 24

PMHx
• 3-drug HTN
• Pacemaker
• Aortic valve surgery, 

but still dyspneic, 
hypoxic at night, and 
ongoing edema



SplitSplit--Night StudyNight Study
AHI = 81AHI = 81

89%89%

CPAP = 12cmH2OCPAP = 12cmH2O

BeforeBefore……

AfterAfter

OSA + ArrythmiasOSA + Arrythmias
• AJRCCM 2006(173):910-916
• SLEEP 2005;28(12)1543-1546
• NEJM 2005(352);12 March 2005

• Obstructive sleep apnea and its cardiovascular consequences. 
– Lancet. January 3, 2009.

• Obstructive sleep apnea and cardiovascular disease. 
– Circulation Journal.  August, 2009.

• Sleep apnea and cardiovascular disease. 
– JACC. August, 2008.

Relative risk of sudden cardiac death stratified 
by severity of OSA

N=34

N=39

N=39

Gami A. NEJM 2005



Case 6 = CHF, arrythmiaCase 6 = CHF, arrythmia
71 y/o m

CHF, atrial fibrillation, recent hospitalization

Neck Circ = 19 in
BMI = 35

Loud snoring, witnessed apneas

SplitSplit--Night StudyNight Study
AHI = 76AHI = 76

61%61%

BiBi--PAP = 21 / 17cmH2OPAP = 21 / 17cmH2O

OSA + CHFOSA + CHF
• Circulation 2003;107:1671-1678
• Circulation 2003;107:1822-1826
• SLEEP 2007;30(3):291-304
• AJRCCM 2001(163):19-25
• AJRCCM 1999(160):1101-1106
• SLEEP 2006;29(12):1531-1536
• CHEST 2007;132:843-851
• AJRCCM 2006(173):1300-1308
• AJRCCM 2004(169):361-366
• SLEEP 2007;30(4):468-475

• Obstructive sleep apnea and its cardiovascular consequences. 
– Lancet. January 3, 2009.

• Obstructive sleep apnea and cardiovascular disease. 
– Circulation Journal.  August, 2009.

• Sleep apnea and cardiovascular disease. 
– JACC. August, 2008.

OSA and CHF:OSA and CHF:
Improvement in LV function after only 1 month of nightly CPAP usImprovement in LV function after only 1 month of nightly CPAP usee

Kaneko Y. NEJM, 2003.



OSA and CHF:OSA and CHF:
Improvement in LV function after Improvement in LV function after 3 months 3 months of nightly CPAP useof nightly CPAP use

CPAP for CHF + CSA, NEJM 2005

OSA and CHF:OSA and CHF:
Improvement in LV function after Improvement in LV function after 24 months 24 months of nightly CPAP useof nightly CPAP use

AHI 
improves

LVEF 
improves

Mean O2 
saturation 
improves

Min O2 
saturation 
improves

Case 7 = CHF, cheyneCase 7 = CHF, cheyne--stokesstokes
77 y/o m

CHF, HTN, CAD, recent cardiac rehab

Neck Circ = 18.5 in
BMI = 33

ESS = 6 / 24

Loud snoring, dyspnea

Complex sleep apnea
AHI = 34 (87%)
CPAP 16cmH2O

1 minute1 minute

5 minutes5 minutes 10 minutes10 minutes



Case 8 Case 8 
CM, arrythmia, central apneaCM, arrythmia, central apnea

44 y/o m
Dilated cardiomyopathy

EF < 25%
Neck Circ =  20in

BMI = 32
ESS = 15 / 24

Central Central 
ApneaApnea

++
Atrial fibrillationAtrial fibrillation

++
CHFCHF

DOOKDOOK

Conclusion  Conclusion  -- 22

Sleep and Sleep and 
oxygen are good oxygen are good 
for you.for you.

Alternatives to CPAP

Case 9 = alternative to CPAP Case 9 = alternative to CPAP 
51 y/o m
• Primary Care

CC: 
• “insomnia x2 yrs”

– Trazodone qhs

PE:
• Neck Circ = 15 in, MP I
• Ht = 6’ / Wt = 168 lbs

Sxs: 
• snoring, frequent 

arousals, “choking”
during sleep

Meds:
• Prozac 20mg qam x5 yrs

AHI = 32AHI = 32
82%82%



Mandibular advancing Mandibular advancing 
oral applianceoral appliance

AHI = 0.7AHI = 0.7

Oral Appliance Therapy Oral Appliance Therapy 
(mandibular advancement)(mandibular advancement)

Robert Kulp, Jr. D.D.S.Robert Kulp, Jr. D.D.S.

HGNS HGNS –– The Future of Therapy for OSA?The Future of Therapy for OSA?
www.sleepapneatrial.comwww.sleepapneatrial.com

www.APNEXmedical.com www.APNEXmedical.com 

Conclusions

Summary = anyone can have apneaSummary = anyone can have apnea……
Dr. Thomason Dr. Thomason 

is my hero!is my hero!

and apnea has significant CV risksand apnea has significant CV risks……..
General

– 15 million Americans with OSA
– Most do NOT know that they have this…

HTN
– 50% of OSA pts have HTN
– 30% of HTN pts may have OSA
– Pts with more sever OSA< difficult to 

control BP, and better CPAP compliance 
do the best

Heart Failure
– 11 – 37% of CHF pts have OSA
– Less often c/o sleepiness
– Men > women
– > 50% with diastolic failure

Stroke
– Difficult to study without bias (survivors)
– Higher incidence immediately afterwards
– AHI > 20 may be higher risk
– 10 yr f/u after stroke shows higher 

mortality in pts with OSA

Arrythmias
– 50% of OSA pts have display some type
– Non-sustained V-Tach, sinus arrest, 2nd

degree av-block, frequent PVC’s (>2 per 
min)

– 4x risk for atrial fibrillation
• 82% of recurrence in 1 year after 

cardioversion if left untreated
• Half that % if treated with CPAP

– Increased risk for sudden cardiac death in 
the early morning hours (NEJM)

Pulmonary HTN
– AHI > 20 = 20%
– Usually mild, rare to have PAP > 35mmHg

End Stage Renal Disease
– Small series, 40-60%



And you too can positively impact the And you too can positively impact the 
health of patients at your hospital.health of patients at your hospital.


