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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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……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)

"It's a 100 percent difference," Harvin said. "I'm not waking up"It's a 100 percent difference," Harvin said. "I'm not waking up groggy. I'm waking up groggy. I'm waking up 
feeling refreshed and ready to go. So like I said, hopefully thafeeling refreshed and ready to go. So like I said, hopefully that's it.t's it.““

Harvin said he's no longer taking medication for the migraines.Harvin said he's no longer taking medication for the migraines.

September, 2010September, 2010

Increased prevalence of sleep-disordered breathing among professional football 
players.  NEJM.  January, 2003.
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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…



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%



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

“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%



Background Research
HGNS Therapy

Background Research – HGNS TherapyBackground Research – HGNS Therapy
Kezirian, E.J., et al.; Electrical stimulation of the 

hypoglossal nerve in the treatment of obstructive 
sleep apnea. SleepMed Rev 14(2010)299-305. 

� CPAP is the primary Rx - but 40-50% of patients fail due to 
compliance issues or refusal 
� Upper airway occlusion in OSA has been attributed to decline in 

pharyngeal neuromuscular activity occurring in a structurally 
narrow airway 
� Surgical treatment focuses on correction of anatomic 

abnormalities, but potential role exists for activation of upper
airway musculature.



Background Research
�Animal studies - dogs, cats, rats 
�Inserted needle electrodes, and even 

bilateral HGN cuff electrodes. 
�Beagles helped determine the "best" 

innervation (ie, tongue protrusor muscle = 
genioglossus) 

Background Research
Human Subjects
�began in late 1970's – generally a failure 
� late 1980's began to show some promise, with a 

decrease in AHI but still daytime hypersomnolence 
�difficult to reproduce in further studies 
�major problem was the arousal associated with 

placement of the leads on superficial areas 
(submental/submandibular) areas 
�1990’s research helped fine-tune which nerve fibers 

worked the best, leading to studies done on 
implantable HGNS by Medtronic, Inspire Medical 
Systems, and Apnex Medical in the mid-2000's



Hypoglossal Nerve

Genioglossus Muscle



Background Research
� Stim frequency: 50-100Hz to produce tetanic contraction 

of the genioglossus 
� Stim amplitude: 15-40V 
� Stim duration: 0.2-1.0ms 

� Timing of the stimulation should occur at the beginning of 
inspiratory effort - for every breath (ie, no hysteresis) 

� Prevention of arousal: the hypoglossal nerve is a purely 
motor nerve, which should selectively recruit the 
genioglossus muscle and reduce risk for "sensory“
arousals.

Background Research
�Patient selection may be key: "coupling effect" 

of the genioglossus muscle for some patients 
�a non-neural interaction exists between the upper 

airway segments  
�think: when the tongue moves forward, the soft palate 

moves upward, and the posterior oropharynx opens wider
�allows for this type of device to work for patients 

who have more than just tongue base obstruction



Background Research
�8 patients in early study: 4 centers, 1996-1997 
�36-57 y/o; BMI 28.4 +/- 4.5kg/m2; AHI 50 
�followed for 6 months - PSG done at 1, 3, 6 and 12 

months 
�AHI dropped to 20 
�better sleep architecture, with an increase in N3 

(deep) sleep, no arousals from the nerve 
stimulation, and no complaints of tongue pain, 
atrophy, etc. 



AHI=50

AHI=20

Apnex Ongoing Research TrialApnex Ongoing Research Trial









HGNS Programmer System











Study Design
Prospective, randomized, parallel, two-group, contr olled 
multi-center clinical study

o 2:1 Randomization (Treatment : Control)
o All subjects receive HGNS System ®
o Treatment: On at 1 month, remains on throughout stu dy
o Control: Off until the 7 month visit, then turned o n for duration of 

study
o Blinding of subjects and investigators is not possi ble
� PSG studies will have identifying information remov ed to minimize 

bias in the assessment of data contributing to the primary 
effectiveness endpoints

� PSG Core Lab will be blinded for scoring of all PSG s

o Sample size:  Up to 132 subjects enrolled and impla nted
o Results reported at 12 months of therapy, five year  follow-up on 

all subjects
o 15 US sites and up to 5 OUS sites



o Primary Effectiveness Endpoint #1
Proportion of subjects that meet the responder defi nition.
It is hypothesized that the responder rate in the T reatment Group will 
be significantly greater than the responder rate in  the Control Group 
at six months post-implant.

o Primary Effectiveness Endpoint #2
Proportion of subjects in the Treatment Group that meet the 
definition of a responder at 12 months post-implant .
It is hypothesized that the observed responder rate  in the Treatment 
Group at 12 months post-implant will be statistical ly >50%.

A responder is a subject that has:
An apnea-hypopnea index (AHI) < 20*, and ≥ 50% reduction in AHI from baseline AND

A reduction in oxygen desaturation index (ODI 4%) o f ≥ 25% or an ODI 4% of less than 5

Endpoints



HGNS Therapy
Local case example

Baseline PSG
AHI = 28
Sat = 79%



6 month PSG
AHI = 11
Sat = 89%

Case 1 = Case 1 = ““Howe SpecialHowe Special””
64 y/o female

Pre-op left knee replacement

Neck Circ = 18 in
BMI = 54

ESS = 13 / 24

Sxs: 4-drug HTN



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

61%61%

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



““BeforeBefore””
Supine + REM SleepSupine + REM Sleep

45 second apneas45 second apneas……with desats to 77%with desats to 77%

““AfterAfter””
Supine + REM SleepSupine + REM Sleep

CPAP at 10cmH2O, sats = 98%CPAP at 10cmH2O, sats = 98%



Conclusions

“Before” Picture
Severe OSA and CAD…

“After” Picture
Using CPAP every night



DOOKDOOK

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


