
 
 

 

 

 

Initial Public Comments for 

NCA for Continuous Positive Airway Pressure (CPAP) Therapy for Obstructive 


Sleep Apnea 

(CAG -00093R) 


Public Comment Period (April 8, 2004 – May 8, 2004) 


Comment #1: 

Submitter:  Asela M. Cuervo, Senior Vice President 

Organization: American Association for Homecare (AAHomecare) 

Date: May 7, 2004 5:57 PM 

Comment: 


The America Association for Homecare (AAHomecare) 

submits the following comments on the Centers for 

Medicare and Medicaid ServicesÆ (CMSÆ) 

reconsideration of the national coverage decision 

(NCD) on the use of continuous positive airway 

pressure (CPAP) devices for the treatment of 

obstructive sleep apnea (OSA) in adults. 

Currently, the NCD states that only a 

polysomnogram performed in a facility-based sleep 

study laboratory may be used to identify patients 

with OSA who will require CPAP.  In response to a 

request from Dr. Terence M. Davidson, CMS has 

opened the NCD for reconsideration on whether CMS 

should permit the use of portable multi-channel 

sleep testing devices in the home site of service 

as an alternative to facility based 

polysomnography for the appropriate patient 

populations. 


AAHomecare represents member companies in every 

line of service within the homecare community. 

Our members include home health agencies, and 

suppliers and manufacturers of durable medical 

equipment (DME) services and supplies and 

assistive and rehabilitative technologies.  We
 
support a revision to the current NCD to permit 

the use of portable multi-channel sleep testing 

devices in the home site of service as an 

alternative to facility based polysomnography for 

the evaluation of OSA. Many private sector 

payers currently recognize the use of home sleep 

studies for the diagnosis of OSA because this 

technology is reliable and affordable. Moreover, 




 
 

 

 

 

 

it has been widely acknowledged by the medical 
community that a lack of access to facility based 
polysomnography presents a barrier to treatment 
for individuals with OSA.  The Medicare program 
should follow the private sectorÆs lead in 
recognizing home sleep studies for the evaluation 
of OSA to improve the availability of sleep 
testing for patients with OSA. 

Background 
Sleep apnea is a disorder characterized by 
periods of apneas and hypopneas (breathing 
cessation and reduced breathing respectively). 
Obstructive sleep apnea is a common form of sleep 
apnea characterized by the partial or complete 
collapse of the upper airway during sleep. 
Symptoms of OSA include daytime sleepiness, 
fatigue, headaches, and cognitive impairment. 
OSA can lead to serious health risks for the 
individual, including for example, hypertension. 
OSA is commonly diagnosed by measuring the number 
of apneas and hypopneas during a defined period 
of sleep (the AHI index) and/or measuring the 
rate of oxygen desaturation during sleep in 
conjunction with the presence of other symptoms 
such as daytime sleepiness or hypertension. 

While there are a number of treatment options for 
OSA, including surgery, the most prevalent form 
of therapy involves the use of a CPAP device. 
The CPAP forces a flow of air through the airways 
using a noninvasive nasal interface. The device 
maintains the airflow at a fixed pressure, 
forcing the airway to remain open. Since 1987, 
CMS has covered the use of CPAP devices for 
patients with ômoderate or severe OSA for whom 
surgery is a likely alternative.ö  The NCD CMS 
issued in 1987 was consistent with the consensus 
opinion on the diagnostic criteria for OSA at 
that time. 

In 2001, CMS revised the NCD for the use of CPAP 
for the treatment of OSA to reflect current 
diagnostic criteria for OSA. Medicare will cover 
and pay for CPAP for the treatment of adults with 
OSA who meet the following diagnostic criteria: 



 

 

 

 

 

 

 
 

ò AHI > 15 events per hour, or 
ò AHI > 5 and < 14 events per hour with 
documented symptoms of excessive daytime 
sleepiness, impaired cognition, mood disorders or 
insomnia, or documented hypertension, ischemic 
heart disease or history of stroke. 

The NCD defines an apnea as the ôcessation of 
airflow for at least ten seconds.ö A hypopnea is 
defined as an ôabnormal respiratory event lasting 
at least 10 seconds with at least a 30% reduction 
in thoracoabdominal movement or airflow as 
compared to baseline, and with at least a 4% 
oxygen desaturation.ö 

OSA is typically diagnosed via a laboratory 
based, attended sleep study (polysomnography) 
that measures at the least, sleep time through 
sleep staging and respiration. The Medicare NCD 
specifically states that the polysomnography used 
to diagnose OSA must be performed in a ôfacility- 
based sleep study laboratory, and not in a home 
or mobile facility.ö  CMS is reconsidering this 
portion of the NCD to allow the use of portable 
multi-channel sleep testing in the home site of 
service as an alternative to facility based 
polysomnography. 

Comments 
It is widely acknowledged within the medical 
community that timely access to facility based 
polysomnography is a hurdle to treatment for 
patients with undiagnosed OSA. In the Wisconsin 
sleep cohort study, for example, 93% of women and 
82% of men with moderate OSA did not receive a 
diagnosis. As CMS recognized in the decision 
memorandum for the NCD on the use of CPAP to 
treat OSA, the clinical literature establishes 
that sleep apnea is a risk factor for 
hypertension and cardiovascular comordbidity. 
CMSÆ decision memorandum references a number of 
randomized controlled trials that evaluated the 
use of CPAP for the treatment of OSA.  These 
studies showed that individuals on CPAP devices 
had improved outcomes compared to those who 



 

 
 

 

 

 

 
 

 

 

received other therapy. Untreated OSA results in 
a number of more serious health risks including 
hypertension as well as other behavioral and 
cognitive symptoms that can be reduced or avoided 
with appropriate treatment. 

The current NCD for CPAP limits coverage for CPAP 
to those cases where the OSA was diagnosed during 
a facility based polysomnography, expressly 
excluding the use of portable multi-channel home 
sleep testing for the diagnosis of OSA. This 
policy is short sighted in light of the 
documented lack of timely access to facility 
based polysomnography and the serious health 
consequences of undiagnosed OSA. In contrast, 
the private sector, recognizing the importance of 
timely treatment for OSA, has adopted the use of 
portable multi-channel sleep studies in the home 
site of service as an effective alternative to 
facility based polysomnography.  This policy 
allows payers to reduce both the costs associated 
with facility based studies and patient care 
inasmuch as individuals with OSA who are treated 
with CPAP have better health outcomes. 

We are aware of one such program developed by a 
private sector health maintenance organization in 
response to backlogs of as much as four months 
for facility based sleep testing.  The program 
has resulted in savings for the insurer, and its 
enrollees receive treatment within 30 days.  We 
urge CMS to carefully consider the evidence in 
favor of adopting this alternative to facility 
based polysomnography.  The available technology 
is reliable, effective and addresses the lack of 
timely availability to facility based studies for 
individuals with undiagnosed OSA. 

Conclusion 
Based on the foregoing, we reiterate our 
recommendation that CMS revise the current NCD 
for CPAP to include portable, multi-channel sleep 
testing in the home site opf service as an 
alternative to facility based polysomnography for 
the appropriate patient populations. 



 

 

 

 

 

 

 

 
 
 
 
 

We appreciate the opportunity to submit these 

comments and remain available to discuss 

them with you at your convenience.  Please feel 

free to contact me if you have any questions, or 

if we can be of further assistance. 
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Comment #2: 

Submitter: Anthony Yonkers 

Organization: Otolaryngology 




 

 

 
 

 

 

 

 

Date: May 4, 2004 11:28 AM 
Comment: 

I agree with the letter sent to you by Dr. Terry 
Davidson regarding the cost effectiveness of the 
portable sleep testing devices that can be taken 
home with the patient. 

Comment #3: 
Submitter:  Bob Ricker 
Organization: Rex Healthcare 
Date: May 3, 2004 8:38 AM 
Comment: 

The process of monitoring & managing OSA patients 
should be completed in an accredited Sleep 
Laboratory or Sleep Disorders Center. Patients 
monitored at home can not receive the real time 
interface with professionals to receive a quality 
study. It was only 6-8 years ago that the home 
study polysomnography abuse was laid to rest, 
please to not give credence to this study and 
dilute the value of the Sleep Disorders 
profession once again. 

Comment #4: 
Submitter: Buddy Marshall 
Organization: Baptist Health Sleep Center 
Date: Apr 30, 2004 11:37 AM 
Comment: 

The use of portable multi-channel sleep testing 
devices is not well defined. Does this mean an 
attended or unattended study?  What parameters 
will be monitored?  Although a cardio-respiratory 
sleep study may be adequate for identifying clear- 
cut OSA, it will not provide the information 
required to identify various sleep disorders such 
as PLMD, arousal disorders, UARS, and 
parasomnias.  Therefore, if a patient with sleep-
related symptoms is negative for OSA based on a 
multi-channel sleep test, he or she would need 
further polysomnographic testing.  Therefore, 
testing cost would be increased for these 
patients as opposed to performing a PSG from the 



 

 

 

 

 
 

 
 

 

 

begining. 

In a center such as ours where the majority of 
patients undergo one split-night procedure for 
testing and treatment, use of this procedure 
would only increase the cost of testing.  Upon 
identifying patients with OSA by multi-channel 
sleep testing, an attended polysomnogram would be 
required for adequate titration of positive 
airway pressure and/or oxygen. Again, this can 
usually be accomplished in one night of in-lab 
testing. 

Comment #5: 
Submitter: Jacalyn Courney 
Organization: DCHS 
Date: Apr 30, 2004 2:13 PM 
Comment: 

Sleep studies need to be done in a sleep 
facility. The patient needs to be observed 
during the study by a trained, competent 
technician who can make the necessary adjustments 
if leads are lose, etc. Performing the studies 
in the home environment will lead to diagnosis 
being made on poor quality studies, frequent 
repeat studies, lack of compliance with treatment 
modalities to name a few drawbacks. 

Comment #6: 
Submitter:  David Polaski, RRT, RPSGT, Manager 
Organization: Greenwich Hospital 
Date: Apr 30, 2004 2:07 PM 
Comment: 

Response Re:Request to Allow Portable Sleep Testing in the Home 
As Manager of a Sleep Laboratory Accredited by 
the American Academy of Sleep Medicine and a 
Registered Polysomnographic Technician, I am 
writing to express my views on the above proposal. 

I do not agree that in-home portable sleep 
testing is equivocal to complete polysomnographic 
testing at a facility-based laboratory or 
center. The arguments proposed by Dr. Davidson 
are misleading in a number of areas. 



 

 
 

 
 

 

 

 

 

First and foremost, patients sent to the Sleep 
Laboratory are assessed for the presence and 
severity of a sleep disorder or disorders (the 
International Classification of Sleep Disorders 
recognizes over 80 disorders) and not simply for 
confirmation of a diagnosis.  Consequently, to 
automatically assume that a particular patient 
has a specific disorder, and that it is exclusive 
of all others, is somewhat presumptive.  Many of 
these other disorders depend upon the EEG sleep 
staging for their assessment, otherwise they are 
missed.  And if it turns out that the degree of 
disease does not correlate with the severity of 
symptoms and/or if multiple issues are suspected, 
then a second night of testing in an in-house, 
monitored facility will be necessary. 

In regards to Dr. Davidsonæs comment that split 
night studies cannot be done effectively in a 
single night, I disagree.  Because we use EEG for 
sleep staging, we can accurately assess 1-2 
complete sleep cycles (REM and all non-REM sleep 
stages) with absolute certainty, and do this 
within 3 hours, leaving us with 3-4 hours for 
CPAP titration. We also have critical value 
triggers that allow us to intervene automatically 
when certain parameters are seen.  The unattended 
in-home data cannot be analyzed on the fly, so 
there is no option to allow for timely 
intervention; the patient must get a second night 
of study regardless. That strikes me as 
inconvenient, at the least. 

After seeing and reviewing thousands of PSG 
performed in a sleep laboratory, I also take 
exception to the implication that studies must be 
performed in the patientÆs own home and bed in 
order to accurately reflect sleep. Without 
monitoring EEG, one does not know objectively 
what the quality of sleep is, so that statement 
cannot be scientifically made.  And since the 
patient is still connected to a number of wires, 
belts and electrodes, knows he is having a test 
done, and probably had a stranger in his home for 
the set-up (I truly hope that the patients would 



 

 

 

 

not be getting ôtake-home do-it-yourselfö 
testing), this cannot hardly be construed as 
a ônormalö nightÆs sleep; yet, without EEG, we 
donÆt know that. 

Frequently, during a sleep study, belts, 
electrodes, etc. must be repositioned, adjusted 
or replaced during the night.  In an unattended 
home study, there is no way to address this.  The 
data is lost or unusable.  I am also familiar 
with the studies Dr. Davidson refers to. They 
were performed in by reputable laboratories using 
highly qualified technicians.  Therein lies one 
of the major issues.  It is implied that the high 
laboratory standards seen in these studies will 
also occur in the organizations doing portable 
studies in practice, and I can assure you that 
will not be the case.  In my experience, 
individuals placing portable boxes in patientsÆ 
homes are marginally trained at best, because 
thatÆs the nature of the beast. The home-study 
companies are not going to be paying extra for 
qualified PSG technicians to do set-ups when they 
donÆt have to û therefore, this quality argument 
cannot be used here because the variables are 
entirely different. 

I also do not agree with the notion that ôSBD is 
under-diagnosed in large part due to a limited 
number of sleep diagnostic facilitiesö.  While 
SBD is indeed under-diagnosed, there are a number 
of reasons for this, including a lack of patient- 
education and failure of the patient to accept or 
act when confronted with the disease.  If there 
are areas that do have long waiting lists for 
PSGs, I still do not think that the answer should 
be widespread proliferation of portable units. 
Issues in these local areas should be addressed 
locally. If more in-house sleep facilities must 
be created, so be it. The number of these 
facilities continues to increase, with many 
resourceful ideas to control costs without 
sacrificing quality. Allowing the placement of 
portable testing units should be neither the 
quick-fix nor the long-term solution. 



 

 

 

 

 

 

 

Finally, I must take personal exception to the 

claim that arousal scoring has a high degree 

of ôinterpreter variabilityö.  Arousal scoring 

has specific criteria defined by the American 

Sleep Disorders Association, and qualified 

scoring technicians will generally have a 95% 

rate of agreement. 


The only way to guarantee a quality study, then, 

is to have it performed in a reputable sleep 

center or laboratory. While we urge all centers 

and laboratories to be accredited through he 

American Academy of Sleep Medicine, at least 

virtually any in-house sleep testing facility has 

some governing body overseeing the quality 

program, whether it is a State Agency, the Joint 

Commission of Hospital Accreditation, and/or 

internal review organizations such as their 

quality assurance departments. 


I therefore strongly urge maintaining the 

standards as they are currently written.  Thank 

you. 


Comment #7: 

Submitter: Greg Omlor 

Organization: Akron Children's Hospital 

Date: Apr 29, 2004 9:18 PM 

Comment: 


My comment is about the utility of portable 

multi-channel home sleep testing devices as an 

alternative to facility-based polysomnography in 

the evaluation of OSA. Any decision that is made 

should not be applied to pediatrics. There is 

not data that home testing in pediatric patients 

is accurate. 


Comment #8: 

Submitter: Harold Finn
 
Organization: 

Date: Apr 30, 2004 7:39 AM 

Comment: 


I believe that it would make ALOT of sense to 

allow the studies to be performed in the homw. I 




 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 

 

 

believe after many years of experience that the 
best results would be in the nnatural environment 
that the patient normally slepps in. We try in 
the labs to mimick the home enviroment, but it is 
VERY obvious that we are not. The home study 
would give us a much truer result. 
EXCELLENT IDEA Thank you 

Comment #9: 
Submitter:  Heather Highlander 
Organization: Association of Polysomnographic Technologists 
Date: Apr 30, 2004 7:59 AM 
Comment:  

Be careful here. 
There are many "nonfacility" sites, which do an 
excellent job at accurately diagnosing and 
treating OSA (Neurologists for example, who have 
been diagnosing and treating OSA many years 
before "facility/accreditied sites" existed). 

Excluding those sites will severely limit those 
Medicare recipients to potentially life saving 
care. 

Also keep in mind that the National Board of 
Medical Specialties have never formally 
recognized the American Academy of Sleep 
Medicine. Limiting diagnoses and treatment to 
those AASM "approved" sites thus relies upon an 
organization with no real credibility in the 
medical profession. 

Please make a very informed decision. 

Comment #10: 
Submitter: Lorelei  Heineman 
Organization: The Sleep Disorders Center 
Date: Apr 30, 2004 1:02 PM 
Comment: 

Home study equipment for CPAP titration is still 
not reliable, and should be done under a 
technician's direct supervision.  May be useful 
for retitration needs depending on the system. 

Comment #11: 



 

 

 

 

Submitter:  Iain Boyle 
Organization: Frisbie Memorial Hospital 
Date: Apr 30, 2004 8:59 AM 
Comment: 

Home based diagnostic studies are no more 
comfortable than studies based in a sleep center. 
Also EEG patterns MUST be measured in a 
diagnostic study, it is after all a sleep study 
not a nocturnal breathing study. To even attempt 
to titrate CPAP without a SLEEP MEDICINE 
TECHNOLOGIST in attendance is so ridiculous a 
proposal that it does not even deserve commenting 
upon. If this group wishes to relook at criteria 
for diagnosis and treatment of SLEEP RELATED 
BREATHING DISORDERS, then revisit the need for a 
4% drop in O2 sat for scoring a hypopnea, and 
make it either the drop in O2 sat or an arousal. 

Comment #12 
Submitter:  Kevin Justice 
Organization: Summit Medical Center - Center for Sleep Health 
Date: Apr 29, 2004 7:17 PM 
Comment: 

Significant quality issues are well documented 
across the country regarding home sleep testing 
procedures, mainly those provided by 
inexperienced and/or unqualified labs and home 
care companies. 
I submit to you it would be irresponsible for CMS 
to approve coverage for home testing for OSA, or 
any other sleep disorder, unless provided by an 
AASM accredited facility. 

Only AASM accredited centers are held to a higher 
standard of maintaining quality & excellence 
within their respective programs. It is difficult 
enough to achieve & maintain quality in a home 
testing environment through experienced sleep 
programs, let alone allowing non-accredited, non- 
accountable progams & companies to provide this 
service. 
Please consider carefully!... these are very 
expensive procedures, and left to those who are 
not held accountable to higher quality & 



 

 

 

 
 

 

 

 

 

standards, mistakes will continue to be made, 
quality will suffer, and the expense of 
diagnosing & treating the millions with sleep 
disorders will continue to rise. 

I also submit to you that strong consideration be 
given to approving coverage for all types of 
sleep testing, but only to those who have 
achieved AASM accreditation status. 

Comment #13 
Submitter:  Camden McLauglin 
Organization: 
Date: May 2, 2004 8:03 PM 
Comment: 

 Beleive that this is not in the best interest of 

Comment #14 
Submitter:  Philip Becker, MD 
Organization: Sleep Medicine Institute 
Date: Apr 30, 2004 11:01 AM 
Comment: 

I DO NOT CURRENTLY SUPPORT the NCA that requests 
multichannel home recording for testing of sleep 
disordered breathing as proposed by Dr. Terence 
Davidson. There may be a qualified role for home 
testing of sleep disorders, but the issue is 
complex.  It is not true in Dallas-Fort Worth 
that laboratory sleep testing is scarce.  In 
fact, there is an over supply of testing beds 
since there are many new providers with little 
experience in the field of sleep medicine.  As 
Chair of the Health Policy Committe of the AASM, 
I made the request of the AMA CPT Coding 
Committee, RUC, and HCFA in 1991-92 to allow 
various sleep testing codes, including ambulatory 
monitoring. It was the HCFA Medical Director, 
Dr. Bart McCann, who stated that home testing 
would be frought with the potential of abuse by 
unqualified practitioners. 

Research to date more commonly demonstrates that 
patients SLEEP LESS when monitored at home.  It 
is common to see the patient with the most 



 
 

 

 

 

 

 

 
 

disturbed sleep to have the most significant 
difficulty with home monitoring. 

Dr. Davidson also highlights the concept of sleep 
disordered breathing (SDB), rather than just 
sleep apnea.  SDB encompasses subtle breathing 
events such as upper airway resistance-related 
arousals (UARA).  UARA are defined by EEG 
AROUSAL, which requires brain electrical 
recording. It is my opinion that the sleeping 
EEG is an essential feature to record difficult 
patients and subtle breathing changes that lead 
to arousal. 

The American Academy of Sleep Medicine has 
practice parameters that should be considered in 
any analysis of this request. 

I also wish to point out that Dr. Davidson is a 
consultant to ResMed, a company that manufactures 
the home testing equipment described and will 
directly benefit from sales of their CPAP units. 
Dr. Davidson has done research and published a 
Sleep Primer on behalf of the company.  Although 
Dr. Davidson is an experienced surgeon on faculty 
at a respected medical school, he is a fairly 
recent member of the American Academy of Sleep 
Medicine (Member # 5895 out of ~8500 members).  I 
would think it prudent to determine the 
relationship and any conflicts of interest among 
the parties requesting the change. 

This request represents a potential "sea change" 
in the manner of testing and in the provider of 
service. I would predict a 10-fold increase in 
the volume of testing for SDB in Medicare 
beneficiaries.  The quality of tesing will also 
fall in view of the lack of qualification on whom 
might do the testing. 

I recommend denial of this request until thorough 
study has been completed. 

Comment #15 
Submitter:  Phillip Porte and Steven Zimmet, MD 



 

 
 

 
 

 
 

 

 
 

 
 

Organization: Nat'l Ass'n for Med. Direction of Resp. Care 
Date: May 8, 2004 5:14 PM 
Comment:  

The National Association for Medical Direction of 
Respiratory Care (NAMDRC) welcomes the 
opportunity to comment on the issue of portable 
sleep testing. 

Conducting sleep studies in a patientÆs home 
raises numerous issues revolving around quality 
of testing, access, and costs. 

╖ NAMDRC readily acknowledges that the 
clinical literature regarding home testing is not 
supportive, but many of these publications were 
based on outdated equipment and widely variable 
protocols. However, there is little doubt that 
as the technology capable of providing diagnostic 
information evolves, a payment system ought to be 
in place under appropriate circumstances.  Those 
circumstances might include: 

╖ A formal relationship with a facility 
based sleep laboratory that is 
accredited/approved by an appropriate body such 
as JCAHO, AASM, etc. to insure quality control. A 
care plan involving those appropriately trained 
and adept with the care of patients with sleep 
disorders is also a must. 

We believe that the current technology associated 
with home sleep studies can generate important 
information that could appropriately shorten the 
time to access full, multi-channel sleep 
studies. There is no question that timely access 
to sleep laboratories is a significant problem, 
and that a reimbursement structure that would 
permit home sleep studies under some 
circumstances would address part of that access 
issue. 

╖ Consideration should also be given to 
performing followup studies for patients already 
using equipment for sleep disorders to obviate 
the need for repeat studies in the lab. 



 

 

 

 

 

 

 

 

 

 

 

 

We appreciate the opportunity to comment on this 

matter and certainly would be glad to offer our 

guidance and expertise to CMS. 


Comment #16: 

Submitter:  Renee Meyer 

Organization: 

Date: Apr 30, 2004 2:29 PM 

Comment: 


Please be informed that the home testing 

equipment for OSA sleep studies is subject to 

many inaccuracies if not monitored by a 

polysomnography technician.  This is very 

important to correct diagnoses. 


Comment #17: 

Submitter:  Robert Garcia 

Organization: Sleep Dynamics 

Date: May 7, 2004 12:43 AM 

Comment: 


The use of multi-channel home sleep testing as 

an alternative method for determining OSA should 

be available for: 

1. Patients with medically limitating diseases 
that prohibit travel to an overnight facility. 
2. Single parents. 
3. Patients with reported history of difficulty 
sleeping away from home. 
4. Re-evaluation for patients with recurring 
symptoms of OSA. 
5. Evaluation of patients needing readjustment 
of CPAP pressures. 

Technology continues to produced smaller, 
lightweight portable multi-channel devices that 
are a significant improvement from early models. 

Comment #18: 
Submitter:  Shawn Kimbro, RPSGT 
Organization: Sleep Affiliates, LLC 
Date: Apr 29, 2004 3:56 PM 
Comment: 



 

 

 
 

 

 

 

 

 

 

 

Please do not approve changes to CIM 60-17 

without *valid* long-term scientific evidence. 

Current evidence does not support use of home
 
based systems for CPAP titration.  Our 

experience shows vast differences in titrated 

levels of patients tested outside an accredited 

diagnostic sleep testing facility.  A bad 

decision in this regard could have life-

threatening consequences. 


Comment #19: 

Submitter:  Steve Riggs
 
Organization: Metroplex Health Systems 

Date: Apr 29, 2004 5:12 PM 

Comment: 


I think with a little research that the 

complexity and the literal healthscape that is 

effected by OSA that doing studies in a sleep lab 

with an attending technician are warranted. 


Having been charged with overseeing a sleep lab 

for three years I have come to appreciate that 

OSA can be masking overt central hypopneas along 

with a myriad of other sleep related disorders 

that will washout and not be attended to without 

a comprehensive sleep lab study. Along the lines 

of that thought the observations and 

interventions by a trained lab attendant is 

crucial. 


While understanding that there are people and 

equipment suppliers looking for a healthy 

reimbursement along with minimal outlay for 

equipment and manpower wages I cannot support in 

good conscience studies at home that target a 

portion of the problems of sleepers that can only
 
be unmasked in a sleep lab. 


Comment #20: 

Submitter:  Susan Anderson, M.D. 

Organization: Sleep Disorders Center & Neurology Practice 

Date: Apr 29, 2004 10:08 PM 

Comment: 




 

 

It would be completely irresponsible and inadequate to do 

home studies for evaluating patients for sleep pathologies, 

including obstructive sleep apnea.  Anyone who is 

appropriately traines/educated in this field is well aware of 

the variety of variables that can affect sleep, saturations, 

arousals, and sleep stages.  There is no way that a home, 

unattended study can provide the needed information. 

Unfortunately, it can also allow patients to be assumed 

(incorrectly!) as NOT having a sleep pathology, or NOT 

having OSAS, when they really DO have it, because it will 

not pick up underestimated apneas, upper airway 

resistance, central vs obstr. pathologies, as well as other 

sleep pathologies. It will also grade zero for people who 

may not attain REM or delta sleep !  This is irresponsible !!! 


Comment #21: 

Submitter:  Keith Thornton, D.D.S 

Organization: 

Date: Apr 30, 2004 1:10 PM 

Comment: 


One of the best papers on the problems and use 

of polysomnography was an abstract published in 

the abstract book of the American Professional 

Sleep Society by Milton Kramer, Bethesda 

Hospital, Cincinatti, Ohio. He did a follow-up 

on over 7000 patients referred to his sleep lab 

with a tentative diagnosis of sleep apnea by 

history. 25% refused the test (cost, etc?), 24% 

did not have sleep apnea bad enough to warrant 

cpap, 13% did not return for cpap titration, 10% 

chose another treatment, 8% rejected cpap at 

trial, 8% stopped wearing the cpap which leaves 

a yield rate of 12% of all those referred to a 

sleep lab. In numerous other studies the average 

use of cpap is about 4.5 hrs. per day, 5 days a 

week. The comments by Kramer wereô The 

diagnostic and treatment process in somnology , 

at the clinical level, needs to be more 

carefully and systematically scrutinized." 

ôWe have an effective, but burdensome, treatment 

for OSA. Utilization of the treatment remains an 

enormous problem." 

   In this study, a minimum of 75 polysomnograms 
were done for the 12 that wore a cpap. 
    At present, I am using the Remmers Sleep 



 

 

 

 

 

 

Recorder which has level 1 evidence comparing it 
to the polysomnogram (97% correlation). I am 
using it with the TAP oral appliance to treat 
cpap and surgery failures. I do both a before 
and after study to confirm efficacy. The device 
can be adjusted so that the jaw is maoved foward 
until the patient's apnea is below 15 with 
elimination of symptoms. The pertinant peer 
reviewed papers are as follows: Obstructive 
Sleep Apnea, Flemons, N Engl J Med, Vol.347, 
No.7, Aug 15, 2002; Automated Analysis of 
Digital Oximetry in the Diagnosis of OSA, 
Vasquez, Thorax 2000, 55:302-307; Evaluation of 
Variable Mandibular Advancement Appliance for 
the Treatment of OSA, Pancer et al, 
Chest/116/6/Dec. 1999. 
    Using this algorithm, I get a better than 
90% success rate. In many cases, I have to do 
several studies to adjust the protrusion of the 
mandible to eliminate both the apnea and 
symptoms. The patients I treat include severe 
apnics. "Studies have shown that the TAP has 
stopped snoring in more than 96%* of patients 
who wear the appliance, making it more 
successful than any other oral appliance 
currently available. It is also the only oral 
appliance proven effective for the treatment of 
severe obstructive sleep apnea. 

* Chest. 1999; Vol. 116, pages 1501-1503 
"Treatment of Sleep Apnea" 
by Peretz Lavie, PhD 

    The unfortunate issue is that Medicare does 
not cover oral appliances unless a patient has a 
polysomnogram and has failed cpap. In my 
experience, the failed cpap patients will not 
return for a follow-up polysomnogram and 
insurance does not pay for ambulatory 
monitoring. Virtually all my patients whom I 
treat, feel that the psg is a waste of time and 
will not go back to it. They would prefer to pay 
out of pocket the $150 I charge for the home 
study. 
   Probably the best algorithm would be to start 
people on an autocpap which could both diagnose 



 

 

 

 

 

 

and treat people at the same time and would 
eliminate those that couldn't or wouldn't wear 
it. 
   Finally, Medicare should look into the 
effectiveness of oral appliances. If compliance 
is considered, the effectiveness ( reduction in 
RDI times compliance) is considerably better 
with oral appliances than with cpap.
 If you then consider the cost of diagnosis 

and treatment with the great numbers of people 
who can't wear cpap, oral appliance therapy 
using home monitoring bocomes just a fraction of 
the cost of psg's and cpap. 

Comment # 22: 

Submitter: Daniel Ventimiglia 

Organization: Tampa General Hospital Sleep Disorders Center 

Date: Apr 30, 2004 10:42 AM 

Comment: 


Although there are not enough centers to 

accomadate the growing population of OSA 

patients. I find it very concerning that we take 

the polysomnography and "water it down" to get as 

many people treated.  It seems instead of 

allowing the professionals who are trained to 

review sleep, we will allow all persons who can 

see if a person has enough desats to be placed on
 
CPAP. I have been trained and work with many 

board certified sleep doctors to know that the 

best diagnosis is one that takes into account the 

whole picture, not bits and pieces as to what is 

being proposed. I see a place in home studies but 

not on the large level that has been proposed. If 

this change is allowed to go through how can 

anyone be comfortable that there diagnosis is 

complete. I believe it would not instill the 

confidence people have in the present testing we 

have at this time. This test is a change in 

someones life for the rest of thier life in most 

cases. How can anyone feel it is okay to 

discount or reduce the necessary parameters to 

make such a life changing decision/treatment. 


Comment #23: 

Submitter: David Steward, MD 




 

  

 

 

 

 

 

 

 

Organization: University of Cincinnati College of Medicine 

Date: Thu, Apr 15, 2004 2:50 PM 

Comment: 


I am in favor of a change of policy regarding multichannel home sleep 

testing. 


Comment # 24 

Submitter:  Bruce Reisman, MD 

Organization: 

Date: Wed, Apr 21, 2004  1:06 AM 

Comment: 


I am a practicing Otolaryngologist in California.  I am intimately  

involved with the diagnosis, care and testing of patients with  

Obstructive Sleep Apnea (OSA). The past decade has seen an explosion of  

technology with regards to the diagnosis and treatment of OSA.  The 

quality and validity of in-home testing has been improved by this  

advance of technology. I am quite confident that patients are only  

benefitted by the availability of in-home testing.  


There are many instances where a polysomnogram done in a sleep lab has  

to be repeated because of the foreign nature of sleeping in a lab.  

In-home testing obviates this problem. The tests that are done in-home  

are frequently scored by board certified physicians and always by people  

highly trained in polysomnography. 


There are limited accredited sleep labs in my area.  Allowing patients  

to have the opportunity to have in home testing for OSA will help  

prevent access to care problems as the diagnosis of OSA becomes ever so  

increasingly common in our society. It need not be mentioned that  

in-home testing is much more cost-effective. 


Please give this issue the high consideration it deserves. 


Comment #25: 

Submitter:  Kent S. Wilson, M.D. 

Organization:  Midwest Eye & Ear Institute, Suite 120 

Date: Thu, Apr 22, 2004 11:22 AM 

Comment: 


We hope you will modify Medicare policy to allow multichannel home unattended 

testing to diagnose OSA. We have employed the WatchPat 100 device and find it 

cost-effective, reliable, and easy to use. It achieves diagnostic results promptly at a low 

cost and allows rapid institution of treatment. 




 

 

 

 

  

 

 

Comment #26: 


Submitter:  Woodson, B. Tucker, MD, FACS 

Organization: Diplomat of the American Board of Sleep Medicine 

Date: Tue, Apr 20, 2004 6:37 PM 

Comment: 


Dr Davidson's letter is clinically sound.  Many of the arguments supporting 

full polysomnography as the only means of confirming the diagnosis of OSA 

border on scientific nihilism.  One only needs to try to evaluate the recent 

position and review papers to realize the scientific argument is being 

manipulated.  As the director of an accredited sleep center, I am fully 

aware that no test including PSG is perfect.  Yet, there is ample evidence 

that many cardio respiratory devices can diagnose and assess severity in 

many subsets of OSA patients.  There is also vast clinical experience that 

indicates that the addition of EEG and EMG data do not significantly alter 

diagnostic outcomes for sleep disordered breathing. 


A major problem is that devices performance in patient populations and 

diagnostic environment widely differs.  Although, many are likely adequate 

diagnostic tools, there is very scattered comparative information.  Blanket 

acceptance of all OSA diagnostic devices is unsound but given the huge 

current and future need for such devices, all should not be excluded.  I 

would support Medicare altering its policies on sleep studies. 


Comment #27: 

Submitter:  M. Boyd Gillespie, MD 

Date: Fri, Apr 23, 2004 10:15 AM 

Comment: 


I am an otolaryngologist in academic practice at the Medical University of South 

Carolina. I am writing in favor of home sleep testing by qualified physicians with an 

interest in sleep apnea. I do not perform these studies myself, but I have reviewed the 

literature with regards to home testing. I would like to share several observations with 

you: 

(1) Home testing is less invasive and less expensive. 

(2) Home testing is more natural, and therefore my provide a better picture of the 

patient's sleep disorder in the patient's normal sleep environment. 

(3) The correlation between home testing and sleep lab polysomnography is excellent. 

Most of the major studies on sleep apnea (Wisconsin Sleep Cohort and Sleep heart Health 

Study) have used home testing devices. 

Thank you for your consideration on this matter. I think it is important to give patients 

and their physicians as many options as needed in the evaluationa nd management of this 

chronic disorder.  


Comment #28: 



 

 

 

 

 

 

Submitter:  W. Curtis Whisler 

Organization: 

Date: Wed, Apr 21, 2004  4:48 PM 

Comment: 


Dr. Sanders, I understand you have recently received a request from Dr.  

Davidson to reconsider the role of multichannel unattended sleep studies. I  

want to let you know I support this whole-heartedly. 

We have been using the Watch-PAT system from Itamar since July 2003 with  

great success in our clinic. Not only have we performed over 40 studies in  

the patients home without a single problem reported from the patients, but  

we have significantly reduced the price of health care by going this route.  

By the time the patient has seen me for an initial visit, sleep study and  

follow-up visit, we are still costing the patients and insurance companies  

less than 1/4 of what a PSG costs. 

In addition to cost savings, the procedure at our clinic keeps patient care  

in the primary care physician's office allowing us to coordinate care and  

follow-up efficiently. For example, I may see a patient on a Monday to  

discuss fatigue, snoring and obesity. If the screening questionnaire is  

positive, placing the patient at high risk for having OSA, I will then teach  

the patient how to use the Watch-PAT system. That night they will complete  

the study, return the unit to me on Tuesday for downloading and  

interpretation of the data. I will call them back in a couple of hours and  

as soon as that evening I can have them seen by the respiratory therapist  

and on an autotitration of CPAP 

Because of this smooth flow and centrally located care our patients get  

follow-up at each and every visit regarding their sleep apnea.
 
The value of what I have discussed can't be underestimated. Our patients  

have been extremely pleased with the testing and treatment. I know that I  

have made a positive impact on each person I have tested and treated for OSA  

using the home based Watch PAT system.  


Comment #29: 

Submitter:  Jose Loredo, MD, MS, FCCP 

Organization: UCSD School of Medicine 

Date: Tue, Apr 20, 2004 8:02 PM 

Comment: 


I am writing this letter to urge you to help change CMS policy so that  

it will accept the use of multi-channel unattended home sleep studies  

(Type 3 studies) for the diagnosis and the treatment with CPAP of  

obstructive sleep apnea(OSA) in patients with a high likelihood of the  

disease (history of chronic snoring, excessive daytime somnolence, observed  

apneas by family members, obesity). 


The prevalence of symptomatic obstructive sleep apnea in the general  




 

 

 
  

  

population is at least 2-4%, which probably a gross underestimation, and in  
some populations such as veterans and patients with chronic renal failure,  
can be as high as 40%-50%. I am sure that you are aware of the grave  
clinical and social consequences and the medical and social costs of not  
diagnosing and treating this condition. It is virtually impossible to  
timely diagnose and treat a condition with such a high prevalence in a  
tertiary care setting, as is in the attended sleep lab. The regulation that  
OSA can only be diagnosed in the attended lab by polysomnography has  
created a virtual bottle neck in helping these patients. 

There are numerous studies, all of which have evaluated type 3 portable  
sleep recording equipment, looking at the accuracy of diagnosing OSA in  
patients referred because of symptoms suggestive of sleep disordered  
breathing. The correlation of the AHI with polysomnography ranged from 0.63  
to 0.94 and the accuracy compared to polysomnography in diagnosing OSA was  
almost 100% in each study. What is also important from the CMS policy point  
of view is that unattended home sleep studies cost about 1/4 of the  
attended polysomnograms. The Sleep Heart Health Study has put to rest the  
idea that home sleep studies are not feasible or not acceptable to the  
patient or that the patient sleeps better in the lab in a strange bed (more  
than 6,000 subjects and more than 7,000 home unattended polysomnograms). I  
have taken the liberty to attach below a number of recent references that  
support the feasibility, accuracy, acceptance by the patient, and  
economical claims for unattended home sleep studies: 

1. Redline S, Tosteson T, Boucher MA, Millman RP. Measurement of 
sleep-related breathing disturbances in epidemiologic studies. Assessment  
of validity and reproducibility of a portable monitoring device. Chest  
1991;100(5):1281-1286 
2. Coppola MP, Lawee M. Management of obstructive sleep apnea syndrome in  
the home. The role of portable sleep apnea recording. Chest 1993;104(1):19-25 
3. White DP, Gibb TJ, Wall JM, Westbrook PR. Assessment of accuracy and  
analysis time of a novel device to monitor sleep and breathing in the home.  
Sleep 1995;18(2):115-126 
4. Whittle AT, Finch SP, Mortimore IL, MacKay TW, Douglas NJ. Use of home 
sleep studies for diagnosis of sleep apnoea/hypopnoea syndrome. Thorax  
1997;52(12):1068-1073 
5. Ancoli-Israel S, Mason W, Coy TV, Stepnowsky C, Clausen JL, Dimsdale J.  
Evaluation of sleep disordered breathing with unattended recording: the  
NightWatch System. J Med Eng Technol 1997;21(1):10-14 
6. Parra O, Garcia-Esclasans N, Montserrat JM, et al. Should patients with  
sleep apnoea/hypopnoea syndrome be diagnosed and managed on the basis of  
home sleep studies? Eur Respir J 1997;10(8):1720-1724 
7. White DP, Gibb TJ. Evaluation of the Healthdyne NightWatch system to  
titrate CPAP in the home. Sleep 1998;21(2):198-204 
8. Davidson TM, Do KL, Justus S. The use of ENT-prescribed home sleep  



 

  

  

 

 

 

studies for patients with suspected obstructive sleep apnea. Ear Nose  
Throat J 1999;78(10):754-762 
9. Fletcher EC, Stich J, Yang KL. Unattended home diagnosis and treatment  
of obstructive sleep apnea without polysomnography. Arch Fam Med  
2000;9(2):168-174 
10. Lloberes P, Sampol G, Levy G, et al. Influence of setting on unattended  
respiratory monitoring in the sleep apnoea/hypopnoea syndrome. Eur Respir J  
2001;18(3):530-534 
11. Golpe R, Jimenez A, Carpizo R. Home sleep studies in the assessment of  
sleep apnea/hypopnea syndrome. Chest 2002;122(4):1156-1161 
12. Dingli K, Coleman EL, Vennelle M, et al. Evaluation of a portable  
device for diagnosing the sleep apnoea/hypopnoea syndrome. Eur Respir J  
2003;21(2):253-259 

I am acquainted with the recent review of the unattended home sleep study  
literature published in Chest and a distillation of it in Sleep  
2003;26(7):907-913. The joint commission concluded that type 3 sleep  
studies were not adequate to diagnose OSA due to the lack of evidence after  
they disqualified most studies from consideration because they did not meet  
their level of evidence. They did not take into consideration that all of 
the current literature  was designed to use Type 3 studies in patients at  
high likelihood of having OSA. I have recently been in meetings where some 
of the members of the joint commission were presenting these findings, and  
they had to agree, that the evidence that Type 3 studies are effective in  
diagnosing OSA in the suspected patient is strong. However, this evidence  
(references above), did not meet their prescribed scientific criteria.  
Also, when pressured, most sleep clinicians will agree that once a study  
shows you an AHI of >15/hr in a patient who snores, has excessive daytime  
somnolence, observed apneas, and is obese, there is no need to have EEG  
recording of sleep as required by Medicare. 

I am suggesting that unattended multi-channel home sleep studies (type 3)  
should be acceptable for diagnosing and treating with CPAP patients with a  
high likelihood of having OSA. These studies should be capable of full  
disclosure of at least 4 channels: oximetry, airflow by nasal cannula or  
thermistor or both, respirtory effort by impedance or piezoelectric band,  
and heart rate. Also all studies should be reviewed and scored manually to  
assess artifacts, and determine quality of the recording. Finally, the  
recording has to be interpreted by a Clinician (MD or PhD) with experience  
in the diagnosis and treatment of obstructive sleep apnea who would be  
qualified not just to make a diagnosis, but to make treatment decisions and  
recommendations. 

Thank you very much for your help in helping us care for our patients. 

Comment #30: 



 

 

 

 

 

  

 

 

Submitter:  Jimmie Daugherty  

Organization: 

Date: Mon, Apr 26, 2004 5:53 PM 

Comment: 


This will be a bad idea.  These systems are much cheaper and this will allow more people 

to set up shop. The market will be flooded with bad companies.  This also means that 

many dme providers will conduct these studies as well.  I think this will open the door to 

more fraud in the future. I do not see how a patient can a sleep study performed in the 

home unattended and have the same quality.  BAD IDEA! 


Comment #31: 

Submitter: Dee Clower 

Organization: VitalCare HME, Inc. 

Date: Tue, Apr 27, 2004 7:57 AM 

Comment: 


    Medicare has stopped paying for these sleep studies, for various reasons.  That is why 
there are a lot of patients that are not willing to go and get them done anymore.  We hear 
more and more that "I wound up having to pay out of pocket for the sleep center to test 
me overnight, and I was not even sure I was sleeping well."  This is not working well for 
the patients that do not have the money to do so. Word of mouth spreads fast when you 
are in a remote area as we are.   

People are scared to go in and have this done at the sleep center and they are telling us 
that it would work better if someone could just come to their home.  "How can the test be 
accurate, when I do not sleep anywhere but at home, normally?"  The sleeping in a 
different bed is also a great issue. The PSG, I do believe, can not be 100% accurate when 
you are sleeping in a different bed then your own.  How do you sleep when you are in a 
hotel room, or at someone else's house? I know that my patients and myself, sleep a 
whole lot different than what we would normally sleep. When I stay in a hotel, I wake up 
4-5 times a night.  I do not feel 100% rested at all.  Please take at least this into 
consideration. 

Comment #32: 
Submitter:Duane_Ridenour 
Organization: QS/1 Data Systems 
Date: Mon, Apr 26, 2004 11:42 AM 
Comment: 

I believe it is a good idea to allow for home sleep studies in determining 
a diagnosis of OSA for patients who may need a CPAP.  In home studies 
provide the beneficiary a familiar environment in which to sleep providing 
for a more accurate picture of how the patient sleeps.  Studies performed 
in a sleep lab are not consistent with home sleep.  Consider, for example, 
the fact that the beneficiary spends nearly an hour in being connected to 
the leads and then is awakened much earlier than they would normally arise. 



 

 

 

 

 

 

 
 

 

Coupled with the fact that most people sleep better in their own bed, it is 

possible that beneficiaries are not getting the deep sleep that is 

necessary for a more accurate diagnosis. 


Thank you for your consideration, 


Comment #33: 

Submitter:  David Long, RRT 

Organization: 

Date: Tue, Apr 27, 2004 10:22 AM 

Comment: 


    My name is Dave Long. I am a Respiratory Therapist from Rocky Mount, NC.  
I think home based sleep testing is a viable option that should be considered.  
There are pros and cons. I'm sure you would save a ton of money for one, and  
being a OSA patient myself, testing in my home enviornment would have made  
alot of sense for comfort reasons. I think many more people would have access to  
therapy this way. I understand that there will be a percentage of patients  
that would require a full labaratory work-up, but I beleieve that the majority of  
OSA can be non-invasively treated at home without ever visiting a lab. Thank  
you for reviewing my comments. 

Comment #34: 
Submitter: Jane C. Hodges, R PSG T 
Organization: Doctors Hospital Center for Sleep Disorders 
Date: Wed, Apr 28, 2004 10:11 AM 
Comment: 

This letter is in response to the request of Dr. Terence M. Davidson to 
include the use of portable multi-channel home sleep testing devices as an 
alternative to facility based polysomnography. 

Being in sleep medicine for the past 15 years, I have dealt with both home 
sleep testing and facility based monitoring and feel that facility based 
monitoring should be the gold standard for the evaluation of OSA. 

Home sleep testing has both advantages and disadvantages.  The advantages 
include the patient sleeping in their own bed and the cost may be less, but 
that is all. The disadvantages include: 
1. Wires falling off despite electrodes being secure during hookup.  Once 
the wires fall off, information is lost and the study must be    

repeated. 
2. Patients reliability in operating equipment. i.e. turning equipment on. 
3. Pulse oximeters reliability for desaturations if probe becomes loose or 
patient is sleeping on arm. 
4. Patient compliance. i.e. pulling off electrodes during the night and 



 

 

 

 

 

 

 

 

deciding to quit procedure. 


Dr. Davidson is also requesting that EEG and EMG recording not be used for 

home studies because of the high interpreter variability and that EEG and 

arousals make little difference. 

I disagree with his statement. 


Since I have scored thousands of studies over the past decade, I know the 

importance of EEG, EMG and arousals can make a difference in not only SDB 

but other disorders as well. Some patients with a suspicion of OSA may have 

other underlying sleep disorders that may go undetected without full 

polysomnography.  Other disorders include Restless Leg Syndrome, Periodic 

Leg Movements of Sleep, seizure disorders, or REM Behavior Disorder.  This 

physician may be treating one incidence of a sleep disorder but the 

patient's underlying daytime sleepiness may not be treated thus resulting in 

another full polysomnography at a facility or the patient may undergo 

Multiple Sleep Latency Testing. 


At our facility, we discourage split night testing unless requested by the 

physician or insurance company.  If the patient does not meet Medicare 

guidelines for the split night, then CPAP is not added and patient returns 

for a second night. We have 4 beds that operate 7 days a week.  Our wait 

time is 10-14 days for scheduling and we provide a comfortable atmosphere 

for our patients. There are 9 other facility based sleep labs in our area 

which provide the same service. 


Polysomnography studies should be interpreted by an MD, DO or PhD who is 

board certified by the AASM or had experience in a sleep lab facility. 

Allowing home sleep studies to be performed by a greater number of 

practioners will only jeopardize the sleep profession.  If home based PSGs 

are allowed by CMS, then individuals who are not qualified or have a full 

understanding of sleep medicine will be performing these studies. 


I ask that you please continue to use the national determination for 

diagnosis and treatment of OSA and NOT USE home testing. 


Thank you for your time in this matter. 


Comment #35: 

Submitter:  Dr. Martin Hopp 

Organization: Cedars-Sinai Medical Center 

Date: Tue, Apr 27, 2004 2:48 PM 

Comment: 


This letter is in support of Sr. Davidson's proposal in support of  

multichannel home sleep testing. This will enhance the health care of  




 

 

 

 

 

 

many patients. 

Comment #36: 
Submitter:  Lawrence E. Kline, DO, D.ABSM, FACP, FCCP 
Organization: The Scripps Research Institute 
Date: Thu, Apr 29, 2004 12:24 AM 
Comment: 

To my knowledge Dr. Davidson is not trained in sleep medicine and is an 
ENT surgeon on the board of ResMed a large manufacturer of CPAP and testing 
devices. There are much better sources of evidence based thinking on this 
issue that won't threaten care and elevate testing costs.  A non conflicted 
scholarly review of options for diagnosis and treatment that serves patients 
in a cost sensitive manner is appropriate.  Reliable testing that clearly is 
needed for therapeutic decision making is key.  Allowing anybody to do 
testing promoted by manufactuers would likely create a problem for CMS costs 
and patient care. Well trained specialist who primarily do this work can 
apply these tools in an effective way.  Organizing this outside of a 
facility based system where there are checks and balances may be difficult. 
To address this I would urge you to form an expert  panel to review the 
issue and present their findings to you in a manner that serves the public 
good. 

Thanks for your consideration. 

Comment #37: 
Submitter:  Jed Black 
Organization: Stanford Sleep Disorders Clinic 
Date: Sun, May 9, 2004 5:43 PM 
Comment: 

This letter, sent to Dr. Phurrough on May 7, 2004, contains the view of the 
sleep medicine physicians at Stanford University Sleep 
Disorders Clinic in response to Dr. Davidson's letter 
regarding the national coverage determination for 
diagnosis and treatment of obstructive sleep apnea. 



M~~ \ \ ~~ 
SLEEP DISORDERS CUNICSTANFORD 

HOSPITAL & CLINICS 

Stanford University Med/'cal Center 

May 4, 2004 

Steve Phurrough, MD, MP A 
Director, Coverage and Analysis Group 
Office ofClinical Standards and Quality 
Centers for Medicare and Medicaid Services 
7500 Security Boulevard 
Baltimore, MD 21244 

Dear Dr. Phurrough, 

We comprise the Stanford University sleep medicine physicians providing patient eare at the 
Stanford Sleep Disorders Clinie and write to comment on Dr. Davidson's request for a review of 
"the national coverage determination for diagnosis and treatment of obstructive sleep apnea". 
While we agree that the regular review of MedicarelMedieaid policy regarding obstructive sleep 
apnea (OSA) is important as the rapid advancement of knowledge about OSA continues, we are 
concerned by the many factual errors and faulty logic Dr. Davidson presents. Ultimately, 
however, a modest modification ofpolicy regarding the use of ambulatory diagnostic monitoring 
- which we describe below - may be timely. 

Before proceeding, we must recognize the great strides in Medicare policy that have occurred 
already in the development ofmore appropriate guidelines, as we leam more about OSA and its 
health consequences. 

It is true that health consequences of OS A are serious, have a significant impact on patients' 
lives, and result in increased health-care costsl.3. Yet, the prevalence data submitted by Dr. 
Davidson represent a misinterpretation of findings presented by researchers in Wisconsin who 
have rigorously followed a very large working adult cohort over many years4

• Additionally, the 
assertion made by Dr. Davidson that OSA is under-diagnosed due to a dearth of "sleep­
diagnostic facilities" is incorrect. The under-diagnosis ofOS A largely stems from an improved 
but still inadequate fund ofknowledge of this condition among physicians and other health 
practitioners. Finally, many inaccuracies are found in Dr. Davidson's perspective on 
polysomnography (PSG) versus ambulatory (in-home) monitoring. Specifically, a) home­
monitoring equipment type, specifications and quality, as well as signal sensor type and number, 
vary substantially across manufacturers; b} in appropriate patients, particularly those with more 
severe OSA for whom a split-night study is a common approach, split-night PSG not only has 
the potential to be more cost-effective than diagnostic home-monitoring5 but also reduces 
treatment delays because treatment is initiated the very night that the condition is confirmed; c) 
the overwhelming majority of home-monitoring validation studies have demonstrated some 
variance with PSG - frequently negatively affecting diagnostic sensitivity more than specificity6 
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(This issue has been thoroughly explored multiple times by the American Academy of Sleep 
Medicine task force on testing for sleep-related breathing disorders\ d) much ofwbat presents 
clinically as simple obstructive sleep apnea is complicated by co-morbid sleep disorders which 
require the multiple sensor signals PSG provides for accurate diagnosis. It is notable that many 
ambulatory monitoring systems are unable to distinguish periods of sleep from wakefulness. 

Simply stated, Dr. Davidson's interpretations of the OSA literature are inaccurate and his 
experience inadequate. PSG provides critical and clinically essential advantages - in addition to 
potential economic advantages3 

- to home monitoring in a large percentage of sleep patients, and 
validation studies often demonstrate home monitoring to provide inadequate sensitivity in the 
less severe OSA patients, yielding false negatives. Patients in this category will be 
inappropriately characterized as "normal" and be denied treatment that we now know to not only 
reduce cardiovascular consequences and improve longevity8 and quality of life, but also to 
reduce health care expenses3

• 

All ofthe above caveats to home monitoring for OSA notwithstanding, judicious use ofhome 
monitoring may have an appropriate place in the diagnosis of OSA in patients suffering severe 
OSA who present with unambiguous clinical signs and symptoms of OSA. The majority of 
validation studies ofhome monitoring devices suggest adequate positive predictive values to 
warrant use in these unambiguous patients only if/oHow up PSG is provided, when the home 
study results are negative, to confirm the absence of OSA. A modification to Medicare policy 
for sleep testing coverage determination to include multi-channel home monitoring would 
be appropriate, if its use were restricted to patients presenting with unambiguous OSA, 
and if home studies were followed immediatelY by PSG when the home study findings were 
negative or equivocal for OSA. 

We thank you for your consideration of this important issue. 

Sincerely, 

Jed Black, M.D. 

I..;/~': ~4Il/l .. 
( I ~ 

Christian Guilleminault, M.D. 

Clete Kushida, M. ., Ph. D. 

'-l~.YO~P 



.a.,Q,(,~~r , ;.~ 
Anstella Robinson, M.D. '" 

Mehran Fsrid, M.D. 

~---
Hossein Rszsvi, M.D. 

Wynne Chen, M.D. 
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Comment #38: 

Submitter:  Lawrence Lynn, FCCP 

Organization: 

Date: Sun, May 9, 2004 2:51 AM 

Comment: 


It is important first to recognize that sleep apnea is the only common disease for which 

there are no reimbursable testing which can be done by primary care. Sleep apnea is as
 
common as insulin dependent diabetes and the symptoms of sleep apnea are often subtle 

and quite nonspecific. Like diabetes, the specificity and sensitivity based on history and 

physical alone is poor. Yet, in the USA there is no reimbursable simple test for detecting 

sleep apnea.  Imagine how many patients would now be suffering in the US with 

undetected diabetes or hypertension if we required an expensive overnight stay in a 

laboratory to make the diagnosis of these disorders.  


As presented by others, there is ample evidence that portable testing (for example 

including airflow, chest effort, and oximetry) is sufficient in a large percentage of the 

patients. It can be seen that portable testing is synergistic with the more complex in-lab
 
PSG in much the way that simple office spirometry and complex in-lab pulmonary 

function testing are synergistic.  In-lab PSG will likely always remain necessary for 

difficult titrations or complex patients. There will be plenty of business for the group of 

physicians who are presently financially dependent on in-lab testing. The pervasive fear 

of portable testing, which drives at least a portion of the aggressive "in-lab only" 

lobbying of the CMS, is misguided.   


Portable testing would allow for ready detection preoperatively (important in view of the 

risk for post operative death due to narcotics in patients with undiagnosed OSA) and for 

improved case finding in the primary care setting.  Portable testing would provide more 

affordable and ready access for the thousands of sleepy truck drivers, and for the tens of 

thousands of urban overweight minority patients with undetected OSA and significant 

comorbidities such as hypertension & coronary artery disease.  To assure quality, and
 
value for its money, the CMS should establish rigorous standards for portable testing, 

in-lab polysomnography, and CPAP compliance documentation.  


As I discussed in my previous comment, previous reviews (such as the recent consensus 

statement published in Chest) have now been discredited since they were based on the 

fatally flawed premise that a portable test could be rendered invalidated if it could be 

established that the "AHI count" from the portable test was different than a comparison 

"gold standard in-lab AHI count".  It is now well known that that there is no standard 

in-lab AHI definition therefore of course, there is no standard in-lab AHI count.  

Unfortunately, it is the same small group of vocal elite sleep scientists  promulgating the 

critical need for increased access in the future who continue to lobby, based on the flawed 

argument above, for restricted access in the present.  




 

  

  

  

 

  

 

  

  

In summary, OSA is morbid and, as common as insulin dependent diabetes.  Yet, access 
to the detection of this disease is highly politicized and restricted in the US.  Many well 
meaning "experts" in this field have engaged in an organized effort to support the "in-lab 
PSG only" position by promulgating the position that portable testing has an inadequate 
sensitivity and specificity for an in-lab AHI standard value.  Given the gravity of the 
situation, before the CMS gives such an argument any weight, it is recommended that a 
formal investigation of the science and evidence supporting this AHI sensitivity- 
specificity issue be engaged. 

OSA is too morbid to allow any room for political influence.  For many reasons, the 
environment is too charged for portable testing to get a fair assessment by this  
discipline's elite.  In the interest of the health of the nation --the CMS should engage this 
issue directly with its own group of medical scientists from outside this discipline.    

Comment #39: 
Submitter:  Dave Walsh, RRT RCP 
Organization: DRW&Associates Inc 
Date: Sat, May 8, 2004 8:41 PM 
Comment: 

I find Dr. Davidson's request to be very appropriate and see no compelling reason not to 
initiate a thorough, fair and unbiased review of the criteria for diagnosis of sleep 
disordered breathing.  I have been using four-channel multi-physiologic recording 
technology for over fifteen years now and have found it to be extremely accurate in 
identifying apnea and hypopnea. 

After having worked with well over one thousand tracings, I am confident in the output 
of four channel devices (such as the Edentrace).  However, I caution that this approach to 
diagnosing sleep apnea is specific to a subset of patients who present with high suspicion 
of sleep disordered breathing and low suspicion of other sleep co-morbidities.  And I can 
validate Dr. Davidson's claim that the four-channel testing is but a fraction of the cost of 
complete lab polysomnography. I have conducted market surveys in the northern Illinois 
area and found that while a four-channel study is priced at $300, we have labs charging 
as much as $2800 for testing. 

We cannot as a society afford to test the overwhelming number of patients with sleep 
apnea by sending them all to a sleep lab.  We need to be open minded enough to consider 
using less expensive means to tackling this problem. 

If I may be of service during your consideration of this issue, please let me know.  I have 
been fortunate to have traveled across the country for the past ten years giving lectures 
and offering training to sleep physicians, respiratory therapists and home care specialists 
on the topics of sleep disordered breathing, the scoring and analysis of limited 
multiphysiologic recordings, and the pros and cons of the different levels of diagnostic 
approaches for sleep disordered breathing.  I founded the first hospital based, in-home 



  

  

 

 

 

 

 

 

 

 

unattended sleep apnea testing service at Swedish Covenant Hospital here in Chicago 

back in 1989 and have authored articles and have also been interviewed in several 

different health care industry magazines about this area of testing.  I'm confident I can 

bring something valuable to the table in your future discussions. 


One more thing: if you would, please, may I have a copy of the citations that Dr. 

Davidson mentioned in his letter?  I cannot find them on the CMS website and would like 

to review the references he claims substantiate his position. 


Comment #40: 

Submitter:  David Hudgel, M.D. 

Organization: Hnery Ford Hospital 

Date: Thu, May 6, 2004 3:57 PM 

Comment: 


I have read Dr. Davidson's request for CMS to consider reimbursement for unattended 

diagnostic polysomnograms.  Unfortunately Dr. Davidson does not refer to a recent 

evidenced-based review of this topic.  This review was the product of a comprehensive 

unbiased assessment that was jointly conducted by the American College of Chest 

Physicians, the American Thoracic Society, and the American Academy of Sleep 

Medicine. Rigorous grading of the scientific quality of the published papers available
 
showed that monitoring devices that do not record sleep do not meet acceptable standards 

when used in an unattended setting. Thereby, use of these devices in the home can lead 

to incorrect diagnoses from either false positive or negative studies. 


I encourage those who will review this topic for CMS to consult these manuscripts. 


Chesson AL et al. Practice parameters for the use of portable monitoring devices in the 

investigation of suspected obstructive sleep apnea in adults. Sleep 2003; 26:907-13. 


Flemons WW et al.  Home diagnosis of sleep apnea: A systemic review of the literature.  

Chest 2003;124: 1543-1579. 


I assume CMS is aware of the potential conflict of interest in that Dr. Davidson is a paid 

consultant for one of the CPAP manufacturing companies, who would benefit by an 

expanded marketplace of patients diagnosed inappropriately by potential inaccurate 

unattended sleep evaluations. 


Therefore, based on the evidenced based reviews mentioned above, I do not recommend 

that CMS approve reimbursement for unattended sleep studies. 


Comment #41: 

Submitter:  William Cary, President and CEO 

Organization: WorkAlert, Inc. 

Date: Wed, May 5, 2004  4:00 PM 

Comment: 




 

 

 
 

 

 

 

I am writing in support of Dr. Terance Davidson's request for CMS to modify  
its present National Coverage Determination pertaining to the use of  
multi-channel portal sleep diagnostic devices for the diagnosis of Obstructive Sleep  
Apnea (OSA) and coverage for Continuous Positive Airway Pressure (CPAP) therapy  
prescribed pursuant to a diagnosis using such multi-channel portal sleep  
diagnostic devices. 

I am President of WorkAlert, Inc.  Our company provides sleep apnea  
education, screening, in-home diagnosis, in-home CPAP titration and CPAP compliance  
monitoring to transportation and 24/7 safety sensitive companies.  Based upon a 
review of the literature, interviews with clinicians at Kaiser Hospital in  
Denver and sleep physicians at the Veterans Administration hospital in Dallas, we  
selected the LifeShirt System (VivoMetrics, Inc.) as our in-home,  
multi-channel sleep diagnostic system of choice.  The LifeShirt System monitors  
respiration, flow, thoraco-abdominal coordination, body position, ECG and pulse 
oximetry  
through embedded respiratory inductive plethysmography (RIP) sensors.  Since 
it doesn't require the use of oral-nasal flow canules or thermisters its ease  
of use is unmatched and the high resolution wave forms are equivalent to or  
exceed those derived from in-lab polysomnography.  The LifeShirt System enables 
WorkAlert to diagnose large numbers of employees, in remote locations and  
quickly initiate appropriate CPAP therapy in a cost effective manner.  Traditional 
insurance companies are reimbursing for both the in-home diagnostic procedure  
as well as the in-home CPAP titration procedure. 

Technology has certainly advanced to the point where today, OSA can be  
effectively, safely and affordably diagnosed in the comfort and privacy of a  
person's home.  In WorkAlert's case, the bed may be in a hotel, company owned  
dormitory or the sleeper cab of a truck. 

While I am advocating for CMS to recognize and reimburse for portal  
ambulatory sleep  diagnostic studies, I don't believe that all portal systems have the  
same sensitivity, specificity and ease of use and that criteria should be set  
before a particular sleep diagnostic technology would be approved and  
reimbursed. 

Dr. Davidson also brings up a very valid point that traditional sleep  
physicians are negatively biased against home sleep diagnostic technologies because  
they represent a potential threat to the commercial viability of their centers.  
 I trust CMS recognizes this conflict and will not allow biases of this  
nature to color its objective review of its NCD. 

The facts are that obesity in the U.S. is at pandemic levels, the population  
is aging and OSA will rise porportionately.  The present facility based sleep  
diagnostic industry can not meet the needs of this exploding population.   



 

 

 

 

 

 

 

Dr. Sanders, once again, I want to urge CMS to recognize and reimburse  

multi-channel portable sleep diagnostic procedures and to cover CPAP therapy  

prescribed pursuant to the diagnosis obtained from in-home sleep studies. 


Comment #42: 

Submitter:  Timothy Hiebert, MD 

Organization: 

Date: Thu, May 6, 2004 1:40 AM 

Comment: 


I am a Board Certified in Sleep Medicine, Pulmonary Disease and Critical Care 

Medicine. I am the director of an American Academy of Sleep Medicine accredited sleep 

diagnostic laboratory located in Ocean Springs, MS.  A large proportion of my daily 

practice centers within the six intensive care units of the two hospitals in Jackson County 

Mississippi. We frequently have as many as nine Bipap machines in use at any one time.  

It is from this perspective that I feel qualified to make the following comments: 


1) I have seen a significant number of patients with otherwise normal lungs who do not 

have significant oxygen desaturations but have severe sleep apnea, and would not be 

detected by trending nocturnal oximetry devices. 


2) I have seen a significant number of patients with Obstructive Sleep Apnea who had 

severe (life threatining) and sustained hypoxemia when begun on cpap and bipap,  These 

desaturation episodes frequently last for hours before the patients respiratory control 

center recovers enough to re-establish adequate ventilatory control. These desaturations 

are not detected by either airflow or respiratory effort sensors, and require active and 

immediate intervention by the monitoring technician to bleed in suplemental oxygen.  

This desaturation does not respond to cpap pressure augmentation alone as would 

possibly be done by "autotitrating" cpap macnines although a period of bipap with a 

timed backup rate will support the patients through this period of respiratory control 

center instability. The patient population at greatest risk of this phenomenon are those 

with hypercapnic respiratory insufficiency and obstructive sleep apnea.  


3) The American Academy of Sleep Medicine has published a position paper regarding 

the use of unattended home sleep studies. The AASM web address is : 

aasmnet.org/practiceparameters.asp.  Please review these recommendations as I agree 

with them. 


4)Patient compliance with CPAP is strongly influenced by the patient's very first 

exposure to the equipment. If the patient has a bad experience with CPAP it is extremely 

difficult to reverse. They are very resistant to further attempts at CPAP therapy. I 

frequently perform empiric CPAP titration on hositalized patients who are otherwise too 

ill to go to an outpatient monitered sleep laboratory. Even with hours of physician time 

investment in each case, in my experience, patient compliance is much higher if they 

have their first experience in a controlled monitered environment in a sleep laboratory. 




 

 

 

 

 

 

 

 

 

 

There is an advantage to having trained sleep technicians that can respond immediately to 
pressure, pain, intolerance, claustrophobic, and preference issues with each patient to the 
patient's satisfaction. Mask or CPAP interface leaking needs to be responded to 
immediately to provide adequate and safe CPAP administration. 

5) Unattended home monitering encourages the untrained and perhaps unscrupulous 
physician/health care provider to make some quick, easy and if ordered enough - big 
money. Sloppy work is already being done and this will encourage more. 

In summary, I could expound all day on the evils of unattended home sleep studies, but 
will leave this for another day. I would leave you with one suggestion,  Medicare and 
Medicaid sleep studies should only be done in Accredited Sleep Labs or Sleep Centers 
under the direction of the AASM and sleep professionals. 

Comment #43: 
Submitter:  Thomas Wiedel 
Organization: COO, Pacific Sleep Medicine 
Date: Thu, May 6, 2004 3:06 AM 
Comment: 

Regarding Dr. T. Davidson's letter asking CMS to approve home sleep studies: 
1. He is incorrect in stating that all parallel reviews of polysomnograms vs.  
multiple channel screening devices typically used in home studies show a near  
perfect corelation. 

2. He is incorrect in quoting the tremendous disparity of costs. 

3. He misses the point that no matter what diagnostic device is used, the  
true result of the study, assuming the patient has obstructive sleep apnea, must  
be the proper titration of positive pressure (CPAP) levels to provide clinical  
benefit. 

4. Overnight sleep studies in the home compromise the study due to an  
uncontrolled environment.  

5. Home studies are typically unattended by a technologist, the sole contact  
who stands the best chance of properly fitting and titrating CPAP, and  
convincing the patient to actually use the device.  

6. The relative cost of properly diagnosing and treating sleep disorders is  
very small in comparison the benefits accrued the patient and healthcare  
system, as when properly done, a healthier patient is the outcome, the result being  
a significant reduction in the use of the healthcare system.  

Done correctly, sleep disorder testing and treatment saves money and qualtiy  
of life. It should not be compromised by introducing unattended, uncontrolled  



 

 

 

 

 

 

 

 

 

home studies. 


Comment #44: 

Submitter:  Lawrence Lynn, DO, FCCP 

Organization: 

Date: Wed, Apr 28, 2004 10:56 PM 

Comment: 


Thank you for opportunity to speak on the subject of sleep apnea testing,  This issue is 

very important for the health of Americans.  This issue particularly impacts the poor and 

the underserved, such urban minorities and rural patients.  I will admit that I do not know 

the answer to the question as to whether or not the health of America will be improved by 

providing for home sleep apnea testing.  I write this letter to assure that these issues are
 
considered with complete scientific disclosure.    


Throughout history we have learned that complex legal systems specifically developed to 

determine truth can be manipulated to define a false truth.  It is not surprising that in the 

21st century men and women will find unique ways to apply complex scientific analysis 

to define scientific truth in the manner which most suits them.  A excellent analytic tool 

for finding real scientific truth is the Bland & Altman Plot.  This widely accepted tool is 

very useful to compare the outputs of two devices.  However, is it possible for very smart 

scientists to apply this tool in a way that assures that one device, no matter how good, 

will never be considered acceptable?  The answer is, of course, yes. 


Consider a situation, as is the case with in-lab polysomnography,  wherein a "gold 

standard device" has an accepted output which varies 10 fold  

depending on the definitions chosen to render the output (ref. 1-4).  Then consider that, 

despite these known variances, all of these outputs are considered standards and any 

in-lab can chose to render any one of these outputs as their own standard, provided they 

do so in an "in-lab" setting. Perhaps to give the perception of measurement unity 

between these very different outputs, the scientist agree to call all of these outputs by one 

unifying name  ("the AHI"). To further embellish these different outputs "The AHI" are 

all called "the gold standard output" rendered by "the gold standard test" (in-lab 

polysomnography).  


Now suppose a scientist wanted to invalidate (or validate) a portable device in 

comparison with in-lab polysomongraphy.  This scientist can choose from a wide range 

of accepted definitions to derive "the gold standard"  in-lab AHI and the portable device 

must now match this output using a Bland & Altman Plot.  If the portable device does 

not, it is considered invalidated. Since the scientist is free to choose in advance from a 

range of accepted definitions for "the gold standard" and the portable device will then
 
have to match any one of them depending on the scientists choice, the portable device, no 

matter how perfect, has a very low chance of being validated.  Indeed, if by chance the 

portable test matches one gold standard AHI it can be quickly invalidated against another 

gold standard AHI using the same in-lab PSG data set.  Of course this also means that 

one in-lab "gold standard" has a poor sensitivity and specificity (and could be 




 

 
 

 

 
 

 

 

 

 

   

 

invalidated) when compared against another in-lab "gold standard".  However a Bland & 

Altman Plot between the AHIs derived of different in-labs or different AHI definitions 

form the same in-lab are never made (after all they are all "gold standards").    


Indeed, this invalidation method is so perfect that it need not be deployed as a function of 

volition. The probability of a match between any specific a-priori selected in-lab AHI 

definition and the output of the candidate test is very low. This means that a well 

meaning researcher could seek to honestly compare "The AHI" which is used in his or 

her own sleep lab to the output of a portable test using Bland &Altman and never realize 

that they have pigeonholed the portable testing device in a manner which is almost 

certain to invalidate the device.    


All this is so subtle. Of course it is hard to believe, these are all very smart scientist and
 
many, perhaps most, are quite honest.  Yet, patients are dying (6)  and we need to be sure 

we are using good science to assess our testing options.  Do the scientist writing 

consensus documents requiring that all portable tests be matched using Bland & Altman 

"the AHI" derived form in-lab PSG realize they have crafted the perfect invalidation 

method?  We do not know, but we prefer to think that they are so smart and so much 

believe in their own brand of in-lab based science that they have fooled themselves.  I 

respectfully request that those who argue that a given portable testing is invalid because 

of a limited sensitivity or specificity for a given preselected AHI, identify which AHI 

definition and number which defines the true gold standard for the diagnosis of this 

disorder. 


Again I do not know what is best for the health of Americans but I believe it is critical 

that the decision be made with a complete understanding of the profound limitations of 

the embellished "science" commonly cited to discredit portable testing.    


Addendum  --Don't be fooled by those who say they apply "the" censuses definition for 

"the AHI". There is no such thing. Only a consensus range of definitions and this range 

varies depending on which consensus group is cited. 


References: 

1.Moser NJ, Phillips BA, Berry DT, Harbison L. 
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assessment. 
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6" Sleep Apnea and Narcotic Postoperative Pain Medication: A Morbidity and Mortality 

Risk" 


Comment #45: 

Submitter:  Kelvin Loh, MD 

Organization: 

Date: Thu, Apr 29, 2004 1:19 AM 

Comment: 


I concurre with Dr. Davidson. We need home lab. 


Comment #46: 

Submitter:  Gwynne Aidala, CRT, RSPGT 

Organization: TJ Sampson Community Hospital 

Date: Thu, Apr 29, 2004 10:37 AM 

Comment: 


While I am not a researcher or physician who may offer "scientific input" 

realting to Home PSGs, I am a therapist who has had the opportunity to work 

in the DME field and 

at accredited sleep disorders centers. 


PSGs in the home have been deemed a more cost effective method by interested 

parties (DME providers and Home PSG equipment manufacturers).  It is no 

suprise that their interest in this matter is financial.  I agree Home PSGs 

may be cheaper, but at what expense. 


As a person who has been both a PSG technician and a manager of PSG 

technicians, I can account for the unexpected happenings during an overnight 

PSG. Even in a controled sleep center environment, artifact may appear from
 
sweat or loose leads. This artifact if left unattended can render a study 

useless. A patient at home may feel tied to the bed and unable to get up to 

go to the restroom, causing them to lie awake uncomfortable because of their 

inability to move. The vigilance of a night technician is required to 

prevent such occurrences. 




 

 

 

 

 

 

 

 

 

 

 
 

 

Home environments are not designed for performing clinical testing.  A 

spouses movements and even snoring may be detected by the monitoring devices 

causing a flawed or even false positive study. Even a household pet could 

interfere with the findings.  There are reasons medical procedures are 

performed in controled environments. 


Nationwide, states are dealing with how to regulate individuals who are 

performing PSG studies in laboratory settings.  Licensure laws are 

addressing the qualifications of individuals who can and can not perform
 
such tasks. The addition of pop-up Home DME sleep studies is only going to 

impair the states' ability to make their determinations. 


Sleep Centers are more than just testing facilities, they provide support to 

both the patient and their families.  Sleep Centers provide patient 

education before, during and after the PSG is performed.  Sleep Centers also 

participate in community awareness.
 
Education, Support, and Community Awareness are key to early intervention 

and therefore less healthcare utilization in the long run. 


When you consider the "big picture", Sleep Studies in the home don't equal 

quality patient care. 


Comment #47: 

Submitter:  Laura Clapper, MD, MPPA 

Organization: Health Net 

Date: Thu, Apr 29, 2004 12:13 PM 

Comment: 


I would like to write in support of Dr. Davidson's letter to support home 

CPAP diagnostic testing for Medicare reimbursement. Based on the research 

noted, Health Net reimburses for home testing in our commercial population. 

Not only is home testing as effective but allows the patient to be in their
 
own home and have less exposure to nosocomial infections. 


I am writing on my own behalf  and not on behalf of Health Net. 


Comment #48: 

Submitter:  Anthony Magit, M.D., F.A.A.P. 

Organization: 

Date: Thu, Apr 29, 2004 10:22 AM 


I support the proposed addition of home sleep studies as an approved method 

of determining the presence of obstructive sleep apnea. 


Comment #49: 

Submitter:  Ashwin Gowda, MD 




 
 

  

  

  

  

 
  

Organization: The Sleep Disorders Center of Central Texas 
Date: Thu, Apr 29, 2004 2:22 PM 
Comment: 

I am writing to you in reference to the letter (CAG-00093R) submitted to 
CMS by Terence Davidson, MD. I believe as do many of my colleagues that 
there are inaccuracies in Dr. Davidson's letter.  Polsomnography (PSG) 
is the gold standard in diagnosis and treatment initiation of CPAP.   

SDB is grossly under diagnosed in the community; however that does not 
imply that you should lower the standard of care.  As the awareness of 
the disorder has grown, and its implications on quality of life, 
cardiovascular and cerebrovascular disease; laboratories have seen a 
back log of patients. In our center we attempted the monitored use of a 
home study device in efforts to diagnose and treat patients quicker. 
During this 8 week period, there were numerous cases of individuals with 
mild to moderate sleep disordered breathing who were not given a 
diagnosis. Since the clinically history was consistent with sleep apnea 
a polysomnogram was completed verifying the diagnosis.   

In situations where disordered breathing is severe; overnight oximetry 
or a home based study is likely sufficient. However in mild to moderate 
cases, these tests are insufficient. These patients will then remain 
symptomatic and not pursue further investigation since they were told 
that do not have sleep apnea. Detection of mild disordered breathing, 
including upper airway resistance and respiratory effort related 
arousals cannot be done via a home study or overnight oximetry.  

In house PSG does have two drawbacks; it involves the patient sleeping 
away from home and the other is cost. The use of a PSG is superior to 
home sleep testing.  Split night studies are effective in diagnosis and 
treatment with appropriately educated and trained sleep technicians. 
With CPAP initiation it has been clearly shown that the first impression 
a patient has with CPAP goes a long way in determining compliance.  Also 
determining appropriate CPAP pressures at home with an auto-PAP device 
is extremely difficulty without adequate education and training for the 
patient.. Repeat studies with home studies are not uncommon and more 
importantly leads to inaccurate diagnosis or no diagnosis.  

There are sleep laboratories in the community where polysomnography is 
conducted by non-medical staff (independent labs not accredited by the 
American Academy of Sleep Medicine). and interpreted by physicians. The 
quality of work there is already sub-standard. Home studies are more so. 

There is no doubt that sleep related breathing disorders are grossly 



  

 

 
 

 

 

 

under diagnosed in the community, including Medicare and Medicaid 
recipients. Missed diagnosis and poor care will only lead to a lower 
standard of care and inevitably lead to higher health care costs. 
However appropriate diagnosis, care and education is where the community 
will benefit the most.  The American Academy of Sleep Medicine is 
striving to make this a reality.  

 Comment #50: 
Submitter: Barry Alexander 
Organization:  Nelson Mullins Riley & Scarborough, L.L.P. 
Date: Fri, Apr 30, 2004 9:15 AM 
Comment: 

I am working with a sleep testing company that would very much like to see a 
change in NCD relevant to home testing and have been advised that this issue 
is now under consideration by CMS. Our client is putting together a letter, 
but, I am wondering if you have a few minutes to chat about what types of 
issues we should address in our comments.  Or, put another way, what are the 
major concerns of CMS with regard to the use of this new technology as it 
relates to sleep testing and, ultimately, CPAP medical device ordering.   

Feel free to respond by e-mail if you feel more comfortable, or call me 
directly at the number below.  Look forward to hearing from you. 

Comment #51: 
Submitter:  Shahrokh Javaheri, MD 
Organization: University of Cincinnati College of Medicine 
Date: Mon, May 3, 2004 4:39 PM 
Comment: 

Home sleep studies should only be considered if there is a high 
probability of OSA as determined by a board certified sleep specialist 
in a face to face consultation with the patient.  Criteria for 
identifying high probability of OSA includes obesity, habitual snoring, 
witnessed apnea, excessive daytime sleepiness, and waking up tired and 
unrested. Home sleep testing should be performed only by an accredited 
sleep facility and should not be considered for diagnosis of any other 
types of sleep disorders or if there are significant co-morbid disorders 
such as Congestive Heart Failure. If a facility does not have a board 
certified sleep specialist with extensive medical knowledge of 
cardio-respiratory disorders they should not be allowed to order in-home 
testing. In-home testing must be interpreted by a board certified sleep 
specialist and also reviewed with the patient in follow-up consultation 
with the board certified sleep specialist to discuss treatment options. 

Any sleep facility must be accredited by the AASM and under the medical 



 

 

 

 

 

 
 

guidance of a board certified sleep specialist physician. If the result 

of a home sleep study is negative or inconclusive but the patient is 

symptomatic, the patient must be tested by full night PSG in an 

accredited full service sleep disorders center.  Only a board certified 

sleep specialist should be allowed to make a determination that a study 

is not falsely negative because some studies may include significant 

artifact that only a board certified sleep specialty physician can 

recognize. 


Patients with suspected Central Sleep Apnea (predominant in CHF), 

Periodic Limb Movement, or Narcolepsy should only be tested in an 

accredited full service facility. 


Comment #52: 

Submitter: Lee Giddings, M.D. 

Organization: Clinical Resource Management 

Date: Tue, May 4, 2004 11:32 AM 

Comment: 


I am writing in support of Dr. Terry Davidson's proposal to consider  

allowing multichannel home sleep testing as an alternative to in-house  

polysomnography in the diagnosis of sleep disordered breathing. As Medical  

Director for Clinical Resource Management at UCSD, I believe this would  

represent a significant improvement in the utilization of healthcare  

resources. Of course, the first consideration is always the quality of  

patient care management. Dr. Davidson has certainly provided ample evidence  

of the clinical benefit for the patient. I believe the cost-efficiencies of  

home sleep testing coupled with the clinical appropriateness is a win-win  

situation for all. Thank you for your consideration. 


Comment #53: 

Submitter: George T. Simpson,  M.D., M.P.H., FACS 

Organization: VAWNYHS Medical Center 

Date: Mon, May 3, 2004 3:45 PM 

Comment: 


I wish to write in support of reimbursement for home based sleep studies in 

diagnosing and evaluating Obstructive sleep apnea.  


Considerable clinical experience has been accumulating in recent years to
 
support the applicability and cost effectiveness of such studies. Given 

rising medical and medicare costs, cost effectiveness is gaining an ever 

increasing weight. Home studies should be far less expensive than Sleep 

Laboratory based studies. Most home studies can provide accurate effective 

data for interpretation and diagnosis without excessive costs for technician 

time. 




 

 

 

 

  

 

 

 

Comment #54: 

Submitter:  Stuart J. Menn 

Organization: 

Date: Tue, May 4, 2004 8:13 PM 

Comment: 


It has come to my attention that a proposal is being considered to use  

portable equipment at home as a method to diagnose obstructive sleep apnea. As a  

sleep medicine professional (boarded in sleep medicine) who has evaluated well  

over 10,000 patients with OSA, I strongly recommend that you do NOT ACCEPT   

home-based portable studies as the standard of care in diagnosis. Many physicians  

still do NOT appreciate that sleep apnea is heavily influenced by both sleep  

state and position. One of the best ways of achieving a negative sleep study is  

to record a night 

in which the patient did not enter into REM sleep or have very little actual  

sleep. I have seen many patients studied at home and told that they had minor  

sleep apnea, only to be seen by me, 1-2 years later with severe sleep apnea,   

when properly recorded with a full polysomnogram. 


In many cases, things are not clear cut and the observations of a trained  

technologist is critical in deciding the causes of low O2 saturations or the  

difference between central and obstructive sleep apnea. A home study loses these  

valuable clinical observations that are currently present in the standard  

NPSG. 


The sleep medicine field has spent 25 years trying to bring standards to the  

field of sleep scoring and diagnosis. Allowing portable home studies will open  

the gates to many, many kinds of devices (some of which may be good and some
 
very bad) that are not standardized by any professional medical group. The  

manufacturers will be setting the standards for these patients (a dangerous  

idea). 


Many of these measuring devices function as "black boxes" without any  

physician understanding of the assumptions made in projecting an event like an apnea. 


Finally, as recently as 2003, the three leading medical societies in the  

sleep field (Amedican Academy of Sleep Medicine, American Thoracic Society,  

American College of Chest Physicians) reviewed the literature and came out with a  

position paper NOT SUPPORTING the use of portable home testing as the  

acceptable standard of care.    


Comment #55: 

Submitter: Hrair Koutnouyan, M.D. 

Organization: ENT Associates 

Date: Tue, May 4, 2004 10:12 PM 




 
 

 
 

 
 
 
 

I support Dr. Davidson's recommendation.  I have been using multi 
channel home studies for more than two years.  I find them accurate and 
reliable to diagnose obstructive sleep apnea.  The patients appreciate 
having the test in the comfort of their own beds. 



 

 

  

 

 

 

 
 

Comment #56: 

Submitter:  Ronald D. Chervin, M.D., M.S. 

Organization: Michael S. Aldrich Sleep Disorders Laboratory 

Date: Tue, May 4, 2004 9:10 PM 

Comment: 


Issue The Centers for Medicare & Medicaid Services is reviewing its 

national coverage decision regarding the diagnosis of patients with OSA 

requiring CPAP therapy.  Current national coverage guidelines specify 

that only a polysomnography done in a facility-based sleep study 

laboratory be used to identify patients with OSA requiring CPAP (CIM 

60-17). CMS has received a Request from Dr Terence M. Davidson, MD, of 

the University of California San Diego, School of Medicine to modify 

this decision to include the use of portable multi-channel home sleep 

testing devices as an alternative to facility-based polysomnography in 

the evaluation of OSA. 


The request was generated by a physician who is not a sleep specialist, 

and contains much misleading information.  For example, home studies are 

typically called "cardiorespiratory" studies, not sleep studies, because 

they do not record sleep. Validation studies to which Dr. Davidson 

refers have been reviewed by the American Academy of Sleep Medicine and 

still found insufficient to warrant use of home studies except under 

limited circumstances.  We published (around 1998) one of the few 

cost-effectiveness models of how to diagnose obstructive sleep apnea.  

We found that full laboratory polysomnography, rather than a home study 

system with the highest reported sensitivity and specificity, was most 

cost-effective, even after sensitivity analyses that used minimal costs 

for a home study (as low as $50). 


Coverage for home studies in a very limited set of circumstances would 

be welcome.  However, coverage at the discretion of any physician who 

orders it - sleep specialist or not - would likely harm more patients 

than it would help. We know, here in Michigan, because in the past some 

third party payers did cover home studies.  Fly-by-night companies came
 
into the state to set up home study shops that offered lucrative home
 
testing without any physician evaluation or follow-up.  The results 

disuaded us (those on the board of the Michigan Sleep Disorders 

Association) from readdressing possible coverage with Blue Cross/Blue 

Shield of Michigan when an opportunity to do so came up. 
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Comment #57: 

Submitter: Julie A Yaeger,RRT 

Organization: Sleep Services of Jasper, LLC 

Date: Wed, May 5, 2004  5:49 PM 

Comment: 


I am writing you in response to the appeal made by  

Dr. Terrance M. Davidson regarding in-home sleep testing.  Before reading his letter,I was apposed to 

such testing, as it is inferior to in lab testing.  I do,however, feel that Dr.Davidson made a few good 

points, mainly the lack of facilities to to treat the large volume of patients with SDB.  I Think that SDB 

awareness and testing has grown so fast that many mistakes have been made.  Sleep testing has become a 

money maker for many business men.  Very cheesey labs exist with unqualified physicians overseeing 

testing. Most states currently have no state regulations over sleep labs.  Alls that is required is a business 

licence.  I am happy to see medicare and some other insurance carriers are mandating accreditation by 

the AASM. I fear that in-home testing is just going to become another opportunity for business men and 

othe non-qualified persons to profit from.  I feel that if medicare is going to consider the proposal for 

in-home sleep testing, it should be mandated tat it is 

 overseen by an accredited sleep lab or center.  Hopefully history will not repeat itself. 


Comment #58: 

Submitter: David A. Lewis, M.D. 

Organization: Pulmonary, Critical Care & Sleep Medicine 

                        Group Health Permanente 
Date: Thu, May 6, 2004 8:14 PM 
Comment: 

I am writing to give my full support for the request by Timothy 
Davidson, MD to modify the current national guidelines for CPAP coverage 
to include the use of portable multi-channel home sleep testing devices 
as an alternative to facility-based polysomnography in the evaluation of 
OSA. I am the Service Line Chief for Group Health Permanente Pulmonary, 
Critical Care, & Sleep Medicine based in Washington State and previously 
directed the Sleep Laboratory at Harbor-UCLA Medical Center (1993-99). I 
am a Diplomate of the American Board of Sleep Medicine in addition to 
the American Board of Internal Medicine (Internal Medicine, Pulmonary 
Diseases, and Critical Care Medicine.) I do not have financial ties to 
any companies making equipment used for portable testing or for the 
treatment of sleep-related breathing disorders, nor any financial gain 
to be had by the use of either portable sleep monitors or facility-based 
polysomnography. 
I have been involved in portable testing for the diagnosis of 
obstructive sleep apnea syndrome since my early fellowship training at 
Harbor-UCLA. As director of the Harbor-UCLA Sleep Laboratory, I 
continued to use portable testing to help keep up with the demand for 
sleep testing for this important disease in excess of the capacity of my 
polysomnography laboratory. As co-director of the Group Health 
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Cooperative Sleep Laboratory since 1999, I continue to find portable 

testing to be acceptable for the diagnosis of obstructive sleep apnea 

syndrome in the majority of patients we see.  There are subtle 

presentations of sleep-disordered breathing that may be missed by 

portable testing, though false positive studies in patients suspected to 

have sleep apnea are very rare. We prefer to utilize our comprehensive 

polysomnography laboratory to ensure that negative home tests are, 

indeed, negative in patients with suspected sleep apnea; for the 

diagnosis of non-apnea sleep disorders (that do require EEG/EMG 

information); and for the titration of CPAP and BiPAP in patients 

diagnosed with OSA who do not find clinical improvement with home- or 

auto-titration of CPAP. 

The Group Health sleep program based on portable testing has been 

operative since 1994 and has been highly successful in improving access 

to testing for patients with suspected sleep-disordered breathing. 

Patients are often seen for initial consultation and started on CPAP 

within one week (and sometimes within 24 hours), greatly reducing the 

wait time for treatment initiation compared to national and local 

averages using facility-based polysomnography testing. Our sleep 

medicine providers and patients are both very happy with the improved 

access. Unfortunately, our Medicare and Medicaid patients are required 

to wait for 1-2 months for a facility-based polysomnography study (a 

much more expensive and much less convenient test) before they can start 

therapy. As a healthcare professional, I am greatly concerned that this 

delay in diagnosis and treatment increases the risks of serious 

complications of this very common disease (traffic accidents, declining 

work performance, development of hypertension, exacerbation of heart 

failure, etc.) 

I strongly support the use of portable monitors to greatly improve 

access to testing for the diagnosis of obstructive sleep apnea syndrome 

and sincerely hope that CMS will modify their requirements for CPAP 

coverage to include portable testing as an alternative to facility based 

PSG. Obstructive sleep apnea is a very common and potentially deadly 

disease that needs early treatment initiation to reduce complications 

and improve patient quality of life. 


Comment #59: 

Submitter:  Richard L. Goode, M.D. 

Organization: Stanford University School of Medicine 

Date: Thu, May 6, 2004 7:50 PM 

Comment: 


I am an academic otolaryngologist at Stanford with a significant portion of 

my practice in the field of sleep disordered breathing.  I strongly feel 

that Medicare and Medicaid should reimburse for multi-channel home sleep 

studies. There are several reasons for this.  First, there is a great deal
 
of data to support that these studies, when properly done with several of 
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the portable devices now available, correlate well with monitored in 
hospital studies. The absence of an EEG channel is not a reason to deny 
reimbursement. Second, a large number of patients do not need all the 
information that the monitored study provides--some do.  In these cases a 
second study may be required but more often these patients can be screened 
out. A 325 pound male with heart disease and suspected sleep apnea needs a 
monitored study. Third, cost. The home tests are much cheaper. Fourth, 
delay. It takes weeks at Stanford to obtain an overnight monitored study. 
While they will do home studies, they know that they will not be reimbursed 
in Medicare/Medicaid patients for so they will schedule the in house study. 
Fifth, interpretation. Modern units provide computer generated, accurate 
data that can be classified by a variety of proven algorithms so that the 
severity of the OSA can be measured. Sixth, access.  Independent of cost, 
the inconvenience of such a study turns off many patients.  It is well known 
that there is a large number of undiagnosed OSA patients and the use of 
convenient testing would make it much easier to obtain patient compliance. 
Seventh, repeat testing. Some home units allow for testing on more than one 
night.This is helpful r.e. verifying borderline cases, role of drugs, 
alcohol, etc. as well as evaluation of dental devices, nasal opening 
devices, etc. 

I am concerned that those physicians with a vested interest in overnight 
sleep studies have been able to convince Medicare/Medicaid that there is no 
role for home multi-channel sleep studies.  The baby was thrown out with the 
bathwater. We need both and both should be reimbursed; the home studies 
should be reimbursed at a lower rate than the hospital studies, of course. 
It is time to correct this inequity and I do not feel there is evidence that 
standards will decrease or that the use of testing will be abused.  It will 
obviously increase the amount of tests, as it should since the incidence is 
high and those with undiagnosed disease are at risk for major complications. 

Comment #60: 
Submitter:  Edward M. Weaver, MD, MPH 
Organization: University of Washington 
Date: Fri, May 7, 2004 5:01 PM 
Comment: 

I strongly support Dr. Davidson�s request for CMS coverage for portable 
multi-channel home sleep testing devices as an alternative to facility-based 
polysomnography in the evaluation of obstructive sleep apnea. 

Home sleep testing offers several advantages: 
1. It tests in the patients� natural sleep environment. This important factor if 
often overlooked but should not be underestimated. 
2. It is less cumbersome to patients.  Fewer testing leads translate into less 
distraction in bed and more natural sleep. 
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3. Improved access to diagnosis and treatment, which ultimately reduces medical  
costs. 
4. Less cost per patient. 
5. It is adequate in 80-90% of patients who are thought to have sleep apnea. 

Sleep physicians have demonstrated the cost-effectiveness of home sleep testing  
at Group Health Cooperative in western Washington [1].  Group Health Cooperative  
is a large health maintenance organization that realized in the mid 1990�s that 
it was not adequately managing sleep apnea in its >500,000 members.  They 
realized that they could not succeed by simply trying to expand the in-facility  
polysomnography laboratory, because the number of tests required and the cost of  
the tests were both increasing exponentially. 

Instead, they used a home sleep testing program (just like the proposal for  
which Dr. Davidson requests coverage) to increase access and reduce costs.  They 
developed a program using a multi-channel home sleep test (cardiopulmonary test 
without electroencephalogram, electrooculography, electromyography, etc.), and  
they measured outcomes and costs. 

After two years, they had impressive results.  They completed 698 portable  
tests. Only 8% required repeat testing due to lack of diagnosis or a technical  
problem. Standard facility-based polysomnography was needed in just 11% of all  
patients. Overall testing rates increased 129%.  The average cost per case of  
suspected sleep apnea decreased by 36%.  The per-member, per-month health plan  
cost decreased by 13.5%. No deaths, hospitalizations, or Emergency Department  
visits occurred while undergoing portable testing or home CPAP titration. 

A great proportion of sleep apnea patients remain undiagnosed, which translates  
into worse health outcomes and increased costs.  Analysis of 147,000 Veterans 
Affairs patients with a diagnosis of sleep apnea revealed a 27% increased  
mortality risk for untreated compared to treated patients, after adjusting for  
age, race, gender, comorbidity, and year of diagnosis [2].  Sleep physicians at 
Group Health Cooperative showed that undiagnosed sleep apnea is associated with  
healthcare costs significantly higher (almost double) than age/gender-matched  
controls from the same population [3]. 

I anticipate that you will receive significant vociferous opposition to Dr.  
Davidson�s proposal, especially among many sleep physicians that benefit  
financially from facility-based polysomnography. I ask you to consider their  
major, inherent conflict of interest and weigh their comments accordingly.  I 
recognize that this conflict of interest exists even in some very prominent,  
highly respected sleep physicians. 

As a final note, I wish to convey my background to provide a context for my  
support of Dr. Davidson�s proposal. I am a clinical epidemiologist studying  
sleep apnea.  I am also an Otolaryngologist�Head & Neck Surgeon who specializes 
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in sleep apnea care as the Surgical Program Director of the Sleep Disorders  
Center at the University of Washington.  I participate on several national  
committees: Chair of the Sleep Disorders Committee and Chair-elect of the  
Outcomes Research Subcommittee of the American Academy of Otolaryngology�Head & 
Neck Surgery; member of the Research Committee of the American Academy of Sleep  
Medicine; and member-elect of the Research Committee of the Sleep Research  
Society. My own sleep apnea research is funded by NIH and by the American  
Geriatrics Society. 

References: 
1. Lewis DA. Home monitors for the diagnosis of sleep apnea:  The Puget Sound 
experience, American College of Chest Physicians: Chest 2000, Chicago, 2000. 
2. Weaver EM, Maynard C, Yueh B. Mortality of veterans with sleep apnea:  
Untreated versus treated. Sleep 2004:(abstract)(in press). 
3. Kapur V, Blough DK, Sandblom RE, et al. The medical cost of undiagnosed sleep  
apnea. Sleep 1999; 22:749-55. 

Comment #61: 

Submitter:  Dominic A. Munafo, M.D. 

Organization: Sleep Data, Inc. 

Date: Tue, May 4, 2004 4:34 PM 

Comment: 


I am writing to express my strong support for Dr. Davidson's proposal that CMS cover type 3 monitors 

for the diagnosis of obstructive sleep apnea syndrome. 


During the last seventeen years I have had an opportunity to see the practice of sleep medicine from a 

number of perspectives.  Among these were sleep research associate, pulmonary fellow, university 

faculty, private practice, and medical director of a sleep diagnostic company.   


While working as Pulmonary & Critical Care faculty at the University of California, San Diego, in the 

early 1990's I oversaw the care of many patients with severe sleep apnea.  Unfortunately, we had little to 

offer them.  There were no clinical sleep labs at either the University Hospital or the VA Medical Center 

then or now for that matter.  Typically, we would have to use a piece of loaned diagnostic equipment 

from a manufacturer's representative, to do an ambulatory study.  Once a diagnosis was made, we had no 

ability to manually titrate CPAP pressures in a lab.  The result at the VA was that patients were sent 

home with a CPAP device, a pressure manometer, and a screwdriver!  They were begun on an empiric 

amount of CPAP and instructed on the technique of adjusting the pressure based on symptoms, snoring 

and their bed partner's reports.  Out of this necessity sprang the essentials of the program that is currently 

in place at both the University Hospital and the VA. The results have been remarkable.  Instead of 

thousands of patients waiting months for a referral to a sleep lab, patients were efficiently diagnosed and 

begun on therapy. Fortunately, we now have access to ample numbers of portable recorders and CPAP 

devices. However, the principle remains unchanged. We found that patients were well served and that 

only a small fraction required referral to a sleep lab.  Now we can use auto-titrating CPAP devices as 

well as symptom-based adjustments of CPAP pressures.  In addition, with portable recorders we have the 

luxury of doing follow-up studies on the patients with severe disease so as to be assured that they are 

being adequately treated.  Surely, this is a more appropriate use of precious clinical resources.  
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Amazingly, the University is just now committing the resources for a TWO bed clinical laboratory that 
may open this year.  This is drop in the bucket if we are to insist that all patients undergo full 
polysomnography (PSG).   

Fortunately, the medical literature is increasingly supportive of the ambulatory model.  The article last 
year by Fitzpatrick et al., (1) confirmed results previously published by Coppola (2).  Patients can be 
educated to assist in the titration of their own CPAP pressures.  Once again, monies previously being 
spent on full PSG can be much better spent on the education and follow-up of patients with sleep apnea.  
Time and time again it has been shown that without aggressive education and follow-up, patient 
compliance with CPAP is poor.  Why spend all of the resources on the diagnosis and leave nothing for 
the all-important aspects of therapy and patient education? 

I would like to comment briefly on some of the literature that is often cited to criticize portable testing. 
The fundamental point often made is that portable testing fails to render an apnea-hypopnea index (AHI) 
equivalent to "the gold standard AHI" derived from PSG. Unfortunately, what is barely mentioned is that 
"the gold standard AHI" is not a single standard but actually varies considerably from lab to lab. 
Laboratory derived AHIs are, in fact, derived of many different combinations of methods and definitions 
(3,4,5). The literature clearly shows that an AHI determined in one sleep laboratory may have little if 
anything in common with an AHI determined in another laboratory using an alternate definition for 
hypopnea and/or a different method for detecting respiratory events. In fact, ranges between AHIs of at 
least ten-fold have been reported (4,5). If one cannot standardize the "gold standard" how can you 
possibly compare another technology to it and arrive at a scientific conclusion? 

I fully realize that continuing work needs to be done to determine how best to implement portable 
diagnostic techniques in various patient populations and in different healthcare delivery systems.  
However, those of us with considerable experience have seen that far more good comes from improved 
access to care than from the ridiculous pursuit of an illusory diagnostic certitude. 

I would also respectfully submit that no analysis of a diagnostic paradigm is complete without a careful 
consideration of the context in which it is placed.  What of the cost in morbidity and mortality for the 
millions of patients who will remain undiagnosed and untreated in the absence of a more aggressive and 
integrated approach to sleep apnea?  Young's seminal article demonstrated that over 80% of the patients 
with sleep apnea remain undiagnosed (6). Every day, hundreds of patients with undiagnosed severe sleep 
apnea have major surgery. Many will receive respiratory depressants and be placed at considerable risk 
(7). Countless Americans are on our roads with severe daytime sleepiness due to undiagnosed sleep 
apnea. There is not a single piece of evidence to support the contention that limiting sleep apnea testing 
to sleep laboratories ultimately benefits patients or the public health.  In fact, I feel quite strongly that the 
public health is being harmed enormously by the limitation of care that results from the current 
guidelines. 

From a strictly financial perspective, the increased access to heath care will no doubt increase the amount 
paid out for diagnosis and therapy. However, several analyses suggest that it is less expensive to treat 
sleep apnea than to manage all of its myriad complications (8). Large payers such as Blue Cross/Blue 
Shield, Cigna, CCN and HealthNet cover portable testing.  Of course, from an ethical standpoint, 
financial factors should not be the primary driving force behind public policy anyway. 
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In the California health care system it is quite common to rely on portable diagnostics.  Sleep Data, Inc. 
presently services major health care systems including Sharp Healthcare, Mercy Healthcare, Scripps 
Healthcare and elements of the Veteran's Affairs system.  In addition, Kaiser Permanente, the University 
of California San Diego, and the San Diego Veteran's Affairs Medical Center all rely predominantly on 
portable studies, as does the Group Health System in Washington State.  This says nothing of the fact 
that many other countries of the world rely in part or totally on portable diagnostic paradigms.  

In summary, there can be little doubt that some form of portable testing will be the ultimate end point.  
The only issues are when and which techniques will prove best.  The recent article by Flemons points out 
the fact that even with herculean efforts to increase the number of sleep labs and formal sleep physicians 
we will fall woefully short of the capacity necessary to adequately serve our patients (9). Dr. Pack's 
accompanying eloquent editorial distills the mater to its essentials, "Access is the issue."(10) We must 
proceed proactively to help insure that the overwhelming need of our patients is met in a timely and 
cost-effective fashion. To do less should not be an option. 

While I acknowledge a financial interest in the use of ambulatory testing, I urge you to remember that 
those who have lobbied so hard to maintain the status quo have enormous financial, career and research 
interests at stake as well.  The rapidly growing number of PSG labs is testament to their financial 
viability as cost centers for hospitals.  Unfortunately, this is not the best use of our healthcare dollar. 

Thank you in advance for your gracious attention and any consideration you may give this request.  I 
would be delighted to meet with you at your convenience to further discuss the program we have found 
to be so successful. 
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Comment #62: 

Submitter:  Kingman Strohl 

Organization: 

Date: Fri, 5/7/04 10:13PM 

Comment: 


Clinical decision making, not technology. Sleep apnea, like chest pain,  

requires a number of approaches to rule in the disorder. PSG is like cardiac  

catheterization as potable monitoring is to stress testing. 


Scope of the Problem
 
In 1983, Coleman et al reported findings on approximately 3000 patient encounters in a survey of 

nine ASDA accredited laboratories; data were collected over 2 years.  While some of participating 
centers had higher volumes (200-250 studies/year), the median number of studies among the 9 sites was 
87/year/center; and sleep apnea accounted for 46% of the cases.  In . During a one-month period of time 
in 1998, these centers reported doing a mean of 68 studies/month (annualized to over 800 
studies/year/center); and 89% of studies were for evaluation of sleep apnea (Punjabi et al, 1999).   

The End of the Technology Phase 
There are number of reviews and reports on the role of testing focusing on issues of 

instrumentation and standardization (2-5). These publications have generally concluded that 
polysomnography as well as the more limited recording devices are biologically plausible and 
technologically feasible in both the unattended and attended mode.  This includes portable and/or 
ambulatory monitors that permit testing outside the sleep center both with and without surveillance by a 
technician (5). 

Portable monitoring of cardiopulmonary variables alone will detect sleep disordered breathing 
equally as well as attended studies, with the likelihood of an 8% or less failure rate.  It should be noted 
that the failure rate for attended polysomnography is not published but is only believed to be lower.  
There have been several scholarly reviews of clinical utility of unattended cardiopulmonary testing 
suggesting that apneas can be detected (to the extent that a clinical decision can be made) without 
directly measuring sleep (3).  Hence, controversy about the technology for monitoring sleep and 
breathing now focuses on application rather than methods, on use rather than instrument. 

Two studies have examined compared the use of attended and unattended monitoring will 
all polysomnographic variables in patients with sleep disorders.  Mykytyn et al (6) compared the use of 
the same polysomnographic equipment in the attended and unattended mode.  Although there only 10 
patient records examined, and no actual "home" testing, the results support the feasibility of doing "full" 
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sleep studies outside a center or fixed site, and without the need for constant attendance by an observer. 
In a study more consistent with clinical utility, Fry et al (7) studied 77 patients once in the laboratory and 
once at home.  There was a very good concordance for indices of sleep disordered breathing but less so 
for the number of periodic leg movements. The differences observed between testing sites did not alter 
clinical decisions; however, twice as many patients preferred laboratory testing than home testing.  

There are lessons to be gained about the use of unattended technology from the Sleep Heart 
Health Study (8). This epidemiologic study utilizes a 16 channel potable, unattended device for 
collection of polysomnographic data in the home, and has experience in the collection of data in over 
6000 adults. In the course of this study there was installed a system for training and re-assessment of 
technical details of the patient set-up and a pre-determination of the quality of recording and for the 
interpretation of events (9,10). This body of information suggests that equipment failures occur but that 
the predominant problems are sensor failure, including senescence of sensors.  Reliability among scorers 
can be maintained over time; however, the counting of respiratory events during sleep is highly 
dependent on definition of significant events.  Reliability is poorest for arousals, but given a standard 
definition counting of respiratory events can be standardized among trained scorers.  

The focus of attention in clinical sleep medicine should turn from technology to quality 
improvement protocols and issues of clinical utility (11).  Millman, Newmeyer and Kramer (12) are, in 
my opinion, correct to use a perspective of clinical decision making in the understanding of the role of 
testing in the management of sleep apnea. The overall strategy is to identify people with sleep apnea in 
whom treatment of sleep apnea will improve the quality of life (reduce sleepiness and fatigue) and 
perhaps improve risk factors for cardiovascular disease (11,13,14).  

Clinical Decision Making for Sleep Apnea Testing 
The reality is that a test like poysomnography or portable monitoring comes after a patient 

encounter in which the best test is the one that results in a decision regarding the patient=s condition 
(15,16). After all, tests are of very little value clinically if a condition will not or cannot be treated.  
After any encounter, there is the decision by the doctor (and by the patient) if the clinical picture exceeds 
a Atest threshold@, ie. that point where a test will guide treatment. There is a second threshold where 
the physician will treat without testing. This circumstance arises most commonly when a patient with 
severe sleep apnea presents needing intensive care and therapy is initiated.  This second senario is much 
less common than the first.  The decision to test in the outpatient setting has been clearly articulated in 
consensus statements (15); however, the manner of testing has not (4,11). 

Fortunately there is opportunity to begin to define the relationships among clinical presentation, 
testing modes, and clinical outcome the outpatient setting.  A number of studies agree upon a profile 
upon which to base a Apre-test probability@ for sleep apnea (15,17).  In unselected populations, answers 
to questions about the frequency of loud snoring, pauses in breathing during sleep, and functional 
sleepiness to predict the appearance of significant amounts of sleep apnea (13); inclusion of questions 
about body mass index and cardiovascular disease improved the predictive ability, but only modestly 
(14). 

Table 1 summarizes the some of the issues that are addressed in the choice of testing for sleep 
apnea. These issues can be addressed by the creation of local pathways for patients who on presentation 
fall into mild, moderate, and severe forms of illness. At the present time I set my treatment threshold for 
sleep apnea above mild disease (18); as a consequence I offer patients with moderate and severe 
presentations of sleepiness or potential cardiovascular complications a test because I will then go on to 
treat. 

Creating such pathways is only the first step in managing an illness as prevalent as sleep apnea.  
Implementation and assessment of outcome in a pathway permits process improvement (18).  First, there 
is now the opportunity to link pre-test probability of testing to outcome of treatment.  I suspect that any 

10 
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number of strategies would reduce the need for attended polysomnography in patients with very high 
pre-test probability for apnea. These might include direct application of device that not only monitor 
breathing but also restore airway patency by adjusting the pressure in a nasal mask or restore minute 
ventilation. Second, in the low-probability individual the opportunity exists to reserve testing, institute 
conservative or behavioral measures to control symptoms, and observe.  Third, determination of pre-test 
probability permits one to assess the importance of a negative test in a high risk individual or a positive 
result in a low-risk individual. 

The Abest test@ is the one that improves the condition of the patient, leads to an effective 
treatment, or determines that no further therapy is needed. For some centers, portable monitoring fits 
these criteria. 

In one managed care setting, between 1991 and 1994, the rate of new patients undergoing sleep 
studies increased 30% per year, resulting in recognition of perhaps 10-30% of individuals in the health 
management organization estimated to meet minimal criteria for OSA (James deMaine and Rob 
Sandblom, personal communication). This demand prompted a re-evaluation of the use of attended 
polysomnography and the institution of an in-home testing (and treatment) program to reduce the global 
cost of care. 

If there becomes a time when a standardization of interpretation and clinical probabilities is used 
among centers multi-center trials could be used to refine clinical decisions and explore alternative 
strategies of care (19). 

The Sleep Center of the Future 
The APolysomnographic Age@ , as named by Patrick Strollo (1997) has ended for sleep 

medicine.  The sleep center of the future will have to play a role in patient care that goes beyond the 
boundaries of the center because in many instances the diagnostic and intitation of treatment can be done 
in the home.  For those patients who fit a high probability of sleep apnea, the center will play an advisory 
role to primary care practitioners in a care pathway; this may mean that the patient never sees a sleep 
specialist. For other patients, for instance those with snoring or hypoventilation syndromes, the sleep 
center will need to define its role in disease management along with specialists in otolaryngology and 
pulmonary medicine.  For this to have Avalue", the level of expertise in designing and managing care 
pathways will have to be increased. 

There will still be a need for polysomnography; however, I suspect that such efforts will be 
indicated for complex neurologic disorders and for the unusual disorders requiring a broad population 
base for patient referral. The personnel in the sleep center could have a role in education of patients and 
physicians and broaden its interest to prevention, chronopharmacology, and circadian disorders.  In other 
words the sleep center will have to expand the application of technology and its scope of practice to 
increase its value the patient population and medical community. 
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ISSUES IN TESTING FOR SLEEP APNEA 

QUESTIONS     POSSIBLE ANSWERS 

What is the purpose of the study? Initial diagnosis 
Evaluation of existing treatment Screening 
for prevention 

What are the pre-test probabilities? High, low, or intermediate probability for 
OSAHS 
Complicated presentation suggestive of 
two or more sleep disorders 

Will recording of cardiorespiratory 
variables adequately reflect the patient=s 
problem? 

Need apnea type and duration 
Need markers of gas exchange 

Does sleep-wake cycle need to be 
measured? 

Use of surrogate markers or time in bed is 
acceptable 

What are the expectations for the patient? Patient able to attach/arrange sensors 
Patient  resists center environment 

How clinically stable is the patient? Requires observation, intervention, and/or 
assistance 

What instrumentation is needed/available? Single channel 
Multiple channels 
Video/Conferencing 

What would be the response to an 
inadequate study? Or a study that is 
inconsistent with pre-test probabilities? 

Can be easily repeated 
Cost/needs of second testing is understood 

Are there special issues in the health care 
environment? 

Rural/Urban resources 
Expectations of physicians or their ability 
to tolerate uncertainty 
Presence of a care pathway  
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Comment #63: 

Submitter:  Nick Spanos 

Organization: 

Date: Thu, Apr 29, 2004 2:47 PM 

Comment: 


Thanks for reading this attachment and it's my opinion that Medicare doesn't change the 

current policy for the safety of many people who have sleep disorders. 


I would like submit some commits on this issue.  I'm currently a manager at a sleep 

disorder center and have been in sleep since 1998.  I'll try to keep it short as possible. 


1. I have witnessed several (fortunately not many) patients who have had home studies, 
later have a sleep study in the lab setting where the results are conflicting based on OSA.  
In addition other parameters of sleep such as limb movements and upper airway 
resistance syndrome are not evaluated by home studies, but can have similar outcomes as 
OSA. 

2. To properly treat OSA patients as a result of home studies would lead to inadequate 
CPAP pressure determination and would not allow for the appropriate use of BIPAP.   

3. The statement of the requestor for the policy change about recognizing sleep is 
uninformed.  This information is extremely useful to allow for proper diagnosis as stated 
with Medicare's policy requiring 2 hours of documented sleep.   
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4. Another statement that home tests are less expensive is partially true, however costs in 
the long run because of misdiagnosis and improper treatment would increase 
substantially than allowing for the best diagnosis and treatment that occurs in a sleep 
center. Home studies are scored electronically which literature referenced in the 
American Academy of Sleep Medicine (AASM) lead to error.  Manually scored studies 
by trained professionals is needed for proper interpretation. 

5. One final statement to address, the requestor suggests that home studies would allow 
for a greater number of practitioners to perform the home studies. This would also 
contribute to misdiagnosis and improper treatment leading to increase medical costs.  
Education and training with a sleep background is important for evaluating sleep 
disorders. 

There are other statements made by the requestor which don't seem validated.  As far as 

the studies referenced in favor of home studies, I would refer to the Practice Parameters 

on portable studies by the AASM. In this guideline there are only select cases where an 

attended portable monitoring device is acceptable.
 

It is my opinion to allow for a correct diagnosis, treatment, and safety of many patients, 

Medicare doesn't change the policy to not allow portable home studies in the treatment of 

sleep disorders. 


Comment #64: 

Submitter:  Gerald N. Rogan, MD 

Organization: 

Date: Tue, Apr 20, 2004 2:03 AM 

Comment: 


When I was the carrier medical director for NHIC CA, I wrote the LMRP not to cover 

home sleep testing principally because CMS required home sleep testing in CIM 60-17. 

The CPT code was 95806. I thought the technology was very good. I also thought that 

accurate home testing would be beneficial to patient care. I think OSA 

is underdiagnosed. When I practiced family medicine, I had a patient 

with SIADH and periodic V tach from OSA-cured with CPAP 


 http://www.medicarenhic.com/cal_prov/lmrp/lmrp_01_101.htm
 

By contrast, during this period Blue Shield of California did make a 

limited affirmative coverage decision. 


Also, Practice Parameters for the Use of Portable Recording in the 


Assessment of Obstructive Sleep Apnea ----  


http://www.medicarenhic.com/cal_prov/lmrp/lmrp_01_101.htm
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An American Sleep Disorders Association Report 

Standards of Practice Committee of the American Sleep Disorders 
Association can be found at 

http://www.aasmnet.org/PDF/PortableParameter.pdf  

Comment #65: 
Submitter: Michael Coppola, MD 
Organization: Mercy Hospital Sleep Center 
Date: Thu, Apr 22, 2004 10:39PM 
Comment: 

(See next page) 

http://www.aasmnet.org/PDF/PortableParameter.pdf


MICHAEL COPPOLA MD 

PRESIDENT, SPRINGFIELD MEDICAL ASSOCIATES 


MEDICAL DIRECTOR MERCY HOSPITAL SLEEP CENTER 

ASSOCIATE CLINICAL PROFESSOR OF MEDICINE. TUFTS U. SCHOOL OF MEDICNE. 


MEDICAL DIRECTOR SLEEP AVE LLC 

2150 MAIKSTREET 


SPRINGFIELD, MA 0 II 04 

413-739-5676 

May 20,2004 


reo NCA Tracking Sheet for Continuous Positive Alrw~ Pressure «(PAP) Therapy for Obstructive Sleep Apnea 
(OSA) (CAG-00093R) 

Dear Ms. Spencer and Dr. Sanders, 

I am \vriting to urge you to give positive consideration to Dr. Davidson's proposal 
for CP AP coverage in patients who have had their need for CP AP documented in 
situations other than an attended facility-based study. 

In 1988, r began utilizing unattended four-channel recording to establish the 
diagnosis of OS A for patients with a high pre-test probability ofOSA. I embarked upon 
this out of sheer desperation, because of the lack of access to care. We found people 
could self-titrate quite well with proper education and follow-up. We published our 
preliminary uncontrolled series in 1990. I 

We were met with not a small amount of criticism, but persisted because frankly 
our patients had little alternative. It became clear that economic forces were heavily in 
favor of attended testing and no one would step forward to fund a large-scale study. 
Group Health in Puget Sound (Seattle W A) bravely embraced our program and applied it 
across a patient population in the thousands as the preferred method for evaluating OSA 
and initiating CPAP. Thcir work was presented in abstract form but unfortunately was 
never presented in full publication, although their data was clean and the analysis was 
quite sophisticated. They clearly showed improved, lower-cost access to care \vith 
excellent patient outcomes. The success of positive pressure assist is not determined by 
the type of test, which documents the OS A, but by the care and support provided for the 
patient. We have successfully treated thousands of patients with CPAP as has Group 
Health and other programs with unattended non-facility based studies, Despite this our 
facility-based sleep lab is also booked for months. Recently Dr. Fitzpatrick in Canada, 
unaware of our previous work, published a paper documenting the same positive results 
with self-titration.2 

, Coppola, M., Lawee. M, Management of Obstructive Sleep Apnea in the Home: The Role of 
Portable Polysomnography. Chest, Vol. 104, 19-25.1993. 

, Fitzpatrick MF, Alloway CE, Wakeford TM, MacLean AW, MUD! PW, Day AG, Can patients willi 
obstl1.!f.tive sleep apnea titrate their 0\\11 contiI)JlOllS oositive airwav pressu~7~ Am J Respir Crit Care Med. 
2003 Mar I; 167(5):716-22. 



I must ask, what would have happened to these patients who have had CP AP 
success for years if we had not done so? These people had little access to care with 
facility-based testing, so we devised a careful, thoughtful and supportive program which 
has stood the test of time. Our sleep lab and others in thc area continue to grow, but as 
associations with other morbidities such as stroke, heart attack and diabetes are 
uncovered, awareness and demand is rising. We can not provide care to all these patients 
with the facilities we have. I have seen good results from home testing and poor results 
when patients have had a facility-based study with poor education and follow-up. I do 
not believe current CMS policy insures adequate care for our patients, but merely restricts 
care to those expensive and unavailable "sleep centers" who have successfully lobhied 
for their own interests in the guise ofproviding the "gold standard" of care. They have 
never shown that PSG improves outcomes with CP AP. Unfortunately they are a very 
powerful voice, while our millions of undiagnosed, symptomatic patients have no 
champion. I am afraid that those who have lobbied CMS in the past have had financial, 
eareer and research agendas, which biased them in demanding a certain approach to 
sleep. I support non-facility based testing even though I have a greater financial 
incentive to perform more attended facility-based studies. I know my colleagues at Group 
Health in Puget Sound who also have facility-based capacity and have three" boarded" 
sleep physicians also support my position. Other colleagues in San Diego, North Dakota 
and elsewhere have robust programs in unattended sleep management. We all have 
found that comprehensive discase management depends heavily on care and education 
with a de-emphasis on the diagnostic burden of polsomnography. The facility-based PSG 
requires a diagnostic burden completely out of proportion to the need given the safety of 
the therapy.3 We have placed too much emphasis (and a disproportionate share of the 
dollars) on diagnostic testing and too little on therapy. 

It is interesting to note that this anomaly is peculiar to the US. Most of the 
diagnostic testing in advanced European economies is done in portable scenarios. A 
rceent article glaringly pointed out the disparity between the US and the rest of the 
world.4 Access to care continues to be an issue in a common disease in which all 
estimates show we are not beginning to reach the millions of afflicted Americans. I am 
afraid that intense lobbying in the US by individuals whose bias is to grow and maintain 
high level tertiary care laboratories which generate millions of dollars in revenue and 
have a poor track record in providing care to their patients (follow-up rates < 50 % in 
some centers) has impacted on CMS's decision to limit CPAP coverage. As Dr. Pack, a 
well-respected sleep researcher, recently pointed out in an editorial: "It's all about 
Access".5 

1 Kassirer JP, Our stubborn quest for diagnostic certainty. A cause ofexcessive testing. N Engl J Med. 1989 
Nov 2:321(8):1272-3. 
• Flemons WW, Douglas NJ, KlUla ST, Rodenstein DO, Wheatley J. Access to diagnosis and treatment of 

patients with suspected sleep apnea ..Am J RespiT Cnt Care Mod. 2004 Mar 15;169(6}:666· 7. 

, Pack, A. Sleep-disordered breathing: access is the issue. Am J Respir Crit Care Med. 2004 Mar 

15;169(6):666·7. 




I respectfully request CMS to reconsider its position on CPAP and allow us to 
manage our OSAS patients with safe, effective initiation ofCPAP without the 
unnecessary burden of cumbersome testing. By devoting more resources to the therapy 
we can improve access to care and improve the quality ofcare provided our patients. 

Respectfully submitted, 

Michael P. Coppola MD 
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Comment # 66: 
Submitter: Yosef Krespi, M.D. and Robert S. Lebovics, MD, FACS 
Organization: St. Luke’s Roosevelt Medical Center 
Date: Wed, May 5, 2004 10:17 AM 
Comment: 

We are writing to express our strong support for a revision to the national Medicare 
coverage determination (60-17) under consideration by CMS that would permit Medicare 
beneficiaries to receive multichannel home sleep testing as a diagnostic alternative to 
attended polysomnography  (PSG). Currently, Medicare only reimburses for Continuous 
Positive Airway Pressure (CPAP) devices if the polysomnography is performed in a 
facility - based sleep study laboratory, and not in the home or in a mobile facility.   

While we recognize and are sensitive to historical concerns regarding the Medicare 
program?s payment of CPAP devices (particularly where DME companies furnish the 
testing), sleep disorder breathing (SDB), a.k.a. obstructive sleep apnea (OSA), continues 
to be a major health concern in our elderly population which includes Medicare 
beneficiaries.  SDB is a chronic illness that significantly contributes to the progression of 
cardiovascular illness specifically heart attack and stroke. These diseases are among the 
leading killers in the USA today and significantly impact on the public health as well as 
on total Medicare spending. In addition, SDB in its milder forms cause untold losses in 
terms of work productivity and contribute to all types of mechanical accidents. Other well 
known associations to SDB include hypertension (both systemic and pulmonary), 
congestive heart failure, cardiac dysrhythmias, morbid obesity and diabetes mellitus.  In 
2003 alone, the estimated cost of cardiovascular disease and stroke was $351.8 billion. Of 
this amount, $209.3 billion is due to direct medical costs and $142.5 billion to lost 
productivity. See, http://www.cdc.gov/nccdphp/power_prevention/pop_spending.htm . 
Cost estimates for 2004 are projected to be around $368.4 billion - this figure also 
includes direct costs and costs of lost productivity.  Suffice, cardiovascular disease is a 
major health care expense and early intervention will help to reduce long term 
expenditures even if there is an increase in sleep studies and CPAP therapies. You may 
also know that, The National Institutes of Health (NIH) has allocated nearly 1 billion 
dollars over the last decade to studying the science of OSA and this trend is increasing.  

It is our view that, with the advent of new technologies, including that offered by Oxford 
BioSignals, Medicare?s restriction on sleep venues is an impediment to diagnosing and 
treating OSA and, ultimately, an impediment to beneficiary health.  Specifically, the 
Oxford BioSignal BioSomnia device is a single channel ambulatory 
electroencephalogram (EEG) with a software package that has been approved by the 
FDA for use as an adjunct to a physician in the diagnosis of sleep disorders in the 
patient?s home environment. Although we do not promote or advocate the use of any 
particular device, we believe that CMS? should revise its coverage policies to permit 
home-sleep study testing for those multichannel diagnostic devices that include a 

http://www.cdc.gov/nccdphp/power_prevention/pop_spending.htm
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minimum 4 lead respiratory/cardiovascular recording. These parameters may include 
respiratory flow, pulse oximetry, respiratory effort, body position, and snoring. The 
option of including a single channel EEG measuring true sleep time is now a reality.    

Devices, such as the BioSomnia, eliminate many of the previous objections to unattended 
home studies. First, the EEG component will confirm that the patient was actually in the 
proper phase of sleep while the cardiovascular/respiratory sensors are measuring their 
components. This is a major advance, in that the current gold standard of PSG uses 
human beings, usually with a limited medical background, to ascertain that a patient is in 
rapid eye movement sleep (REM) or even in any phase of sleep. Objective EEG 
recordings not subject to interpretive biases will define the time period for which the 
respiratory/cardiovascular data is analyzed.  

Home testing for OSA also has a number of clinical and economic advantages for the 
patient and the Medicare program, in general. First, it is generally well recognized that 
patients sleep more comfortably in their own beds than in a sterile hospital or sleep lab 
facility environment. In fact, in some instances, it may be difficult to obtain reliable 
results in a sleep lab environment which bears no relation to the actual conditions 
encountered by the patient in the home setting.  Second, in some areas of the country 
there is a paucity of sleep testing facilities and, as a result, patients experience delays in 
scheduling sleep studies which prevents timely diagnosis of OSA.  Home studies should 
reduce and/or alleviate these delays. 

Third, a home study using the BioSomnia (or other similar devices), will be substantially 
cheaper than a standard facility-based sleep study and the validation studies are available 
to substantiate the medical device?s diagnostic accuracy. As home testing equipment is 
significantly cheaper, physicians in multiple disciplines related to sleep medicine will 
find the testing equipment affordable and be able to offer these diagnostic services to 
those patients who medically require them. Such doctors might include, neurologists, 
cardiologists, pulmonologists, ENT surgeons, oral surgeons, in addition to family 
physicians and geriatricians. Fourth, home studies can produce virtually instant results 
for the treating physician; whereas, the ?class? sleep facility hand scoring report from 
?attended? sleep labs may lead to a 10-14 day turn around time for results.   

Reliable home testing, such as that we believe now exists through improved technology, 
will help a physician promptly diagnose a medical condition, such as OSA, leading to 
earlier intervention and, ultimately, to a better quality of life, decrease in long term 
disabilities and saving of health care resources.  We believe that CMS must consider 
these important issues as it balances longstanding concerns over the appropriate types of 
sleep studies that can be relied upon for CPAP qualification.  In our view, CMS should 
address ?who? can perform home testing (e.g., a physician, home health agency and/or 
DME supplier) separate and apart from whether this type of test should be covered.  
Clearly, as with all technologies, the potential for excess utilization exists?however, this 
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should not the form basis of coverage denial when, as in this case, the benefits of offering 
such technology can provide substantial improvements in the quality of life of patients. 

In summary, we believe that home sleep testing will benefit the public health in multiple 
venues in addition to saving lives. As cardiovascular disease is a major Medicare 
expense, early intervention will act to reduce long term expenditures even if there some 
short-term increase in sleep studies and CPAP therapies. The technology has leaped 
forward and is now at a point where CMS can and should consider revision to its 
coverage rules to facilitate payment for such services. 



lawrence M Highy 
President and 
Qief Executive OffICer 

26220 Emetprise Court 

t:..ake Forest, CA 926JO..8400 

Tel 949.639.4960 

Fax 949587. 1850 


May 7, 2004 

Tiffany Sanders, M.D. 
Mail Stop CI-09-06 
Office of Clinical Services and Quality 
Centers for Medicare and Medicaid Services 
7500 Security Boulevard 
Baltimore, Maryland 21244 

Re: 	 CAG-00093R: Continuous Positive Airway Pressure (CPAP) Therapy for 
Obstructive Sleep Apnea 

Dear Dr. Sanders: 

I am writing on behalf of Apria Healthcare regarding the recent modified national 
coverage determination announced by CMS involving Continuous Positive Airway 
Pressure (CPAP) therapy for obstructive sleep apnea. Apria Healthcare is America's 
leading provider of integrated homecare products and services. Apria provides full­
service homecare solutions in respiratory therapies and other clinical areas to over 1.2 
million patients through 425 branch offices located throughout the United States. 

We urge CMS to recognize the use of portable multi-chaunel horne sleep testing devices 
as an alternative to facility-based polysomnography in the evaluation ofobstructive sleep 
apnea (OSA). With the appropriate safeguards, in-home testing provides an accurate and 
cost-effective modality for evaluating whether or not patients suffer from OSA that 
would benefit clinically from the administration ofCPAP therapy. 

Although others are likely to describe the recent clinical literature in greater detail, we 
wish to highlight that investigations published during the past several years provide 
further support for the clinical appropriateness of home-based testing. Please consider 
the following: 



• 	 Golpe and Carpizo reported in Chest during 2002 on "a portable respiratory 
recording device used unsupervised in the patient's home" that can provide 
"useful assessment" for sleep apnea. I 

• 	 Also in 2002, Gagnadoux et al. compared home unattended polysomnography 
with polysomnography performed in the hospital setting to diagnose obstructive 
sleep apnea syndrome. The investigators concluded that the site of recording 
(home versus the hospital) had no influence on the polysomnographic indices 
relevant to diagnosing obstructive sleep apnea syndrome.2 

• 	 In 2003, Bar et al. compared the use of an ambulatory device for in-home testing 
to in-laboratory polysomnography, concluding that the ambulatory device 
provided "an accurate, robust and reliable ambulatory method for the detection of 
obstructive sleep apnea syndrome.") 

It is important for the Medicare program to revisit the issue of in-home testing for OSA, 
especially due to the fact that home-based diagnostic devices have continued (and will 
continue) to evolve in this area. In practice, the current reliance on a finite number of 
sleep laboratories in the United States for polysomnography is resulting in de facto 
rationing of care and creating barriers to access to treatment, especially in rural areas. 
Home sleep testing provides a meaningful opportunity to address this problem and 
improve beneficiary care. 

The recent clinical literature also highlights that in-home polysomnography is more cost­
effective than laboratory polysomnographyY This is the case even when technologists 
are sent to the home to assist the patient in setting up the testing equipment. I In addition, 
there is significant and avoidable morbidity and financial costs associated with thc 
current under-diagnosing of OSA. 

Due to the relative cost-effectiveness of home testing and the well-documented shortage 
of sleep laboratories that perform polysomnography, private health plans have begun 
using in-home testing to evaluate patients for CPAP in the context of OSA. For example, 
we understand that Kaiser Permanente in California is using unattended in-home testing 
in patients who are suspected of having OSA. These patients are being screened, and 
after attending an educational session, they undergo unattended home testing followed by 
unattended auto-titration (if indicated) to accurately and effectively diagnose OSA and to 
initiate subsequent treatment with CPAP. 

* * * * 

1 Golpe R, Jiminez A, Carpizo R. "Home Sleep Studies in the Assessment of SleeplHypopnea Syndrone 
 
(Clinical Investigations)." Chest, October 2002. 
 
2 Gagnadoux F, Pelletier-Fleury N. Philippe C, Rakotonanahary D, Fleury B. "Home Unattended VB, 
 

Hospital Telemonitored Poly somnography6 in Suspected Obstructive Sleep Apnea Syndrome; A 
 
Randomized Crossover Trial (Clinical Investigations)." Chesl, March, 2002. 
 
3 Bar, A, Pillar, G, Dvir, I, Sheffy. J, Schnall, RP, Peretz, L. "Evaluation of a Portable Device Based on 
 
Peripheral Arterial Tone for Unattended Home Sleep Studies (Clinical Investigations)," Chest, March 
 
2003. 
 



We urge eMS to move forward in providing Medicare beneficiaries with access to in­
home diagnostic testing for OSA. We believe that sueh a refinement to the current 
coverage policy is consistent with the best interests of the patients and the general trend 
toward identifying and employing cost-effective, home-based solutions for clinical 
diagnostics and treatments. Taking this step to help identify and treat patients with OSA 
is in the best interests ofpatients and the Medicare program. 

Please do not hesitate to contact us if we can provide any further information or be of 
additional assistance. We hope to hear from you. 

Sincerely, 

Lawrence M. Higby 

cc: Francina Spencer, eMS, OCSQ 



 
 
 
 

 
 

 
 

 

 
 

 

 
 

 

 
  

 

 
 

 

 
 

 
 

 
   

 

Medicare Coverage – CAG-00093R 

The following is a submission for public comment on the national coverage 
determination for diagnosis and treatment of obstructive sleep apnea (OSA) to include 
multi-channel home sleep testing (HST) as an alternative to polysomnography (PSG). 

� Obstructive Sleep Apnea (OSA) is one of many sleep related diseases which has 
fallen under the name sleep disordered breathing (SDB) and therefore is often 
confused with diseases of the airway which may be more complex in nature and 
require additional channel monitoring. 

� The diagnosis of OSA starts with a history & physical, and should include an 
evaluation of the patient’s performance related to daytime sleepiness and a risk 
assessment for sleep disorder. Several questionnaires are available to assist the 
physician in the patient evaluation. With this information the physician may 
determine the diagnosis, and choose to use a HST, home sleep test to verify that 
decision – similar to laboratory testing to confirm an infection.  If the diagnosis 
appears more complex a sleep lab study would be indicated. 

� When a diagnosis of OSA is suspected, sleep testing with multi-channel respiratory 
parameters is needed and can be completed with much success in the home as 
documented in several studies.  The parameters for testing should include: 

-	 airflow for demonstration of apneas and hypopnea 
-	 oxygen saturation to determine the extent of oxygen injury associated with each 

event 
-	  position sensors and chest wall movement sensors to assist in diagnosis and 

determination of the type of apnea which will reflect in treatment options 

� The results of the HST still require the rigors of evaluation with set standards related 
to total sleep time, apnea/hypopnea calculations and review by a physician trained in 
sleep medicine. 

National coverage for multi-channel home sleep testing will allow patients to be tested 
and more importantly treated for a condition which has been associated with many co­
morbid conditions. The treatment of OSA with CPAP therapy has been documented to 
improve hypertension and reduced stroke and heart failure – co-morbid conditions often 
associated with Medicare beneficiaries. 

Looking at the cost of healthcare; research has identified significant increases in 
healthcare dollars spent on members in the 2-year period prior to a diagnosis of OSA. 
Kryger, M. Sleep 19 (1996) 

In addition, OSA patients with cardiovascular and pulmonary disease experience reduced 
hospitalizations with CPAP treatment. Peker, Y. - Sleep 20 (1997) 



 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 
 

The use of home sleep testing would allow patient diagnosis for those uncomfortable 
going to a sleep lab, reduce the time from diagnosis to treatment, and provide the 
physician a diagnostic tool to complete a care plan for OSA. 

In a disease management model, the use of home sleep testing would allow the addition 
of patient education and compliance management to the CPAP treatment plan without 
any additional healthcare cost when compared to traditional polysomnography/CPAP 
treatment costs. 

Thank you for the consideration, 

Susan B. Riley 
President and Chief Executive Officer 

Pamela K. Fry BS, RRT 
Director, Corporate Development 
888.775.8676 ext2064 



 

 
 
 
 
 

 
 

 

 

 

 

 
  

 
 
 

   
 

 

 

 

  

 
 

 
 

 
 

 
 

 

 

 

 
 

 

 
 

 
 
 

 
 
 
 

 

 

 
 

  

 
 

  
 

 
  

 
 

  

 

 
 

  

   

Watch-PAT 100: 
Review of Evidence 
David Barone, December 2003 

TABLE OF CONTENT 

Overview ...................................................................1 

Prior Guidelines for Unattended Sleep Studies .........3 

Validating the PAT Signal.........................................4 

Summary of Evidence ...............................................5 

Proposed Guidelines for Using PAT Technology to 

Diagnose OSA...........................................................7 

Summary....................................................................7 

References .................................................................7 


The references presented in this memorandum do not 
address all portable sleep studies, but rather focus on 
the evidence associated with a new technology 
utilizing a measurement of peripheral arterial tone 
(PAT), in conjunction with other physiological 
parameters, to detect sleep apnea events. The specific 
technology addressed in this report was developed in 
recent years, and was not available during prior 
reviews of medical literature analyzing the evidence 
for reliability, efficacy and outcomes associated with 
unattended sleep studies. 

Overview 

Obstructive Sleep Apnea 

Obstructive Sleep Apnea (OSA) is a recognized 
disorder of sleep, characterized by recurrent airway 
obstruction, identified as apneic and hypopneic 
episodes. In view of its high prevalence, serious 
associated morbidity and recently shown mortality, 
sleep apnea has been recognized as a major public 
health problem1. Persons with this disorder usually 
experience tiredness, fatigue, irritability and 
difficulty concentrating2. Worse still, they are more 
likely to fall asleep at inappropriate times and have a 
higher rate of vehicular crashes and work-related 
accidents than other people3. Sleep apnea also affects 
the cardiovascular system. It is associated with 
increased blood pressure, cardiac arrhythmias during 
sleep, and it may contribute to atherosclerosis leading 
to myocardial infarction4, as well as to stroke5. The 
mortality among patients with severe untreated sleep 
apnea has been significantly higher than in patients 

with a mild sleep apnea6. The National Sleep 
Commission on Sleep Disorders Research estimated 
that sleep apnea may be responsible for 38,000 
cardiovascular deaths per year7. 

OSA has been recognized as a clinical condition for 
over 25 years8, and since then, diagnostic tests 
identifying OSA as well as treatments have 
increasingly been provided to patients complaining of 
excessive sleepiness and other related symptoms. The 
prevalence of OSA, most common among middle-
aged adults, is estimated to be up to 5% of the U.S. 
population9 (although some reports estimate the 
prevalence to be closer to 10%), and is in effect more 
prevalent than asthma. In certain high risk 
populations, the prevalence of OSA is even 
significantly higher. Over 50% of patients with CHF 
have been reported to suffer from sleep-disordered 
breathing10, and among morbidly obese patients, the 
incidents of OSA are at least 12 fold higher than in 
the general population11. 

Shortcomings of current state of the art OSA 
diagnostics and treatment 

Patients with obstructive sleep apnea benefit from a 
number of effective therapies, such as continuous 
positive airway pressure (CPAP), oral appliance, also 
known as an intraoral mandibular advancement 
device, and for those failing or refusing the non-
invasive treatment options, surgeries such as 
tonsillectomy and adenoidectomy. Other treatment 
options, including surgeries, are available for patients 
failing or refusing CPAP treatment. In spite of the 
availability of effective treatments for OSA, results 
from the Wisconsin Sleep Cohort indicate that over 
10 million patients with sleep apnea remain 
undiagnosed12. The major problem in the field is, 
therefore, not treatment but diagnosis: whom to test, 
how to identify the candidates for the test, how to 
test, and what are the implications of test results 
regarding the risk of serious clinical sequelae, as well 
as the economical related issues. 

The most common diagnostic method for OSA is an 
overnight full polysomnography (PSG) test, which 
consists of measuring electroencephalogram (EEG), 
electrocardiogram (ECG), electrooculogram (EOG), 
electromyogram (EMG), respiratory airflow, chest 
and abdominal respiratory efforts, body position and 
blood oxygen saturation in a sleep laboratory. PSG is 
costly, and while considered as the “gold standard”, 
the interpretation of the data is complex and subject 
to significant variability13. The cost of full PSG for 
all suspected cases would be prohibitive, and will fall 
far short of providing an acceptable solution for 



  
 

 
 

  
 

 

  
 
 
 

  

 
 

   
  

 

 

 
 
 
 

 
 

 
 

 
 

  
 

 

  
 
 

 
 

 

 

 
 
 

 
  

 

 
 

 
 

 
 
 

  
  

 

  
    

 
 

 

 
 
 
 

 
 

  
 

 
 

 

testing all patients suspected of sleep apnea. Thus, 
with so many people requiring testing for OSA, the 
availability of accurate, yet simpler and less costly 
alternatives for diagnosing sleep apnea, to augment 
the in-lab PSG, is highly desirable. 

The PAT solution 

On November 2001, the FDA approved a 510(k) 
application for the Watch-PAT100, a patient wrist-
worn device to be used unattendedly during sleep in 
the home for the purpose of aiding in the diagnosis of 
obstructive sleep apnea syndrome. The device 
records a physiological measurement, Peripheral 
Arterial Tone (PAT) signal, which can be monitored 
non-invasively through a finger-mounted opto-
pneumatic probe. In addition to the PAT probe, the 
device incorporates pulse oxymetry measurement and 
an embedded actigraph for sleep/wake 
differentiation. PAT signal is a measure of arterial 
pulsatile volume changes in the fingertip brought 
about by varying sympathetic nervous system 
activity. Since respiratory disturbances during sleep 
are associated with sympathetic surges, they cause 
changes in the PAT signal as well. The PAT device 
can identify respiratory disturbances during sleep, 
utilizing a computer analysis program used with the 
PAT signal to analyze fluctuations in sympathetic 
tone. 

The Watch PAT 100 (WP100) is the first device to 
use PAT signal analysis to measure respiratory 
disturbance during sleep. A principal benefit of this 
measurement technique is its simplicity of use. Since 
PAT signal can be measured using a device worn 
comfortably on the wrist, it is ideal for studies 
performed outside of a sleep lab facility and does not 
require the full-night attendance of a technologist. 
Another primary benefit of the PAT measurement is 
the ability to detect and record even minute changes 
in peripheral vascular volume associated with 
arousals, and through this measurement, detect even 
subtle sleep disordered breathing events. 

A further basic aspect of the PAT measurement that 
is of practical importance is that it also provides 
information about changes in pulse rate. While 
isolated spontaneous vasomotor tone and heart rate 
fluctuations are common and normal occurrences, it 
is in fact the specific combination of a characteristic 
pattern of vasoconstriction and a degree of transient 
relative tachycardia in close temporal proximity that 
serves as a highly sensitive and specific autonomic 
marker of OSA. 

Despite the longstanding awareness that autonomic 

© 2003 Itamar Medical Ltd. 

activation accompanies apnea termination, prior to 
the introduction of the PAT technology, a reliable 
noninvasive marker of this was conspicuously 
lacking. A number of autonomic parameters have 
been evaluated as potential markers of OSA but their 
performance has been disappointing. For example, 
Pitson and Stradling reported an R value of 0.65 for 
the pulse transit time (PTT), and 0.51 for heart rate 
changes relative to standard PSG criteria of sleep 
disordered breathing indices14. In sharp contrast to 
these modest levels of correlation, PAT has been 
consistently found to provide R values within the 
0.85- 0.95 range in several independent studies38,41,49. 

In addition to the PAT probe, the WP100 device 
incorporates pulse oximetry and an embedded 
actigraph. The WP100 software automatic algorithms 
uses features of the PAT signal, blood oxygen 
desaturation and pulse rate for respiratory 
disturbances detection, and the actigraphy signal for 
sleep/wake state detection. The WP100 is the only 
non-EEG ambulatory device having the capacity to 
reliably detect sleep/wake states, providing for 
diagnostic capability closer to PSG, rather than any 
conventional cardio-pulmonary ambulatory device 
(which have been used in unattended sleep studies), 
as it allows the detection of the respiratory events 
during the relevant sleep periods only and the 
assessment of sleep fragmentation that is often 
caused by OSA.  

PAT testing represents a substantial technological 
advancement from other devices currently marketed 
for ambulatory sleep tests. Some technologies 
previously used in the unattended setting require 
cumbersome sensors interface, and as a result, they 
are susceptible to unreliable and inconsistent data 
acquisition. Many devices have failed to demonstrate 
consistent sensitivity and specificity. The new PAT 
technology records some of the same physiological 
parameters as other unattended devices (e.g. arterial 
oxygen saturation and pulse rate) but (i) by including 
the PAT signal, instead of the cumbersome airflow 
and efforts measurements, and (ii) by adding 
actigraphy to identify sleep states, it performs unique 
physiological analysis, different from the parameters 
monitored and recorded by other devices. 

By utilizing these new capabilities, the PAT device is 
able to provide a higher level of informative 
diagnosis value, and to achieve a high level of 
reliability and accuracy. Through a direct measure of 
the arterial pulse volume changes – a demonstrated 
surrogate of arousal and sympathetic activation, the 
PAT has the ability to provide an ‘arousal context’ to 
the measurement of apnea or hypopnea events, 
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matching the ability of the full PSG study to diagnose 
OSA in an unattended home testing environment. 
Furthermore, the unique nature of the PAT events 
enables the effective use of distinct computer 
programs, now well-validated, in the analytic parts of 
the PAT-based procedure. 

The WP100 is mounted to the wrist, and connects to 
external sensors placed on two fingers. This 
configuration, with minimal discomfort, if at all, 
makes the device particularly convenient to the 
patient. Eliminating the patient’s intimidation and 
physical interference factor, and allowing for the 
recording to be conducted at the patient’s natural 
home environment, provide for a much better 
reflection of patient’s typical sleep, and unimpaired 
recording of sleep patterns. 

The Watch PAT100, which has been used clinically 
since early 2002, does not fit the definition of PSG, 
on one hand, but has clinical and technological 
features that are substantially advantageous to those 
associated with existing technologies for unattended 
sleep studies, on the other hand. CPT code 95806 
describes unattended sleep studies, but the 
description of the service associated with this code 
refers to technologies predating the PAT. Due to 
certain limitations of such older technologies, some 
health plans have not reimbursed providers for 
conducting unattended studies. Approving 
reimbursement for sleep studies utilizing the PAT 
ambulatory technology, which represents significant 
improvement over prior devices, is consistent with 
the evolution of other medical practices. A number of 
procedures performed in the past only in a fixed 
facility setting, for example monitoring of cardiac 
and neurological parameters, have evolved to include 
home-based options, once ambulatory technologies 
for such applications have been properly validated. 
These ambulatory technologies have not replaced 
fixed site technologies, but rather provide additional 
diagnosis options for physicians and a valuable 
alternative for their patients. While the WP100 may 
not be appropriate for all patients being referred to 
the sleep lab, nor for the diagnosis of all sleep 
disorders, it will however, in the vast majority of 
cases, provide a definitive diagnosis to patients 
suspected of having sleep apnea. 

Prior Guidelines for Unattended 
Sleep Studies 

Various professional organizations, medical societies 
and health plans have assessed in the last ten years 

© 2003 Itamar Medical Ltd. 

the use of unattended sleep studies for OSA. Since 
such reviews were based on literature predating the 
introduction of the peripheral arterial tonometry 
technology, they do not address the PAT technology 
specifically. 

Blue Cross Blue Shield – TEC  

A TEC Assessment of portable sleep studies for 
diagnosis of obstructive sleep apnea syndrome was 
presented to the Blue Cross and Blue Shield 
Associations’ Medical Advisory Panel on May 
199615. The report recognized that “portable sleep 
studies have been used in the home setting for 
diagnosis of obstructive sleep apnea. Portable sleep 
studies may be used as an initial diagnostic tool to 
avoid the inconvenience of PSG in a sleep laboratory; 
as a means for evaluating treatment; or as an 
alternative to PSG for making a definitive diagnosis 
of sleep apnea”, but indicated that (based on the 
scientific data reviewed for that report published 
prior to 1996) the evidence was not sufficient to 
quantify the probability of incorrect diagnosis, 
redundant testing, or the beneficial outcome of 
avoiding the inconvenience of an unnecessary 
polysomnography. Based on the report findings, 
many of the Blue Cross and Blue Shield plans 
determined that unattended sleep studies should be 
considered investigational and therefore, not eligible 
for reimbursement (since than a number of Blue 
Cross plans have decided to reimburse providers for 
unattended sleep studies).  

Agency for Health Care Policy and Research 
(AHCPR) 

MetaWork’s systematic literature review conducted 
in 1998 on behalf of the U.S. Agency for Health Care 
Policy and Research (AHCPR)16. The report found 
evidence that a full PSG may not be necessary to 
diagnose sleep apnea, but determined, based on 
literature published prior to November 1997, that 
there was not sufficient evidence that sleep studies 
devices can be used reliably in the home setting. 

American Association of Sleep Medicine (AASM) 

The Practice Committee of the American Sleep 
Disorders Association (name changed to American 
Academy of Sleep Medicine, or AASM) stated in 
199417 that unattended portable sleep recordings for 
OSA assessment is an acceptable alternative to PSG 
in the following situations: 
•	 Patients with severe clinical symptoms 

indicative of OSA, when initial treatment is 
urgent, and standard PSG is not available.  
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•	 Patients unable to be studied in a sleep lab, 
such as non-ambulatory patients who cannot 
safely be moved. Such patients are likely to 
have disturbed sleep patterns, therefore the 
risk for false negatives and otherwise 
inaccuracy assessment is heightened. 

•	 Evaluate response to therapy, using follow-
up studies, when a diagnosis has been 
established by standard PSG, and therapy 
has been initiated. 

Institute for Clinical Systems Improvement (ICSI) 

The Minnesota-based organization, sponsored by the 
major health plans in the state, provides an evidence-
based framework for the evaluation of treatment of 
patients. The 2003 ICSI guidelines18 indicate that 
“selection of appropriate diagnostic tests, as in all 
clinical situations, must take into account the 
estimated pre-test likelihood (prior probability) of the 
patient having OSA, the availability of credible 
diagnostic tests, and the local expertise in interpreting 
these complex physiological tests”. The guidelines 
state that in patients with a high pre-test likelihood of 
OSA, unattended portable recording for the 
assessment of obstructive sleep apnea is an 
acceptable alternative to standard polysomnogram in 
the same situations outlines by the AASM (above). 
The recommendation to reserve in-home ambulatory 
testing to patients for whom the probability of having 
moderate to severe obstructive sleep apnea is high, 
was justified by the number of false-negative results 
obtained by in-home studies when used in patients 
with mild to moderate apnea19. 

Validating the PAT Signal 

OSA testing using the new physiological marker, 
peripheral arterial tone, has been studied and reported 
in the literature since 1999. There is a growing body 
of published evidence that demonstrates that 
measurement and analysis of peripheral arterial tone, 
in conjunction with pulse rate, blood oxygen 
Saturation, body movement and related physiological 
indicators, provides accurate assessment of OSA, 
comparable in most instances to that of in-lab PSG. 
The new procedure utilizing PAT technology can 
monitor and identify overnight patterns of arousal 
and cardio-respiratory pathophysiology, and provide 
the physician with reliable information to accurately 
diagnose sleep apnea and other subtle sleep 
disordered breathing pathologies in the patient’s 
natural home setting 

The studies of Schnall et al20 and Lavie et al21 based 
on 42 OSA suspected adults demonstrated that (i) 
terminations of apnea events are associated with 
marked attenuation of pulse wave amplitude and 
transient relative tachycardia; (ii) PAT attenuations 
were associated with alpha activity coinciding with 
the onset of the vasoconstriction phase of PAT; and 
(iii) mean Apnea-Hypopnea Index (AHI) score, as 
measured by conventional PSG and by the PAT, 
correlates well, with R=0.92 (p<0.001). Taken 
together, these studies showed that the use of the 
specialized PAT finger plethysmograph facilitates the 
non-invasive detection of peripheral vascular 
responses to arousals in sleep disordered breathing. 

Ding et al22 validated vasoconstriction response to 
apnea by the PAT signal, by measuring it 
simultaneously with PSG, while administering 
oxygen and intraarterial infusion of alpha-receptor 
antagonist (phentolamine) during sleep stages 1 and 
2. 

Grote, Hedner et al23,24 concluded that PAT allows 
for a continuous and non-invasive measurement of 
digital blood flow changes, which are determined by 
adregenic alpha-receptor activation. The study 
validated the PAT’s utility in detecting autonomic 
sympathetic nervous system activation, and showed 
that sleep disordered breathing induced an arousal-
related attenuation of pulse wave amplitude. This 
study further demonstrated that vasomotion in the 
forearm vasculature is mediated by both alpha 
(constrictory) and beta (dilatory) sympathetic 
effectors, and is thus potentially capable of 
ambiguous and unpredictable response patterns 
during sympathetic activation due to the opposing 
vasomotor influences of the alpha and beta 
adrenergic effectors at the forearm. In 
contradistinction to this, the vascular bed of the 
finger is characterized by a tonic and phasic alpha-
receptor mediated control, allowing accurate and 
unambiguous identification of arousals mediated 
sympathetic activation by pulse wave amplitude. 

O’Donnell et al25 conducted a validation study 
demonstrating that the magnitude of reduction in 
PAT signal amplitude is dependent on the degree of 
airflow obstruction during sleep, and thus, greater 
obstruction is reflected in a greater reduction in PAT 
amplitude. Furthermore, the study also demonstrated 
that the PAT signal shows marked attenuation during 
the arousal from sleep, immediately after nasal 
pressure is restored, while the signal amplitude shows 
non-significant decrease in the absence of arousal. 

© 2003 Itamar Medical Ltd. 4 



 

  
 

 
 

  
 

  
 

 
 

 

 
  

 
 

  
  

 
 

 
 

    
 

  
 

 

 
  

  
  

 

 

 

 
  

 
 

  

        
 

 
 

 
 

 
 
 

 
 

 
 
 

   
 
 

 
 
 
 

  

 
  

 
  

 
 

  
 

  

 

 
 
  

Summary of Evidence 

Approval from the appropriate government 
regulatory bodies: 

FDA has issued 510(k) clearance authorizing clinical 
use and commercial distribution of the Watch-PAT 
100, consistent with its labeled indication. FDA’s 
determination was issued on November 6, 2001, 
reference number K010739. 

The approved indications for use are: The Watch PAT 
100 is a non-invasive home care device, intended for 
use as an aid in the detection of sleep related 
breathing disorders. It is indicated in cases of 
suspected sleep disorders. The Watch PAT 100 is not 
indicated for children less than 17 years old. The 
Watch PAT 100 is contraindicated for patients with 
latex allergy.  

The effect of the technology on health outcomes: 

In a published position statement by the AASM26, the 
authors refer to the many retrospective and matched 
control studies pointing to the fact that mortality 
appears to be related in a graded fashion to the 
severity of sleep-disordered breathing (SDB). 
Numerous papers reported that SDB also plays causal 
or contributing role in the development of co-
morbidities, such as hypertension and cardiovascular 
events. Untreated OSA is also associated with 
increased risk of motor vehicle and work accidents.  

In a two year study of 97 untreated sleep apnea 
patients, hospitalization days increased 2.8-fold 
compared to the control group. During that period, 
the OSA patients also incurred hospital costs of 
$100,000-$200,000 higher than the control group, 
and double the physician costs27. Another study of 
238 patients with OSA, compared to age and gender 
matched control subjects, showed that the magnitude 
of medical costs correlated with the severity of OSA, 
with mean medical cost prior to diagnosis of $2,720 
for sleep apnea patients vs. $1,384 for control 
subjects28. 

A study by Bahamman et al29 analyzed saving 
realized following medical intervention in 344 
patients with OSA. The author reported that in the 
two years following treatment, physician costs fell 
33%, compared to the two years period prior to 
intervention, and that duration of hospital days for 
OSA patients dropped from 1.27 days per-patient-
per-year to 0.54 days per-patient-per-year (p=0.01). 

Positive diagnosis of OSA enables physicians to 
initiate treatment. The most common and first choice 
treatment for patients diagnosed with sleep apnea is 
CPAP, a highly effective, noninvasive treatment. 
CPAP has been shown to reduce physiological and 
psychological associated morbidities in patients with 
sleep apnea. A study at Yale30 evaluated the impact 
of CPAP on quality of life of patients, showing 
marked improvement in vitality, social functioning 
and mental health. Other studies reported that treating 
OSA patients with CPAP may substantially reduce 
the negative effect on the cardiovascular system31. A 
recently published multi-center randomized clinical 
trial on 24 patients with CHF demonstrated improved 
heart function, decreased heart size, decreased blood 
pressure and decreased heart rate in the group treated 
with CPAP and medication, as compared to the group 
treated with medication alone, which showed no 
improvement at all32. Another study concluded that 
the magnitude of drop in blood pressure two months 
after starting CPAP treatment is predicted to reduce 
coronary heart disease event risk by 27% and the risk 
of cerebrovascular accident by 56%33. 

Chervin et al34 analyzed the cost benefits of 
conducting sleep study for the detection of OSA. The 
study concluded that compared to other medical 
procdures, the advantage gained by sleep study seems 
to be well worth the cost. The use of PSG costs less 
than $40,000 per quality-adjusted-life-year (QALY), 
compared to the cost of screening asymptomatic 
patients for carotid stenosis at $120,000 per QALY, 
and the cost of renal dialysis at $47,200 per QALY. 

Technology impact on health outcome 

Various portable monitors, predating the PAT 
technology, have been reported to lose data in 9% to 
33% of studies. Portier et al35 reported that in a series 
of 103 patients undergoing PSG at home and in the 
lab, 20% of home studies recordings were voided 
because of lost, or due to poor quality of recorded 
data, compared to 5% of data collected in the lab, and 
that for 33% of patients, home sleep studies were not 
feasible. Another study reported on a more recent 
technology used in attended sleep studies, and 
pointed to the fact that the device limits the 
information available to the diagnosing physician to 
summary data only, without providing visibility to 
the specific breath-by-breath data36. 

Reporting on a study of 37 adults, randomly selected 
from a population based cohort of 400 subjects, Grote 
et al37 reported a correlation of R=0.83 (p<0.001) 
between RDI measured by the WP100, and standard 
PSG. Sensitivity and specificity for the diagnosis of 
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OSA (defined in the study as AHI>20) by the PAT 
device were 92% and 70% respectively. 

Another study by Pillar et al38, including 35 OSA 
suspected patients, reported that the PAT can 
distinguish OSA with sensitivity of 100% and 
specificity of 80%. The correlation between the RDI 
measured by PSG and PAT was R=0.93 during Non-
REM sleep and R=0.79 during REM sleep. 

Pittman and Pillar39 reported the results of a multi-
center in-lab validation study of the WP100, 
including a sub-group of patients which was also 
evaluated in an unattended home setting. Data 
collected at patients’ home was analyzed by the 
automatic algorithms built into the WP100 system. 
Each home study was followed by one PSG 
overnight study in the lab as a control. PSG scoring 
followed AASM criteria. The results showed that 
RDI measured by the PAT device in the home 
correlated well with RDI measured in the lab, using 
PSG (R=0.74, p<0.0001). This seemingly not very 
high R value should be considered in light of the 
inherent inter-night variability of the number of sleep 
disordered breathing events40, and the fact that the in-
lab PSG studies and the at-home PAT studies were 
conducted on different nights. Using RDI>12 to 
define OSA, sensitivity and specificity of the PAT 
device were 93% and 80%, respectively. 

Benefit of the technology in comparison to 
established alternatives 

Bar et al41 studied 76 adults, including 69 previously 
diagnosed patients with OSA and 7 normal 
volunteers. Study consisted of simultaneous PSG and 
WP100 recorded in a sleep lab. The results showed 
high degree of correlation in RDI between the two 
modalities of sleep studies, with R=0.90 (p<0.0001).  

Schnall et al17 studied 42 adult patients with 
suspected OSA, and using an automatic analysis of 
the PAT signal and the pulse rate derived from the 
WP100, demonstrated high correlation between mean 
conventional AHI and mean PAT AHI, with R=0.92 
(p<0.0001). 

Ayas et al42 compared indices of autonomic arousal 
derived from standard PSG variables, and those 
measured by the WP100, are found the latter to better 
predict (i) subjective day-time sleepiness, as 
measured by Epworth Sleepiness Scale, (ii) quality-
of-life, as measured by Functional Outcomes of Sleep 
Questionnaire, and (iii) decrements in performance, 
as measured by Psychomotor Vigilance Test. 

Pillar et al43  studied 26 patients, presumably well 
treated with CPAP. Simultaneous recording of PSG 
and WP100 showed that (i) the WP100 accurately 
detected respiratory breathing disorders while the 
patient is on CPAP, and (ii) that 20% of the patients 
with moderate or severe OSA required a re-titration 
of their CPAP pressure. The authors suggested that 
considering the technical inherent difficulty in 
measuring nasal air flow while the patient is 
breathing through a CPAP nasal mask, the WP100 
would be an ideal device to conduct reassessment of 
treatment efficacy.   

Penzel et al44 studied 20 adults with suspected OSA, 
comparing changes in the PAT signal to the World 
Health Organization (WHO) criteria, and reported 
that PAT signal followed closely apnea-related 
changes in blood pressure.  

Pillar et al45, following a study including 68 adult 
patients, confirmed that the automatic analysis of the 
PAT signal derived from the WP100 device identifies 
arousals during sleep. Simultaneous overnight 
recordings of PSG and PAT signal showed a 
correlation of R=0.87 (p<0.001) between arousals 
determined by sleep specialists analyzing PSG 
recordings using criteria defined by the AASM, and 
the arousals identified by the WP100. 

In another study including 24 adults, Pillar, Shlitner 
et al46 concluded that the PAT detects sympathetic 
activations associated with microarousals during 
sleep. Arousals identified by PSG, using AASM 
criteria, and arousals recognized by PAT, highly 
correlated with R=0.95 (p<0.01).  

The improvement is attainable outside the 
investigational setting 

Duntly et al47 reported on a validation study using the 
WP100 device at the home setting. 56 subjects, tested 
in two separate centers, have undergone PSG and 
PAT study in a sleep lab (control), followed by 
unattended studies at home. PAT RDI was highly 
correlated to PSG RDI with R=0.87 (p<0.0001). 
Home studies were successfully collected in 91% of 
recordings, with Positive Predictive Value of 0.97 
and Negative Predictive Value of 0.80. 

Another study, reported by Ayas et al48, compared the 
results of 28 randomly selected patients undergoing 
unattended home sleep study using the PAT device, 
to results obtained for same patients in both PSG and 
in-lab PAT studies. The study concluded that the 
WP100 provides an accurate method to differentiate 
patients with and without OSA. Using RDI>16 to 
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define OSA, sensitivity was 85% and specificity 
87.5%. The study also documented 100% reliability 
of the PAT device, with no failure during data 
acquisition or data analysis. 

Proposed Guidelines for Using 
PAT Technology to Diagnose OSA 

Sleep studies can be done at patient’s home, without 
a technologist in attendance, as long as the study 
incorporates the following elements: 

1.	 Identification of respiratory disturbances 
through the monitoring of sympathetic 
activation and measurement of changes in 
peripheral arterial tone. 

2.	 Simultaneous measurements of arterial 
oxygen saturation and heart rate. 

3.	 Detection of sleep/wake states. 

The PAT technology should be an acceptable method 
for conducting sleep studies in an unattended setting, 
in the following cases: 

1.	 Rule out a questionable OSA diagnosis and 
thereby eliminate the need for 
polysomnography. 

2.	 Affirmatively diagnose suspected OSA and 
refer a patient for immediate treatment. 

3.	 When standard polysomnography is not 
readily available, and patient’s symptoms 
are severe, strongly suggesting a diagnosis 
of OSA requiring immediate treatment. 

4.	 When testing in a sleep laboratory is not 
possible because of the patient’s condition 
(e.g., patient is non-ambulatory or obese). 

5.	 As a follow-up study to evaluate the 
response to therapy after initiation of 
treatment or after a period of time to 
evaluate the stability of the treatment 

6.	 When testing by a sleep laboratory is not 
readily available in the patient’s locale. 

Summary 

The PAT technology has been studied extensively, 
with essentially all published studies reaffirming the 
efficacy of the technology in diagnosing OSA. Ten 
published studies, including a total of 743 patients, 
report mean correlation of R=0.86 between RDI 
measured by PSG and in studies using the WP100. 
The new technology has now been used in multiple 

clinical settings since its approval by the FDA in 
November 2001, demonstrating significantly better 
performance compared to previous devices used in 
unattended tests for OSA. Recording non-invasively 
Peripheral Arterial Tone (PAT) signal, together with 
simultaneous measurements of pulse oxymetry, heart 
rate and an embedded actigraph, enables reliable 
detection of sleep respiratory disturbances, as well as 
sleep/wake differentiation. These capabilities, 
coupled with a patient-friendly interface with the 
sensors and the device itself, have demonstrated in 
multiple reports close to 100% success in data 
acquisition in the unattended setting, with average 
reported sensitivity and specificity of 93% and 80%, 
respectively. 
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David Barone 
7 Walter Griffin Road 

Sharon, MA 02067 
davidbarone@comcast.net 

May 3, 2004 VIA E-MAIL and US POST 

Tiffany Sanders, MD 
Lead Medical Officer 
Centers for Medicare and Medicaid Services 

Re: Review of Guidelines for Continuous Positive Airway Pressure Therapy (CAG-
00093R) 

Dear Dr. Sanders, 

This letter is written in response to the pending review of the use of portable multi-
channel home sleep testing devices as an alternative to facility-based polysomnography 
required to initiate treatment for obstructive sleep apnea (CIM 60-17). 

I am the founder of a number of sleep diagnostic and treatment centers in Massachusetts, 
and continue to follow the sleep disorders and treatment field as a consultant to medical 
technology and healthcare organizations, including a number of companies directly 
involved in the field of sleep medicine. The facilities founded by myself, together with 
other clinicians, researchers and healthcare executives, are affiliated with a number of 
academic medical centers as well as community hospitals. Since the establishment of 
these facilities in 1998, we have successfully diagnosed and treated tens of thousands of 
patients; many of them are Medicare beneficiaries, with obstructive sleep apnea and other 
chronic sleep disorders. Our services entailed in-lab polysomnography studies, as well as 
using multi-channel sleep testing devices to diagnose patients at their homes. My specific 
experience in this area enables me to appreciate firsthand the benefits of treating affected 
patients, and the significant contribution of such services to public health. 

The debilitating effects of obstructive sleep apnea on patients’ quality of life, increased 
probability of accidents, increased cardiovascular disease and other morbidities, are well-
documented. There have also been many studies documenting the economic impact of 
undiagnosed sleep disorders on individual patients, as well as on society at-large.  

While the medical community and patients are now much more aware of sleep apnea, 
providers recognize that a large number of patients suspected of having sleep apnea are 
reluctant to undergo a study in a sleep lab. For many patients, especially Medicare 
beneficiaries, traveling to a sleep laboratory can also be a significant hardship, and as a 
result, they elect to refrain from following the orders to conduct such study. The 
prevalence of sleep apnea among aging patients is well recognized. Yet, partially due to 
current CMS guidelines, this patient population is under represented in the group of 
patients with sleep apnea actually treated for this disorder. 
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Numerous studies reported that the efficacy of diagnosing sleep apnea at patients’ homes, 
using multi-channel testing devices (categorized by the American Academy of Sleep 
Medicine as “Level III Sleep Study”), is similar to the efficacy of studies conducted in a 
sleep laboratory. It is certainly appropriate to point out that a number of studies reported 
various quality problems with portable devices, especially due to a sensor falling off 
during the night, compromising quality of recorded data. Other studies have pointed out 
the lack of specific information of sleep quality when conducting a home study, as most 
of the multi-channel devices utilized for such studies lack the ability to identify sleep 
states and sleep fragmentation. Yet, a number of new technologies introduced in recent 
years for the specific function of home testing, overcome such limitations. Published 
studies report high level of sensitivity and specificity, and excellent reliability of such 
new technology. Many devices provide accurate and detailed data on all interruptions to 
airflow (apnea events), and some also provide information on sleep and wake states 
during the study, even when such studies are conducted at patients’ homes, without the 
presence of a technician. A report summarizing the published evidence for one of such 
devices is enclosed with this letter. This report alone includes 48 relevant references. The 
cumulative body of information available within the literature provides ample support to 
the conclusion that we now have the tools to study accurately and reliably the presence 
and severity of sleep apnea in tests conducted at patients’ homes.  

Considering the available data, it is important that CMS modifies its current guidelines 
that require that any treatment for patients with sleep apnea follows a sleep study 
conducted in a sleep laboratory. This policy clearly restricts patients’ access to care, 
depriving Medicare beneficiaries of the ability to undergo efficient diagnosis and 
treatment for their sleep apnea disorder. 

The implications of current CMS policy on public health are very serious, as the agency 
directs beneficiaries to the most expensive testing modality. The significant amount of 
data published in recent years, and the introduction of technological advancements 
already approved by the Food and Drug Administration specifically for home studies, 
justifies the current review and supports revisions to current guidelines. In light of 
available data and cumulative experience gained by providers in recent years, I 
recommend that CMS modifies its guidelines to incorporate the following points: 

1.	 Patients that have no symptoms of sleep disorders other than sleep apnea, or 
patients in which sleep apnea must be ruled-out, can be tested either in a sleep 
laboratory (undergoing polysomnography study) or tested at other settings, 
including homes, as long as the multi-channel devices used in such diagnostic 
evaluations record, at the minimum, the presence and duration of sleep apnea 
events, oxygen saturation and sleep fragmentation.  

2.	 CPAP therapy or other treatments for sleep apnea will be covered following either 
polysomnography or a multi-channel sleep study, as long as patients do not 
present symptoms of other sleep disorders. 

3.	 Patients testing negative for sleep apnea using a home test, but continue to present 
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symptoms of hypersomnolence, should be referred to a sleep laboratory for 
further evaluation. 

4.	 Patients refusing tests in a sleep laboratory, or patients not able to undergo a 
diagnostic study in a sleep laboratory due to physical limitations, may undergo  
home studies, using multi-channel sleep testing devices that meet the 
requirements outlined above, including a determination of disruptions to airflow, 
oxygen saturations and sleep/wake states. 

By modifying its current guidelines, CMS will enable Medicare beneficiaries to undergo 
sleep studies that are more cost effective and more compatible with their medical needs. 
Home studies using multi-channel devices, approved for this purpose by the Food and 
Drug Administration, complement well the diagnostic tools available in sleep 
laboratories. The various sleep testing modalities clearly augment each other, providing 
physicians with multiple choices to diagnose their patients. Allowing home-based sleep 
studies will enable sleep laboratories to allocate a larger portion of their resources to 
those patients who are clearly indicated for more elaborate tests and to the management 
of treatments. Sleep laboratories will expand their diagnostic capabilities, and in 
collaboration with primary care physicians and other specialists caring for the patients, 
will be in a better position to conduct the optimal diagnostic modality.  

While the cost of conducting home studies is lower than in-lab polysomnography, it is 
extremely important that CMS does not create an economic disadvantage for providers 
offering home studies, and establishes reimbursement that recognizes the interaction 
required to properly evaluate and counsel the patient and to properly administer the sleep 
study, even when done at home. 

As the number of patients requiring treatments for sleep apnea continues to rise, 
modifying current guidelines will allow CMS to diagnose and treat more of its 
beneficiaries, improving healthcare resources utilization, without compromising quality 
of patient care. 

Sincerely, 

David Barone, M.Sc., MBA 

Encl.: Report “Watch-PAT 100: Review of Evidence”, Dec. 2003 
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Method. and re,ults We prospec:tively studied 54 patients (m~n age 57.H: 10.1 
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(n =21) or upper aIrway surgery (n =4); the remaining 29 patients declined t ...t­
ment fortheirOSA. The median follow-up was 86.5",39 months. The two groups were 
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OSA treatment, respectively (P < 0.01). OSA treatment sisniftcantly reduced the risk 
of occurl"l!!nce of the composite endpolnt (halard ratio 0.204j 95% confidence tnterval, 
0.09--0.62; p <0.01) and of each of its components. 
Conelusfom Our data ind1cate that the trelttment of OSA fn CAD patt~nb is associated 
with a decrease in the occurrence of new cardiovascular events, and an increase in 
the time to such events. 
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Benefits of obnructive steep apnoea treatment In c:oronary art~ry disea,,:e 

Introduction 

Obstructive sleep apnoea (OSA) is a common disorder 
characterist!d by episodes of upper airway ob5tr\Jctl0n 
during sleep that lead to repeated episodes of apnoea or 
hypopnoea l.sting 10 , or longer. A widely accepted 
definition of OSA i. an apnoea-hypopnoe. index (AHI) 01 
15 or more, AHI being the mean number of epiSode, of 
apnoea or hypopnoea per hour 01 sleep. In • prospective 
population-bosed stUdy, 9% .nd 4~ 01 middle· aged men 
and women, respectively, had an AHI greater than 15.' 
Several studies have found far higher prevalences, as 
much as 3O-50~, in patients with systemic hypertension 
or coronary artery disease (CAD).:W The association of 
OSA With CAD is not luUy explained by known con­
founding factors !uch as obeSity, age, and S~, and re­
search is produdng ito growing body of evidence 
,upporting a causal link between OSA and cardiovascular 
morbidity and mortality. 

Treatment of OSA with nasal continuou, positive air­
way pressure (nCPAP) ha, been shown to aUeviate day· 
time sleepiness, a frequent complaint of OSA patients, 
and to improve quality of lif •. Some studl .. suggest that 
nCPAP may reduce morbidity and mortaUty.'·' In patients 
free of hypertension or other r:ardiovascular disease at 
the iniUatl0n of treatment for OSA, Peker et at.' recently 
reported a signiflcant decrease in the Occurrence of 
cardiovascular disease as compared to patients with 
untreated OSA, In addition, a recent double-blind 
randomlsed study lound that diurnal Bnd nocturnal blood 
pressures dropped by approximately iO mm Hg alter 9 
weeks of nCPAP' This blood pressure-lowenng effect 
would be expected to signincantly diminish CAD event 
rates. However, the tong·tem effect of OSA treatment 
on cardiovascular event rates In patients known to have 
CAD at the time of OSA diagnosi, has not been evaluated. 

We therefore stUdied the impact of OSA treatment on 
cardiovascular outcomes of patients with CAD. To this 
end, we compared rates of new r:ardlovascular events 

over a 5-year penod in patients with treated versus un· 
treated OSA. 

Methods 

PatIents 

Rf'Crultmmt was I:Jt-ospecttve a,t our Institution between S@p­
tember 1991 and June 1999. All p8tl~nb admitted to th@ t.ar­
diotoi)' department for II selective coronary angiogram and 
found to have a st@nos.j'5 of ill major coronary artelY of 70~ or 
more were considered for the study. ReV'a,KUlar1satlol1 was 
performed by the i!Iottending cardiDlog:ist, If deemed necessary. 
The patfents were eU,ible ttlr the study If they wer~ ~ubse!· 
quently referred to our institution's sie@p laboralory for evalu· 
ation of symptoms consfstent With OSA and an AHI of 15 or more 
was found by overnight polysomnography, thlJ5 conftnnln!l the 
dialnosis. Pol.,.$omnography (PSG) was performed when lne pa­
tient waS In .. $tilble clinical condition (at least .. weeks after 
coronary angiography and hoSf:litilii discharg:e). Polvsomnolraphy 
was recorded with either a 16-channel polygraph a.t a char~ 
speed of 15 mm/s (RHsa 2000, Alv~r, Fran~e) or a computerised 

sleo@p recordinK s)'!tem (Medatee, Belgium). Theo recordings In. 
clUded a two-channel eltctroencephalogram, electro-oculo· 
gram, elec:troc:ardlog.ram, chin electromyogram! body pOsition, 
chest and abdomlr'liilll excursions, nan,l 8I"Id oral ,afrflow assessed 
by thermocoupllng or a nasal cannula, and oxyhaemoglobin 
saturation (tinier plJ\se OXImetry). Sleep staees were scored 
manually. Apnoe3 was defined as a. (amatlcn of oronasal airflow 
louting at l~il~t 10 $ and hypopno@a as a reduction by at least 50" 
in oronasal airflow, 115 ~ompared to thl! previous period of nor· 
mal breathing, la5bn~ Qt least 105: and fallowed by II transient 
EEG .rvusal. ElectrO~ephalographlc arousals 'were s~ored ac· 
cord\ns to stangard criteria pUblished by th@ Amer1ean Sleep 
Disorder Association. The AHI was calcu\a~d as the mean 
number of apnoea or hypopl'loea episodes per hour of steep. 

Risk factor definitions 

"Hvpertenston" was dMined as ~urrent us. of antihypertensive 
medications and/or 81 ret:ordln! during the hOSplt.1.1 stay of a 
1ystolic blood pressurw (SBP) value ;;'140 mm He and/or a dia­
stolic blood pressur~ (OSP) value ~90 mtn HI b&lnt measured 
with III standard sphY1mom.llnameter on three d\fferent OCCi­

sions, with the 1IJbject In supine position. Hypertension was 
considered uncontrolled when SSP was ~140 mm HI8I1(!/or DBP 
$1;90 mm He at tile end of the study follow-up period. 

Hypercnolesterolaaomia was defined DS ClJrrent use of cho· 
testerol·lo'Werine medici-ticns and/or a total dlolllt1terol valu~ 
>5.2 mmol/I and/or an LDl-cholesterol vlllue ,,3.4 mmotll in a 
plasm.a sample drawn afttr an overnight f~t. Uncontrolled hy· 
percholes.terolaemla was deftned n a total 'hol~Uerol valu. 
>5.2 mmatll and/or an LDL·chole5terol valllil >1.4 ITlmolll at 
the end of the study follow·up period. 

Dlabet~s m@Ltitus was deAned as .II need for In'$l,llin or oral 
hYPoflycumic agents or as a fasttne blooct ilucose concentra­
tion >7.0 mmollt on two separate oc~iUiDns. 

Exce55 weight was defined as a body mass Index (8MI) jl;25 
but <30 and obesity as II. ElMI ~30 kg:/m2. 

The subJect5 were classined as current smokers., fonner 
smok~ (dfflned as patients who stopp~ smoking at least ~ 
month1 before !rudy inclusion" and nonsmokers. 

Treatment of OSA 

All the patlehb were offered treatment for their OSA. Either 
upper airway surgery or nCPAP was ref;ommeonded, ac:~ording to 
the severity of OSA and results of the otominolaryngoiotic 
evaluation. The p!tienu wer@' divided Into ~o groups based on 
wheth@rthey accepted or refused trea~ment for their OSA. The 
treated troup comprised a.ll tile patltnts who Initially accepted 
treatment for OSA, incltJdln~ those who chanl@d their mind I~ter 
on ancl those who received n(PAP but t:ompll~ poorly With this 
treatment modality. Wnen nCPAP wa" recommended, tltratlon 
'Was performed in our slr:ep labor"tory, a~~Drdine to our usual 
manual standardised procedure. which Includes nCPAP moni­
toring. Compliance With n(PAP was estima.ted based on thE' time 
count@r on the devite Bnd on dinkal etrec[1veness. The On­
treated group was ,ompO~ed of the patients who refused 
treafment for rhl!!ir OSA fmm the outs.et.. 

Follow-up 

Follow-up started at the time of OSA diagnosis. Throughout 
follow-up, data. were gathered at 6-month Intervals, either 
durin! visits to the Cilrdlologist or by phone calls to the patient, 
relatives, orgen"ral practitioner. The foUowin!!llnformatlon was 
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collected; clirdilJYasculil/jr death (te., sudden cardiac death or 
death due ro myocardial infarction, unstabl4!' angina, heart 
falhJre, or Cilrdia~ arrhythmia). acut. I;oronary syndra~ (Is­
chaemk symptoms ilnd deovelopm@lnt of abnormal Q. waVeS cn 
the EKG, or EKG ch~nKes tndic:atinl Isc:haemla or total c:reatlhe 
kinase elevation to more than twtce- the upper limit o( norma.l), 
hospitalisation for heart failur@, and ff!o ....asculartsa.tion proce­
dures. When iI patient had more thin on~ c;oronary event during 
follow.up, only the first coronary event was used in the a.nalysis. 
Cardiovascular treatml!nts Were administertld at the- cardioiD. 
gist's discret'on. En~int cla.u.ifiution 'WiS mad., without 
knOWledge 01 the QSA treiJtment irouP. 

StatistIcal analysis 

Continuous var1able5 are presented as mean ± so or median (first 
quartile-third quartile). Groups wer@ compar8d for continuous 
varla.bles using the Studeont'~ t t~[1 or the MIInn-Whitn8Y flon· 
parametr1e cest when the frequency distribution was skewed. 
Categorical variablls Were compa.red using 7,1 statistlcs or the 
Fishlr exact lest.. CardiovBScula.r event·free sUrvNal cur¥t's 
w.'" calculaUPd with the Kaplan-Meier method and t"omparl!d 
With the log-nllnk test. All tests we,. two·slded. PrognoStic 
factors lissociated wIth a P value of less than 0.2 wert then 
Introduced in aCox proportiona.l hilZilrds moclel with de~,endinl 
!tepwise pro(:edure. Major Interactlons were explored. Final P 
values sm~Uer than 0.05 were considered statiStically sienUi­
cant. All a.nalyses were performed With 5taMtW ".5 software 
(Abacus, l3erkeley, CAl. 

Results 

Between September 1991 and June 1999, 54 patients 
fulfilled our entry critena and were tndud@d fn the 
stUdy. Among them, 25 accepted tre.tment for their 

Table 1 ChiliActeristlcs at the time of OSA dl8Jnosi~ 

OSA, either nCPAP (21 patients) or wrgery (turbinectomy 
in 4 patients, complemented by ethmoidectomy in 1 
patient and septoplasty in another), and 29 refused 
treatment. Reasons for refusal were concern that nCPAP 
would .dversely affect Quality of life and reluct.nce on 
thE! part of the general practitIoner. 

Clinical characteristics and cardiovascular features at 
the time of OSA diallnosls were sImilar In the two groups 
(Table 1). All the patients but one We", men. MaS! pa­
t;ents had cardiovascular risk factors and the proportions 
of patients with il positive smoking history I hypertension, 
diabetes meUitu$, hyperc:hoterterolaemfa, or obesity 
were similar tn the two groups, as Was the number of risk 
factors per patient (Table 2). In both groups, most pa· 
ti~nts had experienced several cardiovascular eventsj 
thus, 60% had a hIstory of myocardial infarction and all 
but one had und~rgone percutaneous transluminal coro­
nary .ngioplasty (PTCA) or coronary artery bypass graft 
(CABG).The left ventricular ejection fraction (lVEF) at 
baseUn~ WilS near normal in most patienl.$ in both groups, 
being below 35% In only 3 OSA·treated patients (3/25, 
12%) and 3 OSA·untr.ated patients (3/29, 10~). Median 
time Irom the diagnosis of CAD to the diagnosis of OSA 
was 16.0 months (range 6.25-53.75 months) in the OSA­
treated group and 19.0 months (range 10.75-33.75 
months) in the OSA-untreated group (P>O.05). The me­
dian time between the last coronary event and OSA di­
agnosis was 4 months (range 1.75-13.25 months) and 6 
months (range 1-13 months), respectfve{y, in the trea­
ted and untr ••ted groups (P > 0.05). The p"rcentage of 
patl~nts who underwent coronary revasc;ularisa.t1on at 
this time did not differ signlncantiy between the 2 
groups, being 88% and 86% in the OSA·treated .nd un· 

OSA-treated group, II"" 25 OSA,-untreated group, N ~ 29 

A.g~, Yeir 57.700 10.1 57.0± 10.2 
Sex, M/F 2-4/1 2910 
8M1, kgfm' 28.<:1:4.2 l8.2± 3.4 

No. of patienu (~) 
Tre8tmenb; 

Platll@t inhibItor 2~ (96) 28 (96) 
Beta-bleeker 16 In) 24 (8l) 
Statin 11 (+I) 9 (31) 
ACe- inhibitor 11 (+I) 9 (31) 
Catcium antagonists B(ll) 11 Il7) 

Pa.t1ents with previous 
Myocardial infarction 15,.0) 19 (65) 
PTCA 201'0) 28 (96) 
CABG 8 (32) 7 (24) 

LV ejectlol"l traction 57.5±1~.7 54.6±H.1 

Number o( vessels with CAD 
One 8 (l2) 11 (lB) 
TWo • /l~) 10/H) 
TIl,.. 11 1~4) 8 (27) 

P'luslmlnU$ vatUE'S ,ft Mel.nl± SD. 11Ietc "Nete no sttniticilnt dlfferenclI!'I betMen the two !l!rDups (rw lny of th~".rI ..bll!:Ii, Body masI Index (DMI) it 
'(he weight In kilOltams dMd!d by the square Df the tlfllN in ml!tt"'. ACE, 8n!iotensin-convcrtinll!l\Z)'rnCj CAD, corortary artery 4isease; PlCA, 
percutanl!OUI tranduminal coronlry 8niioplalty; CABG, corOf1ary aru-ry by-p~f rtlltt; LV, left Yl!ntrictc. 
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Tabl.. 2 Risk fauol'S at the time of OSA diagnosis 

OSA·treat@d group, 
N=25 

OSA-untr~aled groUp, 
Ii= 29 

BMI >30 kg/m' 
Curr.nt ~moker 
Hypetc;hote-sttrotiemla 
DI.abetes m@\Utus 
Hypertension 
Family history 0' CAD 

No. of pati~nrs (~) 
9 (36) 
6 (2~) 

19 (76) 
~ (19) 

10 (40) 
13 (52) 

9 (31) 
9 (31) 

20 (6!1) 
7(2~) 

15 (51) 
16 (55) 

Number of risk tactor~ 
On. 
TWo 

Four 

7 (28) 
10 (40) 
2(8) 
3 (12) 

7 !<i) 
1. (48) 
3(10) 
4114) 

treated group, respectively. There Was a nonsignific:ant 
trend loward • high .. proportion of CABG in Ihe OSA­
untreated group (20% vs. 13.6%). 

The seventy of OSA at baseline WilliS similar in the two 
sroups: mean AHI Was 33.7±16.8 and 29_0±12.8 
(P ~ 0.25). the lowest O2 saturation was 82 ± 8% and 
85 or 8%, and the percent of nocturnal sleep time spent 
wilh an a, saturation below 90% was 8.1 ±11.5% and 
4.5± 7.S% In the OSA-treated and OSA-untreated sroup" 
respectively. The oxygen desaturation (;l>4%) index did 
not differ between the 2 groups, with. median of 10lh 
(ranBe 2.1-21.0/h) versu, 2.15/h (range 0.4-12.9/h) In 
the OSA-(reated and 05A·untreated groups, respectively. 
However. there WillS a nonsignlficant trend toward a 
higher proportIon of patients WIth severe 05A IAH' >10) 
in the OSA·treat.d group (52% \IS. 44.8%). 

follow-up 

The medion duration of follow-up did not differ between 
the OSA-trealed and OSA-untreated sroups (median 
time: 86 months [range 62.75-96.00 months) and 90 
months [range 49.50-99.75 months]), respectively 
(p> 0.05). Durina follow-up, 3 patients who initially 

used nCPAP stopped Ihis treatment, 2 after 18 months 
and 1 after 5 yearsj these 3 patients were kept in the 
OSA-treated group for the initial analysis. 'n the re­
maining OSA·trea!ed patients, nCPAP Use was at least 3 h 
per night with a mean time of 5.7 ± 1.S h per night for 
the entire group. The therapeutic effect of nCPAP was 
assessed in 20 of the 21 patients treated WI!h nCPAP. all 
of whom had a mean AH' ,,10, wi!h a decrease from 
33.7:1:16.8/h at baseline to 3.9±2.9/h. Of the 4 pa­
t(ents treated ,urgically, one had an "HI of 0 and 2 had 
an AHI of 8; PSG could not be repeated in remaining 
patient. Polysomnography was not performed during 
follow-up in the BrouP in which OSA was nOI treated. 

At the end of foHow-up, neither cardiovascular 
treatments nor rt5k factor control differed signlficantly 
between the two groups (Table 3). As shown in Fie. 1, at 
least one c::ardiovascular event oc::c:urred dunng fotlow~up 
in 6 (24%) OSA-treat.d patients and in 17 OSA·untreated 
patients (58%) (P <0.01). The flrst cardiovascular event 
in the OSA~treated group Was acute coronary syndrome in 
5 patients and PICA in 1 patient (for a positive stress to,t 
wilhout symptoms); the flr>t event In the OSA-untreated 
group was cardiovascular death In 1 pattent, ho,pilal 
admission for heilrt failure in 1 patf@-nt, PTCA in 2 

Table 3 Risk factors and cardiovasCtllar treatments at tht end of fotlow-up 

OSA-treMed group, N =25 OSA-unm~at£ld group, N = 29 

8MI >25 kgll.,,% 
Current smoker 
Uncontrol'~d hypercholesterolaeml8 
Uncontrolled hypertenSIon 

Treatments 
Platelet Inhibitor 
Beta-blocker 
Startn 
ACE InhlbitQr 

Caldum antalonists 


29.1 ±1.9 

No. of patients (%) 
21 (83) 
~ (16, 
7(28, 
2 (8) 

2) (91) 

15 160) 
17 (6&) 

1~ (56' 
10 (~O, 

28.H3,. 

21 (71) 
6 (21) 
4 II., 
5 (17) 

2. (100) 
19(6.) 
22(76) 
17 (5') 
11(.5) 

ptus/mlnw v.lwo Bre mun$ ± SD. There were no slgnl1"cant differences between tt)c two IIrDIJ~5 for iny or the- vilrlablM:. Body trW:l Index (8MI) IS 
the 'W~iht In kltOirams dMded by ttle ,quare of th!!' hel!Jhl il't meters. At;i, iU'llrIotl!'Min-convertlng enzyme. 
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F1!1. 1 IGIptolln-Meier analytls: ~ent·free SurviVilI In ttle IIr(lups Iorith 
.n. without trtatment for obstructive sleep apnei. 

patien" (lor a positive stress test without symptoms). 
and acute coronary syndrome tn 13 patients. The 3 OSA­
Ireated pattents (ase, 41.45. and 67 years) with none of 
the risk factors listed in Table 2 remained event-free 
during follow-up, whereas the only OSAountreated pa­
lient (age 63 years) with no risk factors experienced 
unstable angina during follow·up. AU 3 cardfovascular 
deaths observed during follow-up were in OSA-untreated 
patients, 2 being preceded by a first coronary event. 

The time from OSA diagnosis to the first event was 
stgnificantly longer in the OSA-treated group than tn the 
OSA-untreated group (median time: 26.5 months [range 
17-31 monthS) 'S. 13.0 month' [4.75-24.75 months], 
respectively. P < O.OS}. 

One of the patIents who dIScontinued nCPAP alter 18 
months had 11 coronary eVent 13 months after stopping 
treatment. The other 2 rema1ned free from a new car­
diovascula,. event. When these 3 patients were excluded 
from the IIInalysts, the difference between 5UMvat free 
from new cardiovascular event remained slgnlfk:ant 
(P<O.oI). 

We tested separately hypertenSion, currt~nt smoking, 
hypercholesterotaemiCl, diabetes meUltus, age >60 
years. 8MI >25 kglm'. Alii >30. ~VEF <45~ as predictors 
of coronary events. M the P~values were <0.2 for BMI, 
hypertension, hypercholesterolaemia, age, AHI, and OSA 
treatment, we introduced them in a Cox model in order 
to adjust treatment effect on these prognostiC ractors. In 
tho final model, only treatment for OSI. had a sisnificant 
influence on the survival free of a new coronary event, 
The risK for experiencing a cardiovascular event during 
follow-up was signtficantly decreased in the OSA·treated 
group as compared to the OSA-untreated group (hazard 
ratio 0.1'-; 95% tonfident;e fnterval, 0.09-0,62, 
P < 0.01). 

Discussion 

The main finding of our study Is that the treatment of 
OSA in CAD patients was assodated with a significant 
decrease tn cardiovascular events, defined as cardlovas· 

cular death, acute coronary syndrome, hospitalisation 
for he~rt failure, or need for coronary revasc:ularisat'on. 
In addition. the time to events was longor tn the group 01 
patiehts Who accepted OSA treatment. These data 
strongly suggest that OSA has a deloteriou, effect on CAD 
outtomes and that this @(feet ciln be abolished by spe­
cifk treatment. 

That OSA is assoc:iated with an increased risk of car~ 
diovascular events in CAD patients has beon reported 
previously_ Mooe et at.10 observed a 62% relative increase 
and a 10.1% absolute increase in a. composite endpofnt of 
cardiovascular even~ (death, cerebrovascular events, 
and myocardial tnfan:tion) in patients with CAD and OSA 
durtng a median follow-up of 5.1 years. In a 5-year pro­
spective follow· up study, OSA Independently predtcted 
cardtovascular mortality after an acute coronary syn­
drome and WiJs assoc:iated with a ]-fold in.crease in the 
nsk of death after adjustment for other risk factorl. " 
Simflarly, W~ found a 3~fald inaease in cardiovasc:utar 
events in patients with untreated OSA as; compared to 
treated patients. 

The worSe c;ardiovascular outcomes In CAD patients 
with OSA cannot be entirely explained by the effects of 
risk fac;tors associated with OSA. suth as age and obesity. 
Each apnoeic episode is associated with artt!rial oxygen 
desaturation, which causes ~mpathetic system averac· 
tivity that is responsible for tachycardia and transient 
S8P elevation. 12 Thus, large oscfllations in systemtc 
blood pressure and episodes of hypoxia-re~genation 
occur repeatedly throughout the nia:ht. The increase in 
myocardial 01 consumption due to tachyc;ardia and SSP 
elevation .t a time When the O:z supply ts decreased can 
be e)(pected to be particularly deleteriOUs in patients 
with CAD. Indeed. nocturnal myocardtal Ischaemlc 
events commonly occur durinB the rebreathlng phase in 
Apnoeic patient> with CAD."," Sympathetic activity, 
which rematns increased during the day in OSA patients 
as compared to nonapnoek: obese subjects of similar 
age,12,15 may contribute to the increased platelet actio 
vation and aggregation associated wtth OSA.,6-" Treat· 
ment with nCPAP redur;es sympathetic actiVity",,20 
diminishes platelet activation and ag~regation, and d~· 
creases nocturnal tschaemk events. 13 

Repeated episodes of hypoxia·reoxygenation may also 
result in oxidattve stress causing abnormal lipid peroxi­
dation,11 In patients with severe 05A, oxidation of tow 
density lipoprotein (~D~) particles normalises .fter 
nCPAP treatment. 21 Similarty, the increased production 
of reactive oxygen species In neutrophils and monocytes 
seen in DSA is normalised by nCPAp.22 Alto~eth.r. these 
data pOint to inc:reased oxidative stress in OSA, whic;h 
may result in endothelial dysfunctton"'''' and enhanced 
atherogeneSis, but responds favourably to nCPAP. 

Circulating levels of C·reactive protein, nbrinogen. 
and IL·6 are elevated in apnoeic patients and decrease 
signiftcantly with effeClive nCPAP. 25-21 Plasma levels of 
these markers for inflammatlon have been associated 
with mortality in patients with CAD. In addition. the 
expression of soluble adhesion molecules has also been 
lound to be increased in OSA patients with or without 
CA01ll.JO and to be associated with an lncr@oased risk of 
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myocardial tnfarction tn apparently healthy men, AU 
the,. data are consistent with the hypothesis that the 
pathogenic effects of OSA may promote athoros<lerosis 
but may be reversed by effective treatment of the 
breathing dtsorder. 

However, djre~t demonstration of an independent 
role of OSA Is difficylt because cardiovascylar risk factor, 
such as obes1ty ane a"odated with OSA. Moreover, OSA 
has been identifled ., on independent risk factor lor the 
development of hypertensl0n11

- ll and is common in pa­
tients with uncontrolled hypertension.l-4 In additton, se· 
vere OSA predicts poor blood pressure control with 
medtcations15 and "(PAP may significantly lower both 
day-time and night~tlme blood pressure value!.' Inter­
esUngly, we found a trend toward better blood pressure 
control in OSA·treated patients, althoygh this variable 
was slmitar in the two groups at baseline. Therefore, we 
ca.nnot rule out the possibility that part of the reduction 
in cardiovascular events with OSA treatment was related 
to Improved blood pressure control. Thi, effect, logether 
with abolition of the ne~a.tlve intrathoracic pressure 
swings that accompany apnoea, may have sillnificantly 
reduced left vontr1cular aft.rload and myocardial 02 
reqUirement. 

The main limttations of this study are the absence of 
randomisation and the small nlJmber of patients. How­
ever, using sham CPAP during the long period needed to 
aUow assessment of dinical endpoints would b~ ethically 
questionable, The two groups did not differ significantly 
for known risk factors or trwatment during fonow·up, 
except for OSA therapy, but we cannot exclude that 
small dillerences lailed to reach ,tatistical significance 
because of the smatt size 01 the population. N.verthe­
I..., our flndings are strengthened by the fact that each 
component of the compostte endpOint (cardiovascul.1r 
death! acute coronary syndrome, hospitaUsation for 
heart failYre, PTCA, and bypass sU'!lery) was less com· 
mon 1n the treated than in the untreated group. 

This Is the nrst ,tooy, to our knowled2e, Indicating a 
beneficial effect of OSA treatment on event-free survival 
tn CAD patients, Although not randomlsed, OUr ,tudy 
strongly supports the importance of recognising and 
treating OSA in thi5 populatIon. 
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Controlled Trial of Continuous Positive Airway Pressure 
in Obstructive Sleep Apnea and Heart Failure 
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Obstructive sleep apnea (OSA) is highly prevalent among patients 
with congestive heart failure (CHF) and may contribute to progres­
sion of cardiac dysfunction via hypoxia, elevated sympathetic ner­
vous system activity, and systemic hypertension. Our aim was to 
assess the long-term effect of OSA treatment with nocturnal contin­
uous positive airway pressure (CPAP) on systolic heart function, 
sympathetic activity, blood pressure, and quality of life in patients 
with CHF. Fifty-five patients with CHF and OSA were randomized 
to 3 months of CPAP or control groups. End points were changes in 
left ventricular ejection fraction, overnight urinary norepinephrine 
excretion, blood pressure, and quality of life. Nineteen patients 
in the CPAP group and 21 control subjects completed the study. 
Compared with the control group, CPAP treatment was associated 
with significant improvements in left ventricular ejection fraction (  
1.5  1.4% vs. 5.0  1.0%, respectively, p  0.04), reductions in 
overnight urinary norepinephrine excretion (  1.6  3.7 vs. 9.9  
3.6 nmol/mmol creatinine, p 0.036), and improvements in quality 
of life. There were no significant changes in systemic blood pressure. 
In conclusion, treatment of OSA among patients with CHF leads to 
improvement in cardiac function, sympathetic activity, and quality 
of life. 

Keywords: congestive heart failure; obstructive sleep apnea; continuous 
positive airway pressure 

Congestive heart failure (CHF) remains common in western 
communities and contributes significantly to the burden of mor­
bidity and mortality (1). Cross-sectional results from the large 
Sleep Heart Health Study have shown a significant association 
between obstructive sleep apnea (OSA) and CHF (2). Moreover, 
the prevalence of OSA in a population with CHF has been 
shown to be as high as 40% (3–5). Factors associated with OSA, 
including systemic hypertension and obesity (2), are also associ­
ated with the development of CHF (6, 7) 

Emerging data suggest that OSA may not only be associated 
with but may also contribute to the progression of CHF through 
several mechanisms. Large epidemiologic (8), animal (9) and hu­
man intervention studies (10) indicate that OSA contributes to 
the development of systemic hypertension, a precursor of CHF. 
Recurrent hypoxemia, hypercapnia (11), and baroreflex inhibition 
resulting from repetitive surges in nocturnal blood pressure (12) 
may contribute to elevated sympathetic nerve activity, which is 

(Received in original form June 6, 2003; accepted in final form October 24, 2003) 

Supported by the Australian National Health and Medical Research Council (NH& 
MRC) and by an unconditional grant from ResMed. D.R.M. was a recipient of an 
NH&MRC scholarship. 

Correspondence and requests for reprints should be addressed to Matthew T. 
Naughton, M.D., Department of Respiratory Medicine, Alfred Hospital, Commer­
cial Road, Melbourne, Victoria 3181, Australia. E-mail: m.naughton@alfred.org.au 

This article has an online supplement, which in accessible from this issue’s table 
of contents online at www.atsjournals.org 

Am J Respir Crit Care Med Vol 169. pp 361–366, 2004 
Originally Published in Press as DOI: 10.1164/rccm.200306-752OC on November 3, 2003 
Internet address: www.atsjournals.org 

known to be cardiotoxic in CHF (13). Hypoxemia may also inde­
pendently lead to oxidative vascular wall injury (14, 15). 

Although there is an increasing understanding of the physio­
logic consequences of OSA, until recently little was known of 
the clinical response to OSA treatment in patients with CHF. 
Small case series and uncontrolled trials suggest treatment of 
OSA with continuous positive airway pressure (CPAP) in pa­
tients with idiopathic cardiomyopathy led to significant improve­
ments in heart function (16–18). Moreover, dogs exposed to 
simulated OSA develop left ventricular dysfunction (19). A re­
cently published randomized controlled trial by Kaneko and 
coworkers demonstrated a significant improvement in cardiac 
function associated with a fall in systemic blood pressure with 
1 month CPAP in patients with idiopathic and ischemic cardio­
myopathy (20). There are several mechanisms by which this 
improvement may have occurred. In human intervention studies, 
the application of CPAP has been shown to reduce left ventricu­
lar transmural pressure gradient (21) and cardiac sympathetic 
tone (22) in patients with CHF and reduce systemic blood pres­
sure (10) in patients with OSA. 

The aim of this study was to measure the medium-term effect 
of treating OSA with CPAP on left ventricular systolic function, 
sympathetic nerve activity, and systemic blood pressure as well 
as functional outcomes including quality of life and exercise 
performance. Some of the results of this study were reported in 
the form of an abstract (23). 

METHODS 

Eligible patients aged between 18 and 80 years, under the care of a 
cardiologist, had a diagnosis of symptomatic, stable, and optimally 
treated CHF. CHF eligibility criteria included New York Heart Associa­
tion Class II or greater and objective evidence of systolic dysfunction 
(left ventricular ejection fraction [LVEF]  55%). Patients were ques­
tioned for symptoms of snoring and one or more of excessive daytime 
sleepiness, witnessed apneas, or nocturnal choking. Suitable patients 
were invited to undergo screening overnight polysomnography, and 
those with an apnea/hypopnea index (AHI) of more than 5 obstructive 
events per hour were eligible to participate and be randomized. Exclu­
sion criteria included significant central sleep apnea (  20% events 
central in type), clinical evidence of neurologic disease, renal disease 
with serum creatinine higher than 150 mmol/L, or spirometric confir­
mation of pulmonary disease with forced expiratory ratio of less than 
70%. Patients with valvular heart disease were excluded. 

Protocol 

Consenting eligible patients were randomized to either 3 months of 
overnight nasal CPAP or to an untreated control group. All patients 
received lifestyle advice from the Australian National Heart Foundation 
guidelines (24) on diet, alcohol consumption, and on exercise for pa­
tients with CHF. The protocol was approved by the Alfred Hospital 
Ethics Committee (4/99), and all patients provided written consent. 

Fixed-level CPAP was titrated manually during overnight polysom­
nography and continued at the optimally determined fixed pressure for 
3 months (Autoset-T; ResMed, Sydney, Australia). All patients received 
one home visit and were contacted every second week by telephone. At 
3 months, patients underwent repeat measurements at the same time 
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of day. All patients underwent repeat overnight polysomnography: the 
treatment group on nasal CPAP. 

Measurements at Baseline and 3 Months 

At baseline and 3 months, patients underwent (1 ) right and left ventric­
ular nuclear gated scans (Starcam 400AC; GE Medical Systems, Madi­
son, WI), (2 ) symptom-limited incremental cycle ergometry (Sen­
sormedics 2900; Sensormedics Corp., Anaheim, CA), and (3 ) overnight 
collection of urinary norepinephrine (UNE) and arterial blood gas 
sampling (Model 865; Ciba Corning, Medfield, MA) at the time of in-
laboratory polysomnography (Somnostar; Sensormedics Corp.). De­
tailed methods for nuclear gated scanning, UNE determination, and 
polysomnography have been published elsewhere (25, 26). Quality of 
life was also assessed at baseline and 3 months using general (SF-36) 
and disease-specific questionnaires (Chronic Heart Failure question­
naire [27], New York Heart Association, Epworth Sleepiness Scale 
[28]). After a period of supine rest for 15 minutes, blood pressure was 
measured in a seated position using the average of three readings from 
a mercury sphygmomanometer. 

Statistical Analysis 

Statistical analyses were performed on the software package SPSS ver­
sion 10 (SPAA Inc, Chicago, IL). All data were normally distributed 
and are expressed as arithmetic mean  SE. The level of significance 
was accepted when the p value was less than 0.05. Outcomes were 
defined as the between-groups difference from baseline measurements 
and those recorded at 3 months. Two-way analyses of variance were 
completed for each of the independent variables. Post hoc analysis of 
covariants was performed for primary endpoints against AHI to mea­
sure effect of OSA severity on outcomes. Effect size was calculated 
from the difference in group changes divided by the pooled SDs of the 
groups at baseline. 

RESULTS 

One hundred fifty-six patients with a clinical diagnosis of CHF 
and a clinical suspicion of OSA underwent overnight polysom­
nography screening (Figure 1). Of the 156 patients, 35 did not 
have systolic heart failure with LVEF more than or equal to 55% 
and 43 failed to meet OSA criteria. Nine patients subsequently 
became unstable before randomization, and 14 declined partici­
pation. Fifty-five patients enrolled and were randomized (28 to 

TABLE 1. BASELINE CHARACTERISTICS 

Control Group CPAP Group 
(n  27) (n  28) p Value 

Age, yr 57.5  1.6 57.2  1.7 NS 
Sex, male:female 24:3 28:0 
BMI, kg/m2 34.6  1.2 33.5  0.9 NS 
LVEF, % 33.7  2.4 37.3  2.1 NS 
V̇ O2 peak, ml/kg/min 16.1  0.7 19.1  1.1 0.03 
NYHA class 2.4  0.2 2.5  0.2 NS 
Epworth Sleepiness Scale 9.2  0.9 10.7  0.7 NS 
AHI, events/h 28.1  3.9 28.3  0.4 NS 
Arousals, events/h 30.4  4.3 42.2  8.9 NS 
Minimum overnight SpO2

, % 77.3  3.2 79.3  2.2 NS 
TST oxygen saturation  90%, % 5.5 1.7 8.5  3.0 NS 
UNE, nmol/mmol creatinine 21.8  1.8 20.6  3.1 NS 
BP mean, mm Hg 107  3  99   3 0.05 

Definition of abbreviations: AHI  apnea/hypopnea index; BMI  body mass 
index; BP  blood pressure; LVEF  left ventricular ejection fraction; NS  not 
significant; NYHA  New York Heart Association; SpO2 

 oxygen saturation 
(pulse oximetry); TST  total sleep time; UNE  overnight urine norepinephrine 
excretion. 

CPAP and 27 to the control group (Table 1 and Table E1 in 
the online supplement). 

Fifteen patients failed to complete the trial (9 from the CPAP 
and 6 from the control group), leaving 40 patients for complete 
analysis. Seven patients withdrew from the study. In the CPAP 
group, two patients were intolerant of CPAP and withdrew, and 
two patients withdrew for personal reasons. In the control group, 
three patients withdrew for personal reasons. Three patients in 
each group became unstable and required a new class of therapy. 
In the CPAP group, one patient received cardiac transplant and 
2 patients received introduction of a new drug class likely to 
impact significantly on LVEF. In the control group, one patient 
received insertion of a biventricular pacemaker and two patients 
received introduction of a new drug class likely to impact signifi­
cantly on LVEF. Two patients with ischemic cardiomyopathy 
in the CPAP group died. One patient suffered sudden death 
immediately after a game of tennis, likely due to an arrhythmia. 
The second patient developed pacemaker lead failure from a 

Figure 1. Fate of participating patients. Bold boxes 
represent the patients who completed the study. 
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previously inserted biventricular pacemaker and died of cardiac 
tamponade after reinsertion of a pacemaker lead. Both patients 
had been compliant with CPAP and had symptomatically im­
proved. Thus, baseline versus follow-up data were available on 
40 subjects who completed the study (Table 2 and Tables E2 
and E3 in the online supplement). The severity of CHF and 
OSA were similar between the patients who completed the study 
and those who dropped out (Table 2 and Table E2 in the online 
supplement). Two patients (one in each group) in sinus rhythm 
at entry into the study were found to be in atrial fibrillation at 
the end of the study. They had not altered the drug class and 
were included in the final analysis. 

The two groups were similar at baseline including age, sex, 
body mass index, LVEF, and AHI for both the patients who had 
enrolled in the study and for those who had completed the study 
(Table 1 and Tables E1 and E2 in the online supplement). Com­
pared with the control group that completed the study, the CPAP 
group had a slightly greater V̇ o2 peak at baseline (Table 2). The 
mean CPAP pressure was 8.8  1.4 mm Hg, and the average 
nightly usage was 5.6  0.4 hours. CPAP therapy was effective 
in the treatment of OSA as demonstrated by a fall in AHI and 

rise in minimum oxygen saturation (pulse oximetry) (Table 2 
and Table E4 in the online supplement). There was an associated 
42% reduction in UNE, and the Epworth Sleepiness Scale score 
improved by 27%. There was a small reduction in AHI in the 
control group over the 3 months (p  0.02), which was not 
explained by changes in body weight, sleep quality, or position­
ing. This did not translate into changes in UNE or the Epworth 
Sleepiness Scale score (Table 2). 

Figure 2 and Table 2 show a significant improvement in the 
LVEF in the CPAP group compared with the control group 
( 5.0  1.0% vs. 1.5  1.4% respectively, p  0.04). There was 
however greater fluctuation in LVEF in the control group 
resulting from one patient with idiopathic cardiomyopathy show­
ing a spontaneous improvement of LVEF of 14% and another 
(who developed atrial fibrillation) with LVEF of 14% (Figure 
2). In contrast, the LVEF of a CPAP-treated patient, who also 
developed atrial fibrillation during the study, fell by 2%. Other­
wise, the CPAP group demonstrated a significant unidirectional 
shift to improvement (within-group comparison, p 0.001). The 
analysis of covariants was unable to show that AHI severity 
impacted on LVEF (R2  0.1, p  0.3). 

The CPAP group demonstrated improvement in quality of 
life as measured by both SF-36 and the Chronic Heart Failure 
questionnaire (Figure 3), whereas the control group remained 
unchanged. Neither was there any change in patients’ exercise 
performance determined by the cycle ergometry V̇ o2 peak in 
either group nor was there any significant change in the New 
York Heart Association class of either group (Table 2 and Table 
E3 in the online supplement). 

DISCUSSION 

We have demonstrated significant 3-month improvements in 
cardiac function and attenuation of sympathetic nerve activity 
associated with reduced hypoxemia with nasal CPAP treatment 
of OSA in patients with CHF, using a randomized controlled 
trial design. These physiologic improvements were associated 
with significant improvements in general and disease-specific 
symptoms of the quality of life. 

The magnitude of the change in LVEF in the current study 
is similar to (29, 30) or greater than (30, 31) other large CHF 
pharmacologic intervention trials that have shown important 

Figure 2. Display of left ventricular ejection fraction (LVEF baseline) and 
follow-up in control and continuous positive airway pressure (CPAP)– 
treated groups. Open circles represent idiopathic and closed circles the 
ischemic cardiomyopathies. There was significant improvement in LVEF 
in the CPAP group compared with the control group. Patients marked 
with an asterisk were in sinus rhythm at study commencement and 
found to be in atrial fibrillation at the end of the study. 
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mortality improvements. Given that the patients in the current 
trial were already on optimal medical treatment under the guid­
ance of a cardiologist, our findings indicate an advance in the 
treatment of patients with CHF. 

Our results confirm the recently published results by Kaneko 
and coworkers in which LVEF improved by 9% with CPAP in 
a 1-month controlled trial involving 24 patients with OSA and 
CHF (20). Our study included a larger sample size and was 
conducted on patients for a 3-month period. We explored mecha­
nisms by which cardiac function may improve by measuring 
surrogate measures of sympathetic nerve activity and assessed 
functional outcomes in terms of quality of life and exercise 
performance. 

The improvement in LVEF in the current study ( 5%) was 
not as great as that in the study of Kaneko and coworkers ( 9%). 
This could be explained by our group having less severe OSA 
(AHI, 26 vs. 42/hour) and higher baseline LVEF (35 vs. 28%). 
The mechanisms underlying the improvement in LVEF include 
the significant fall noted in sympathetic nerve activity, reflected 
by the 42% decrease in overnight UNE, in the CPAP group. 
Overnight UNE has been shown to correlate with plasma norepi­
nephrine, mean sleep heart rate, hypoxemia, and sleep fragmen­
tation (32). Sympathoexcitation is believed to have detrimental 
consequences on the failing heart (13). OSA contributes to sym­
pathoexcitation through ventilatory inhibition (33), hypoxemia, 
and hypercapnia (11). Furthermore, effective treatment of OSA 
has been shown to attenuate sympathetic nerve activity in previ­
ous studies of patients without CHF (33), whereas the current 
study is the first to show a fall in UNE in the setting of CHF 
and OSA with CPAP. Given the abolition of hypoxemia and 
the nonsignificant change in arousals, it is likely that the fall in 
UNE is related to abolition of hypoxemia rather than alterations 
in arousal frequency. 

An alternative mechanism through which OSA treatment 
with CPAP may improve LVEF is by inducing a fall in blood 

Figure 3. The SF-36 quality of life questionnaire. (A ) 
Note improvements in the eight domains of the SF­
36 questionnaire with significant improvements in the 
domains of physical role (*p 0.03), vitality (†p  
0.02), social functioning (*p  0.03), and mental health 
(‡p  0.01). Note also the calculated treatment effect 
size of 0.31 for physical function, 0.62 for physical role, 
0.37 for bodily pain, 0.38 for general health, 0.77 for 
vitality, 0.53 for social function, 0.36 for emotional well 
being, and 0.61 for mental health. (B ) The Chronic 
Heart Failure questionnaire. Mastery scale 4–28, dys­
pnea scale 5–35, fatigue scale 4–28, and emotional 
function scale 7–49. Note significant improvements in 
three of four domains (fatigue, †p  0.01; emotional 
well being, *p  0.02; and disease mastery, *p  0.02), 
with corresponding treatment effect sizes of 0.71, 0.46, 
and 0.47, respectively. The dyspnea domain did not 
significantly change, and the effect size was only 
modest (0.27). 

pressure. OSA has been causally linked to hypertension (10, 34). 
The current study, however, did not demonstrate a fall in awake 
blood pressure with CPAP treatment, suggesting that this mecha­
nism may be less important in improving LVEF over the time 
frame measured. We also surmise that the changes to LVEF are 
likely to reflect improvements in systolic function per se rather 
than a potential effect of reduced afterload and more favorable 
hemodynamics secondary to lowered blood pressure. Our blood 
pressure findings contrast with those reported in OSA with the 
study of Kaneko and coworkers (20) and studies of patients 
without CHF (10, 34). In these three studies, blood pressure was 
measured over varying time frames from 15 minutes (20) to 24 
hours (10, 34) with photoplethysmography (10, 20) or automated 
sphygmomanometry (34). In addition, all patients in the current 
study were on vasodilators, which may have blunted any addi­
tional effect of CPAP on blood pressure. 

We were unable to demonstrate a significant improvement 
in maximal exercise capacity with CPAP. This may be explained 
by the high baseline V̇ o2 peak, which would have limited the 
magnitude of any further improvement. Our group mean base­
line V̇ o2 peak of approximately 17.5 ml/minute/kg was similar 
to that reported in patient survivors with CHF (16.4 ml/minute/ 
kg) and was significantly greater than that of nonsurvivors (13.2 
ml/minute/kg) in a large prospective 3-year study (35). Alterna­
tively, the lack of change in V̇ o2 peak may simply have reflected 
the inflexibility of V̇ o2 to change with therapies, as illustrated 
by recent large -blocker studies in which several markers of 
exercise capacity did not change with -blockers despite im­
provements in LVEF and survival (29, 36). 

The responses to both quality of life questionnaires, the SF­
36 and Chronic Heart Failure questionnaire, revealed significant 
improvements across most domains in the CPAP group. The 
effect size of CPAP on quality of life observed in the current 
study, approximately 0.3 to 0.8 indicates a clinically important 
treatment effect (37). This represents a substantial improvement 
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in symptomatology, given that our patient sample was recruited 
proactively through heart failure clinics rather than patients pre­
senting of their own volition volunteering symptoms. 

Study Limitations 

First, although this was a randomized controlled trial, it lacked 
a placebo. Although placebo pills (37) and subtherapeutic or 
sham CPAP (38) have been administered in OSA trials other 
studies have used untreated control subjects (39), indicating a 
lack of consensus amongst clinicians conducting nasal CPAP 
trials. Given these difficulties and the fact that a recent metaana­
lysis suggested that placebo therapy has little benefit over un­
treated control groups (40), the control group in the current 
study was not offered placebo. As a result, the participants could 
not be blinded to treatment; however, the objective measure­
ments (LVEF, UNE) were analyzed by scientists blinded to the 
patients’ treatment status. 

Our study included only three females. Although there is a 
consistent finding among prevalence trials of OSA in CHF (3–5) 
of a very high male predominance ( 90%), caution should be 
taken when generalizing these results to all patients. 

We included a higher LVEF cutoff than other heart failure 
trials. The objective of this trial was to measure effects of alleviat­
ing OSA on systolic dysfunction. Unlike CHF trials including 
mortality or hospitalization rates, in which low LVEF cutoffs 
were required to attain sufficient endpoints, our objectives could 
be satisfied at higher LVEF ranges. We acknowledge that left 
ventricular diastolic dysfunction may have coexisted with systolic 
dysfunction and possibly contributed to our patients’ symptom­
atology, but it was not assessed. 

We included patients with mild OSA (AHI, 5–15 events per 
hour) on the basis of the results of the Sleep Heart Health 
study (2), demonstrating a relationship between CHF, other 
cardiovascular diseases, and AHI more than five events per hour. 
Thus, our results not only confirm the findings of the Kaneko 
study but also demonstrate generalizability to a more mild and 
clinically prevalent population. 

The study incurred a dropout rate of 27%. The reasons for 
dropouts are outlined in results. This dropout rate is similar 
to that experienced in other clinical trials of CPAP of 19 (34) 
to 47% (10). The study was limited by a higher than expected 
death rate and rate of other interventions initiated during the 
trial period that would have significantly impacted study end­
points. The latter outcome is explained by the vast array of 
therapeutic options available to clinicians for the management 
of CHF. In addition, clinical decision making was performed by 
cardiologists who were, in the main, not study investigators and 
were instructed in the study protocol that necessary additional 
interventions could not to be withheld for trial purposes. 

In summary we have demonstrated that CPAP therapy for 
moderately severe OSA in patients with CHF augments systolic 
heart function, restores normoxia during sleep, reduces sym­
pathetic nerve activity, and improves the quality of life. Further 
studies are required to assess the mortality benefits of this 
therapy. 
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Abstract 	 Objective: Insomnia is a prevalent sleep complaint which has been reported to 
be greatly associated with reduced health-related quality of life (HR-QOL) and 
increased healthcare resource use. This study documents the prevalence of in­
somnia, and its impact on patients' HR-QOL and healthcare resource use in man­
aged-care settings in the US. 

Design and Setting: A multi-site survey of 5 American Medical Group Associ­
ation® (AMGA) clinics was conducted. Each clinic mailed questionnaires to 1100 
randomly selected individuals enrolled in its healthcare system and distributed 
questionnaires to 400 individuals during a clinic visit and prior to seeing a phy­
sician. The questionnaire was a form of the Health Status Questionnaire with the 
well-validated Medical Outcomes Study 36-Item Short Form (SF-36) Health 
Survey, a 3-question depression screen, a sleep questionnaire, demographic vari­
ables, and questions about medical encounters and prescription and over-the­
counter (OTC) drug use. 

Main outcome measures and results: Approximately one-third of managed­
care enrollees in this study reported insomnia with daytime dysfunction. Indivi­
duals with insomnia reported lower HR-QOL scores and increased health care 
resource use compared with individuals with no insomnia. After controlling for 
demographic variables and comorbid conditions, the negative association of in­
somnia remained significant on all HR-QOL scores, emergency room visits, calls 
to the physician and OTC drug use. 

Conclusions: Insomnia is significantly associated with reduced HR-QOL and 
increased healthcare resource use in enrollees of managed-care organisations. 
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Insomnia affects over 60 million Americans ev­
ery year. [1] The condition has been reported to im­
pact many areas of an individual's life, including 
self-perception of health)2] Insomnia can nega­
tively impact an individual due to its conse­
quences during the day by decreasing quality of 
life in addition to diminishing length or quality of 
sleep. The disruptions of a person's functioning 
and well-being after nights of insomnia can be ob­
served in physical fatigue and psychological im­
pairmentP,4] Independent of other disorders, in­
somnia has been documented to impact negatively 
on daily life and health-related quality of life (HR­
QOL»)31 

To date, relatively little attention has been given 
to the impact of insomnia on the quality of an indi­
vidual's daily life. Although many self-rated ques­
tionnaires are available for assessing insomnia, 
these questionnaires concentrate mainly on the 
clinical characteristics of sleep such as sleep la­
tency and length of sleep rather than on HR-QOL. 
Rombaut et al.,[5] in a study to validate the Quality 
of Life of Insomniacs (QOLI) questionnaire, as­
sessed individuals with no insomnia and untreated 
individuals with insomnia. The questionnaire mea­
sured 5 domains (quality of sleep, quality of wak­
ing, physical well-being, mood and mental state, 
and relationships) and assessed the overall quality 
of life. In all 5 domains, scores of untreated insom­
niacs were significantly different (p < 0.0001) 
from those of noninsomniacs, indicating that indi­
viduals without insomnia had a better quality of life 
than those with the condition. 

Insomnia affects not only HR-QOL, but also 
healthcare resource consumption such as physician 
office visits. Individuals with insomnia frequently 
report persistent or recurring health problems and 
are hospitalised more often and for longer periods 
than individuals without insomnia)6] Kales et alP] 
showed that patients with chronic insomnia, on 
average, had been hospitalised 2.7 times compared 
with 1.4 hospitalisations for the control group 
without insomnia. A longitudinal study reported 
that over a 4-year period, 53.2% of poor sleepers 
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had been hospitalised 1 or more times compared 
with only 39.9% of good sleepers; and 24.8% of 
poor sleepers had been hospitalised 2 or more times 
compared with 14.2% of good sleepers.lS] Insom­
nia has also been demonstrated to constitute a ma­
jor burden to primary-care physicians. One study 
showed that it caused a doubling of primary con­
sultations from a mean of 5.25 per year for good 
sleepers to 12.87 per year for individuals with mod­
erate to severe insomnia)9] Simon and VonKorff[lO] 
examined insomniacs in a primary-care setting and 
found that insomnia was associated with signifi­
cantly greater functional impairment, more days of 
disability due to health problems and greater gen­
eral medical use. These authors also showed that 
insomnia was associated with both depression and 
chronic medical illness, but adjustment for these 
factors only partially accounted for the associa­
tions between insomnia and healthcare resource 
use. 

The present study surveyed a randomly selected 
population of several managed-care organisations 
and results were used to concurrently examine the 
impact of insomnia on HR-QOL and healthcare 
resource consumption. Our hypotheses were that 
insomnia is associated with a reduction in HR­
QOL and that indi viduals with insomnia consume 
more healthcare resources [prescription and over­
the-counter (OTC) drugs, visits and phone calls to 
physicians, laboratory testing, emergency room 
(ER) visits and hospitalisations] than those without 
insomnia. 

Methods 

Study Patients 

This study was a multi-site survey of 5 Ameri­
can Medical Group Association® (AMGA) mem­
bers: Lovelace Health System (Albuquerque, New 
Mexico); Lewis-Gale Clinic (Salem, Virginia); 
Cleveland Clinic (Cleveland, Ohio); Sutter/CHS 
(Sacramento, California); and Geisinger Clinic 
(Danville, Pennsylvania). Each clinic mailed ques­
tionnaires to 1100 randomly selected individuals 
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enrolled in its healthcare system and distributed 
questionnaires to 400 individuals during a clinic 
visit and prior to seeing a physician. 

Survey Questionnaire and 
Data Compilation 

The questionnaire was a 2-page, double-sided 
scan form of the Health Status Questionnaire with 
the well-validated Medical Outcomes Study 36­
Item Short Form (SF-36) Health Surveypl] a 3­
question depression screen, a sleep questionnaire, 
demographic variables, and questions about medi­
cal encounters, prescription and OTC drug use. The 
data were compiled and analysed by the Quality 
Management and Research Department at AMGA. 

Based on a preliminary analysis of data reveal­
ing similarities of findings, responses to mail sur­
veys and clinic surveys were pooled for this study. 
The sleep evaluation section of the questionnaire 
contained 3 categories of questions dealing with 
sleep loss, daytime sleepiness, and night-time dis­
turbances, each of which consisted of 5 items. De­
tails of the questions have been described else­
where.[12] Using the responses to the 5 questions in 
the sleep-loss category, 3 levels of insomnia were 
defined: no insomnia, level I insomnia and level II 
insomnia. Level I and level II insomnia were dis­
tinguished from one another by the presence of 
daytime dysfunction, i.e. level I insomnia was de­
fined as difficulty attaining or maintaining sleep 
and level II insomnia was level I insomnia result­
ing in daytime dysfunction. The levels of insomnia 
were defined based on consensus by sleep experts, 
including one of the authors (W.B. Mendelson). 

Responses to questions about prescription drug 
use were used as an index (proxy) for comorbid 
conditions. This comorbid index was divided into 
9 categories: 
• endocrine, nutritional, metabolic and immunity 
• circulatory system 
• respiratory system 
• musculoskeletal and connective tissue 
• genitourinary system 
• digestive system 
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• brain, nervous system and sense organs 
• infectious and parasitic 
• other. 

For drugs with multiple indications, the most 
common indication was used to determine the 
comorbid condition. Comorbid categories were se­
lected based on the International Classification of 
Diseases, version 9 (ICD-9). 

The frequency of medical encounters was deter­
mined by asking respondents how many times 
within the past 8 weeks they had been hospitalised, 
gone to an ER, visited their physician, called their 
physician for advice, had a prescription filled, 
bought OTC drugs and/or had a laboratory test. 

Statistical Analysis 

The various demographic and comorbid catego­
ries and insomnia levels were described in terms of 
percentages of respondents in each category. Mean 
scores in each of the 8 SF-36 domains and the 2 
summary scores [physical component summary 
(PCS) and mental component summary (MCS)] 
were calculated for each level of insomnia, and 
these means were compared using the Student's 
t-test procedure. 

Regression analysis was performed for all SF­
36 domains and summaries using demographic, 
comorbid category, and level I and level II insom­
nia variables. If a respondent had missing data for 
a domain, the mean domain score calculated from 
the remaining respondents was used in place of the 

Table I. Percentage of survey respondents (n = 3447) taking 
various categories of prescription drugs (comorbid category) 

Comorbid category % of respondents 
reporting 

Endocrine, nutritional, metabolic, immunity 8.3 

Circulatory system 21.4 

Respiratory system 7.6 

Musculoskeletal and connective tissue 8.6 

Genitourinary system 13.2 

Digestive system 4.9 

Brain, nervous system, and sense organs 11.4 

Infectious and parasitic 2.4 

Other 5.2 

Pharmacoeconomlcs 1998 Dec: 14 (6) 
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Table II. SF-36 scores for respondents with no insomnia, level I insomnia, and level II insomnia 

Domain/summary Mean score 

no insomnia (n = 1867) level I insomnia (n =464)a level II insomnia (n = 1116)b 

Physical functioning 86.80 83.07C 79.04c,d 

Role physical 82.94 81.11 65.63c,9 

Bodily pain 75.73 72.21 
' 

60.93M 

General health 76.84 73.4~ 62.20°,9 

Social functioning 88.83 88.39 70.58°,9 

Vitality 64.30 64.43 44.64°,9 

Role emotional 88.25 86.13 67.09°,9 

Mental health 79.35 79.76 63.51°,9 

Physical component summary (peS) 50.50 48.72c 46.31°,9 

Mental component summary (MCS) 52.80 53.37 43.5~,9 

a Difficulty attaining or maintaining sleep. 

b Level I insomnia resulting in daytime dysfunction. 

c Significantly different from no insomnia, p < 0.001. 

d Significantly different from level I insomnia, p < 0.01. 

e Significantly different from level I insomnia, p < 0.001. 

Significantly different from no insomnia, p < 0.01. 

SF-36 = Medical Outcomes Study 36-ltem Short Form (health survey). 

missing value. Similarly, mean income, age and ed­
ucation values calculated from the remaining re­
spondents were substituted for these missing de­
mographic values. Ifeither gender or marital status 
data were missing, the respondent was not included 
in the analysis. Analysis of variance (ANOVA) was 
performed on the regression coefficients, and sig­
nificance of F-test results was determined at the 
levels of p < 0.05, p < 0.01 and p < 0.001. 

The frequency of medical encounters was cross­
tabulated with insomnia level to determine the fre­
quency and percentage of each type of medical en­
counter associated with each level of insomnia. 
Logistic regression analysis was performed to exa­
mine the impact of insomnia on each type of medi­
cal encounter when other variables were control­
led. If the demographic variables of income, age or 
education were missing, the mean was substituted 
for the respondent. If gender or marital status data 
were missing, the respondent was dropped from the 
analysis. X2 analysis was performed on the regres­
sion coefficients and significance of results was de­
termined at the levels of p < 0.05, p < 0.01 and p < 
0.001. 

@ Adls International Limited. All rights reserved. 

Results 

Demographics of Respondents 

A total of7500 surveys were distributed by mail 
and in the clinics between May 1995 and January 
1996. Of the 5500 mailed surveys, 1740 responses 
were received, and of 2000 clinic surveys, 1707 
responses were received. The majority of respon­
dents were married (68.6%), women (61.9%) and 
Caucasian (80.9%); the largest age group represen­
ted was 41 to 55 years (32.3%). The demographic 
profile of the respondents is discussed else­
whereJ12] Table I shows the percentage of respon­
dents in each of the comorbid categories. The most 
prevalent comorbid category was circulatory sys­
tem problems followed by genitourinary and brain 
and nervous system problems. In the survey popu­
lation, 54.2% (n = 1867) of respondents had no 
insomnia, 13.5% (n =464) had level I insomnia and 
32.4% (n =1116) had level II insomnia. 

Insomnia and HR-QOL 

Table II presents mean scores for all SF-36 do­
mains, the PCS and the MCS for respondents with 
each level of insomnia. When comparing indivi-

Pharmacoeconomlcs 1998 Dec; 14 (6) 



tI:l@ Table III. Standardised regression coefficients for SF-36 domains and variables (n =3084) l+:» roQ. nin Variables SF-36 domain fir"5 
0 .......
m physical role bodily general social vitality role mental physical mental 
......3 

Q functioning physical pain health functioning emotional health component component !:l 
(Jl 

0==0 summary summary
:J 
Q. (PCS) (MCS) 
r ~. 

~3" R2 0.2097- 0.1540- 0.1874- 0.2221" 0.2121' 0.2406- 0.1278- 0.2467' 0.2085- 0.2356­
C6' S· 
p. 

Demographics 
~ 

Agea -0.2688' -0.1412' -0.0742' 0.0050 -0.0002 0.0448-' -0.0236 0.0949- -0.1916' 0.1306­~ 
:J 
Cit Sexb 0.0824- 0.0118 0.0118 -0.0381"" 0.0182 0.0627' 0.0273 0.0394" 0.0201 0.0326 
(j) 

()Marital statusC 0.0125 -0.0064 -0.0224 0.0205 0.0494t -0.0092 0.0636' 0.0647- -0.0244 0.0623­~ 
< ~ 

>-t ro<ll Raced 0.0214 0.0265 0.0042 0.0320- 0.0550- -0.0121 0.0629' 0.0339" -0.0005 0.0377-' p. 
Incomea 0.1281" 0.1051- 0.0864' 0.0934' 0.0851- 0.1036" 0.0470t 0.0748' 0.1169' 0.0561 t ~ 

>-t g.
Educationa 0.0869- 0.0254 0.0683' 0.1064' 0.0345 0.0244 0.0394t 0.0447" 0.0673' 0.0167 ro 

ro 
(JlSurvey type O.0487f 0.1103' 0.1087" 0.0573' 0.0875' 0.0426t 0.0461" 0.0617' 0.0876' 0.0412" 

Comorbid index categories8 

Endocrine 0.0071 -0.0240 0.0020 -0.0682' -0.0084 -0.0069 -0.0121 -0.0105 -0.0250 -0.0062 

Circulatory -O.0515t -0.0216 -0.0178 -0.1012- 0.0115 -0.0153 0.0333 0.0404*" -0.0849' 0.0441t 

Respiratory -0.0370- -0.0402- -0.0173 -0.0629" -0.0150 -0.0283 -0.0250 0.0027 -O.0515t -0.0079 

Musculoskeletal -0.1531" -0.1523' -0.2257' -0.1156' -0.1171- -0.0783- -O.0509t -0.0331" -0.2000' -0.0075 

Genitourinary 0.0333"" 0.0170 -0.0112 0.0109 0.0345" -0.0180 0.0109 0.0062 0.0102 0.0033 

Digestive -0.0582- -0.0348-- -0.0581' -0.0717' -0.0159 -0.0364" -0.0354" -O.041st -0.0540' -0.0242 

Brain -0.0605" -0.0849- -0.0701" -0.1258' -0.1446' -0.1186- -0.1148' -0.1570" -O.0536t -0.1540' 

Infectious 0.0074 -0.0554' -0.0147 -O.0493t -O.0474t -0.0194 -0.0096 -0.0103 -0.0236 -0.0238 

Other -O.0467t -O.0444t -0.0157 -0.0570" -0.0284 -0.0290 0.0200 0.0016 -0.0664- 0.0084 

Insomnia 

Levellf,g 0.0259 0.0288 -0.0162 -0.0161 0.0104 0.0148 -0.0126 -0.0031 0.0108 -0.0027 
\J 
:J 
Q Levelllf,h -0.1385' -0.1874- -0.2386- -0.2853- -0.3197' -0.3820' -0.2593" -0.3587" -0.1630" -0.3528" 
3 
a a Continuous.
0 
0 
<ll b 1 =male; 0 =female. 
0 

:J 
0 c 1 =married; 0 =not married. 
0 
3 d 1 =Caucasian; 0 =non-Caucasian. 
0 
en e For all categories, 1 =taking drug; 0 =not taking drug. 
<l 
0,() 1 =has insomnia; 0 =has no insomnia.c:> 
0 
<ll g Difficulty attaining or maintaining sleep. 
Q 

h Level I insomnia resulting in datime dysfunction. 

e 
:;: 

SF-36 =Medical Outcomes Study 36-ltem Short Form (health survey); * p < 0.001; ** P < 0.05; t p < 0.01. I ~ 
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Hospitalised ER visit· Physician visit* Call to Laboratory Any Any OTC 

Medical encounters 

Fig. 1. Insomnia and medical care encounters. a = difficulty attaining or maintaining sleep; b = level I insomnia resulting In daytime 
dysfunction; ER =emergency room; OTe =over-the counter; * = significant difference between no insomnia and level II insomnia 
only, p < 0.05; ** = significant difference between no insomnia and both level I and level I! insomnia, p < 0.05. 
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duals with no insomnia and those with level II in­
somnia, individuals with level II insomnia had sig­
nificantly (p < 0.001) lower scores in all domains 
and summary scores. Scores for individuals with 
level I insomnia were significantly lower than 
those for indi viduals with no insomnia in the Physi­
cal Functioning and General Health domains, the 
PCS (p < 0.001) and the Bodily Pain domain (p < 
0.01). No significant differences between HR­
QOL scores of noninsomniacs and level I insomni­
acs were found in any other domain. 

Results of the HR-QOL regression analysis are 
shown in table III. The 3 most profound variables 
influencing HR-QOL were level II insomnia, the 
brain and nervous system comorbid conditions and 
levels of income. Level II insomnia was highly sig­
nificantly (p < 0.001) associated with all SF-36 do­
mains, the PCS and the MCS. The brain and nerv­
ous system comorbid conditions category was 
highly significantly (p < 0.001) associated with all 
SF-36 domains and the MCS, and significantly (p 
< 0.01) associated with the PCS. Income was 
highly significantly (p < 0.001) associated with the 
MCS and all SF-36 domains except role emotional 
and the PCS, for which it was significantly (p < 
0.01) associated with. The musculoskeletal com­

70 

60 

.l!l 50 
c: 
Q) 

-g 40 
&. 
en 
~ 30 

?f!. 20 

10 

o.t...---­

II No insomnia 
• Levell insomnla8 

III Level II insomniab 

orbidity category also had a significant association 
with HR-QOL. It was highly significantly (p < 
0.001) associated with 6 domains and the PCS, and 
was significantly (p < 0.05) associated with 2 do­
mains. This category did not, however, have an as­
sociation with the MeS. Although the circulatory 
system and genitourinary comorbid categories 
were the 2 most commonly reported by the survey 
population, neither consistently influenced the 
HR-QOL. 

Insomnia and Healthcare Resource Use 

Figure 1 depicts the percentage of patients with 
each level of insomnia who experienced various 
medical encounters at least once in the previous 8 
weeks. Individuals with level II insomnia were sig­
nificantly (p < 0.05) more likely to have had an ER 
visit, physician visit, telephone contact with their 
physician, a laboratory test, a prescription filled 
and to have taken an OTC drug than were indivi­
duals with no insomnia. Furthermore, level II in­
somniacs were significantly (p < 0.05) more likely 
to have had an ER visit, physician visit and to have 
taken an OTC drug than were level I insomniacs. 
Level I insomniacs were also significantly (p < 
0.05) more likely to have had a laboratory test or a 

physician· test** prescription·· drug· 
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Table IV. Standardised regression coefficients for medical encounters and variables (n = 3084) 

Variables Medical encounter 

hospitalised a ER visita physician vlsita physician calla laboratory testa any prescriptiona any OTC drug 
takena 

Demographics 
Ageb 0.0425 -0.0567 0.0207 -0.0395 0.0844" 0.0346 -0.0785" 

Sexe 0.0010 0.0493 -0.0820' -0.1032' -0.0622" -0.0533t -0.0773' 

Marital statusd 0.0605 -0.1470t 0.0004 0.0012 -0.0058 -0.0322 0.0436 

Racee -0.0202 -0.0703 -0.0258 -0.0479 -0.0252 -0.0348 0.1051' 

Incomeb -o.1429t -0.0586 -0.0190 0.0092 0.0136 0.0444 -0.0258 

Educationb -0.0055 -0.1024t -0.0344 0.0726t -0.0209 -0.0076 0.1313" 

Survey type -0.0285 -0.2083' -0.1638' -0.1036' -0.0959' -0.1146 -0.0310 

Comorbid index categories! 

Endocrine -0.0003 0.0910t 0.0100 0.0342 0.0851' 0.1438" 0.0020 

Circulatory 0.1932' 0.1364" 0.1225" 0.0644t 0.1247" 0.3216" -0.0092 

Respiratory 0.0522 0.0811 t 0.0370 0.0350 -0.0500" 0.1838' 0.0583" 

Musculoskeletal 0.1623" 0.1396" 0.1144' 0.0505t 0.0786' 0.2035" -0.0004 

Genitourinary -o.1840t -0.1442" -0.0081 0.0253 -0.0064 0.2383" 0.0654" 

Digestive 0.0044 0.0541 0.0887' 0.0428 0.0468t 0.0482 -0.0110 

Brain 0.0607 0.0552 0.1254' 0.0934' 0.0397 0.2496' 0.0086 

Infectious 0.0190 0.0560 0.1274' 0.0619" 0.0762' 0.1805' 0.0094 

Other 0.0574 -0.0544 0.0798' 0.0515t 0.0917' 0.1743' 0.0159 

Insomnia 
Levellg,h 0.0031 0.0570 0.0178 0.0053 0.0269 0.0022 0.0559t 

Levelllg,1 0.0547 0.1604' 0.0288 0.1069' 0.0592" 0.0630" 0.1128" 

a 	 1 =had this medical encounter at least once; 0 =did not have this medical encounter. 

b 	 Continuous. 

c 	 1 = male; 0 = female. 

d 	 1 =married; 0 =not married. 

e 	 1 =Caucasian; 0 =non-Caucasian. 

For all categories, 1 = taking drug; 0 =not taking drug. 

g 	 1 =has insomnia; 0 =has no insomnia. 

h 	 Difficulty attaining or maintaining sleep. 

I 	 Level I insomnia resulting in datime dysfunction. 

ER =emergency room; OTC =over-the-counter; * p < 0.001; ** P < 0.01; t p < 0.05. 

prescription filled compared with individuals with 
no insomnia, 

Table IV shows results of the logistic regression 
analysis of medical encounters on variables inclu­
ding insomnia levels, demographic variables and 
comorbid categories. Level II insomnia had a sig­
nificant association with the extent of ER visits, 
physician calls, the consumption of OTC drugs, 
laboratory tests and having a prescription filled, 
The strength of association between level II insom­
nia and ER visits was greater than that for all com­

orbid categories, except musculoskeletal. Level II 
insomnia was also associated with OTe drug use 
more than all of the comorbid categories. 

Relationship Between HR-QOL and 
Healthcare Resource Use 

Comparisons were made on each of the domain 
scores of the SF-36 between patients with at least 
1 healthcare resource use encounter and those with 
no healthcare encounters, The results of the com­
parisons show that patients who had a healthcare 

© Adlslnternotlonol Limited. All rights reserved, 	 Phormocoeconomlcs 1998 Dec; 14 (6) 
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Table V goes as a landscape table here 

I!:> Adls International Limited. All rights reserved. 

encounter had significantly (p < 0.05) lower HR­
QOL scores in all but 1 category (OTe, physical 
functioning) as compared to those who had no 
healthcare encounters (table V). 

Discussion 

By demonstrating that individuals with level II 
insomnia have significantly lower SF-36 scores 
than those without insomnia, this study confirmed 
that insomnia has a marked adverse association 
with HR-QOL. In addition, comorbid conditions 
that affect the brain and nervous system also have 
a negative impact on HR-QOL. This may provide 
additional support for the often observed link be­
tween insomnia and mental health problems such 
as depression, although the causal relationship 
could not be explored in this study. 

The difference in HR-QOL impact between in­
somnia levels I and II could be attributed to day­
time dysfunction associated with level II insomnia. 
This observation provided further support to earlier 
observations that the most serious consequence of 
insomnia is the loss of well-being during the day 
rather than loss of sleep itself)3.4) 

The hypothesis that insomniacs are greater users 
of healthcare resources than noninsomniacs was 
also confirmed. Level II insomniacs were shown to 
be significantly more likely to have had medical 
encounters, with the exception of hospitalisation, 
than noninsomniacs. Level I insomnia did not have 
such a pronounced association with healthcare 
resource consumption except in cases oflaboratory 
tests and prescriptions filled, where level I insom­
niacs were more likely than noninsomniacs to have 
had an encounter. Because daytime dysfunction 
differentiates level II from level I insomnia, the 
implication here is that the daytime impact of sleep 
loss corresponds with the perception of having 
sleep problems, thus warranting a visit with the 
physician for this purpose. 

The use of prescription drugs as a proxy for 
comorbid conditions provided an unobtrusive and 
convenient means to establish the general health 
conditions and profiles for the surveyed popula-

Pharmacoeconomlcs 1998 Dec: 14 (6) 
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Table V, Mean SF-36 scores for respondents with and without medical encounters » I ~ 

0. 
u; 

:r Hospitalised ER visit Physician visit Physician call Laboratory test Any prescription AnyOTC drug 
cD 
3 yes no yes no yes no yes no yes no yes no yes no 
Q 

6' PF 68.69" 84.65 75.01' 84.77 80.01" 88.69 77.65' 85.54 78.73' 86.64 80.01" 89.45 83.53 84.26 ~ 
Q. 
r- RP 38.03' 78.84 54.46' 79.20 68.81' 87.62 SS.69" 81.78 66.64" 83.01 69.56" 88.11 74.92" 78.99
3" 
~ BP 51.99" 71.26 54.48" 71.77 64.85" 77.38 59.17" 73.28 64.27" 73.91 65.40" 77.79 67.10" 73.02 
fl. 

GH 61.03" 72.08 57.79" 72.68 67.79" 76.29 63.37" 73.58 67.07" 74.11 67.44" 77.77 69.53" 73.11 

<5­
~ 

-::r SF 59.00" 83.81 65.SS" 84.18 78.87" 87.70 71.12" 85.61 77.88" 85.41 79.08" 87.97 80.95" 84.07 
Cit 

CD VT 47.19' 58.35 46.15- 58.83 54.44- 62.17 50.06- 59.85 54.10- 60.Q1 54.73- 62.43 55.46" 59.64 
16 
:< RE 69.54" 81.45 66.SO· 82.16 77.75" 85.24 71.33" 83.28 76.25- 83.65 77.29" 85.90 79.19t 82.27<D 
Q. 

MH 70.6?t 74.35 65.30" 74.85 72.63" 76.20 69.00- 75.48 72.84- 75.10 72.69" 76.54 72.87- 75.28 

PCS 39.32" 49.30 42.94" 49.40 46.45- 51.87 44.52" 49.99 45.89' 50.50 46.59- 52.17 48.14" 49.49 

MCS 47.48t 49.90 44.85- SO.17 49.03" 50.80 46.81" 50.53 49.09" 50.29 49.01- 50.95 49.00- 50.43 

BP =bodily pain; ER =emergency room; GH =general health; MCS =mental component summary; MH =mental health; OTC =over-the-counter; PCS =physical component 
summary; PF =physical functioning; RE = role emotional; RP = role physical; SF = social functioning; SF-3S =Medical Outcomes Study 36-ltem Short Form (health survey); VT = 
vitality; * p < 0.001; ** P < 0.01; t p < 0.05. 
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tions. Relying on patient self-reports takes into ac­
count what drugs the patient is actually using and 
represents a trade-off to the rather more complex 
means of reviewing actual drug use from existing 
databases or medical charts. The latter normally 
underestimates the actual prescription drug use 
to the extent the patient might have gone outside 
the insurance drug plan to purchase prescription 
drugs. Also, although the study involved random 
sampling of 5 managed-care organisations, the re­
sults may not be generalisable to the general 
health maintenance organisation (HMO) popula­
tion. Additionally, the response rate for the mailed 
questionnaire was low compared with the clinical 
survey responses. These limitations need to be 
considered while interpreting the study results. 

Conclusion 

This study corroborates earlier findings regard­
ing the impact of insomnia on reducing HR-QOL 
and increasing healthcare resource use. In addition, 
indi viduals who have increased medical encoun­
ters and lower HR-QOL scores not attributed to 
other medical conditions may have insomnia, thus 
warranting further exploration by healthcare pro­
viders. The results of this study support that appro­
priate diagnosis and treatment of insomnia can 
have a positive impact upon the patients' quality of 
life and may reduce patients' consumption of 
healthcare resources. 
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Abstract 

Background: Insomnia is frequent in the general population and is often related to a psychiatric illness. However, little is known 
about how the chronicity of insomnia affects this relation and how often subjects with chronic insomnia have antecedents of psy­
chiatric disorders. Methods: A total of 14,915 subjects aged from 15 to 100 years representative of the general population of the 
United Kingdom, Germany, Italy, and Portugal were interviewed by telephone using the Sleep-EVAL system. The questionnaire 
assessed current psychiatric disorders according to the DSM-IV classification and a series of questions assessed the psychiatric 
history. Insomnia was considered as chronic when it lasted for 6 months or more. Results: The prevalence for insomnia accom­
panied with impaired daytime functioning was 19.1% and significantly increased with age. More than 90% of these subjects had a 
chronic insomnia. About 28% of subjects with insomnia had a current diagnosis of mental disorders and 25.6% had a psychiatric 
history. A DSM-IV insomnia disorder was found in 6.6% of the sample. Presence of severe insomnia, diagnosis of primary 
insomnia or insomnia related to a medical condition, and insomnia that lasted more than one year were predictors of a psychiatric 
history. In most cases of mood disorders, insomnia appeared before (> 40%) or in the same time (> 22%) than mood disorder 
symptoms. When anxiety disorders were involved, insomnia appeared mostly in the same time (>38%) or after (> 34%) the 
anxiety disorder. Conclusions: The study shows that psychiatric history is closely related to the severity and chronicity of current 
insomnia. Moreover, chronic insomnia can be a residual symptom of a previous mental disorder and put these subjects to a higher 
risk of relapse. 
# 2002 Elsevier Science Ltd. All rights reserved. 

Keywords: Epidemiology; Insomnia; Anxiety disorder; Depressive disorder 

1. Introduction 

Insomnia is a distressing and disabling condition that 
affects up to one third of the general population. Epi­
demiological and clinical studies have shown that a high 
number of insomnia subjects also suffer from a con­
comitant mental disorder mainly depression or an anxi­
ety disorder: between 40 and 60% of insomnia 
complainers fall into this category (Breslau et al., 1996; 
Buysse et al., 1994; Coleman et al., 1982; Ford and 
Kamerow, 1989; Hohagen et al., 1993; Mellinger et al., 
1985; Ohayon, 1997; Ohayon et al., 1997a; Schramm et 
al., 1995; Tan et al., 1984). Retrospective studies that 
examined whether the insomnia resulted from a sleep 

* Corresponding author. Tel.: +1-650-725-5920; fax: +1-650-947­

9813/725-8910. 
E-mail address: mohayon@stanford.edu (M.M. Ohayon). 

disorder or was a symptom of some other mental 
disorder have shown that the insomnia is mostly an 
associated symptom of the mental disorder and does not 
warrant a separate diagnosis of insomnia (Ohayon, 1997). 
However, how the chronicity of insomnia affects this 

relationship and how often chronic insomniac subjects 
have previously suffered from a mental disorder has 
been only minimally investigated. Results of long­
itudinal studies with individuals with insomnia sug­
gested that the maintenance of insomnia problems over 
the time increases the likelihood of developing a con­
comitant mental disorder (Breslau et al., 1996; Hohagen 
et al., 1993; Ford and Kamerow, 1989). However, the 
past history of the subject was not specifically investi­
gated in order to understand how chronic insomnia 
impacted psychiatric pathology. 
In this perspective, we investigated the psychiatric 

history of insomniac subjects in the general population. 

0022-3956/02/$ - see front matter # 2002 Elsevier Science Ltd. All rights reserved. 
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2. Methods 

2.1. Sample 

Subjects of the general population from four Eur­
opean countries were queried via the telephone about 
their sleeping habits, sleep symptoms and mental health 
status. To this end, four representative samples were 
drawn from the non-institutionalized population aged 
15 years or older of United Kingdom, Germany, Italy 
and Portugal. The targeted population consisted of 
166,990,882 inhabitants. All the samples were drawn in 
a similar fashion using a two-stage design. At the first 
stage, phone numbers were randomly pulled according 
to the geographic distribution of the population of each 
country using official census data available at the time. 
At the second stage, a controlled selection method was 
applied to maintain the representation of the sample 
according to age and gender. The Kish method (Kish, 
1965) was used to this end and served to select one 
respondent in each household. The interviewers col­
lected the age and gender of all eligible household 
members. The Sleep-EVAL system designated which 
family member should be interviewed using one of the 
eight Kish tables that was previously assigned to the 
household with respect to the prescribed proportions by 
Kish. If the household member thus chosen refused to 
participate, the household was dropped and replaced by 
another, and the process repeated. 
The surveys were conducted with the help of Poll 

Service Companies: British Poll Service (UK), Tele­
performance (Germany), Grandi Numeri (Italy) and 
Action (Portugal). The studies were approved by ethical 
and research committees of the Imperial College (Lon­
don, UK), Regensburg University (Germany), the San 
Rafaele Hospital (Italy) and the Hospital de Sta. Maria 
(Portugal). All these studies were strictly controlled by 
the research team of the P.I. (MMO). 
Verbal consent was required before interviewing the 

subjects. For subjects younger than 18, the verbal con­
sent of the parents was also requested. Individuals with 
insufficient fluency in the national language, with a 
hearing or speech impairment or with an illness pre­
cluding the feasibility of an interview were excluded. 
The participation rate was 79.6% in the UK (4972 of 
6249 eligible subjects), 68.1% in Germany (4115 of 6047 
eligible subjects), 89.4% in Italy (3970 of 4442 eligible 
subjects) and 83% in Portugal (1858 of 2234 eligible 
subjects). Overall, 14,915 subjects were interviewed. 

2.2. Instrument 

Lay interviewers performed the interviews using the 
Sleep-EVAL expert system (Ohayon, 1995a, 1999; Oha­
yon et al., 1997b). Sleep-EVAL is a non-monotonic, 
level-2 expert system. It has a causal reasoning mode 

and is capable of formulating diagnostic hypotheses 
that are validated or discarded through further queries 
and deductions. It is specially designed to conduct epi­
demiological studies of sleep habits and sleep and men­
tal disorders in the general population. Interviews 
typically begin with a standard questionnaire composed 
of sociodemographic information, sleep/wake schedule, 
physical health, and a series of questions related to sleep 
symptoms and mental disease symptoms. From the 
answers provided on these questions, the system elicits a 
series of diagnostic hypotheses (causal reasoning pro­
cess) that are confirmed or rejected through further 
questioning and by deductions of the consequences of 
each answer (non-monotonic, level-2 feature). The sys­
tem allows concurrent diagnoses in accordance with 
the Diagnostic and Statistical Manual of Mental Dis­
orders, forth edition (DSM-IV) (APA, 1994) and the 
International Classification of Sleep Disorders (ICSD) 
(Diagnostic Classification Steering Committee, 1990) 
classifications. The differential diagnosis process is 
based on a series of key rules allowing or prohibiting 
the co-occurrence of two diagnoses in accordance with 
the classifications implemented in the system. The 
interview ends once all diagnostic possibilities are 
exhausted. 
The system has been tested in various contexts; in 

clinical psychiatry, overall kappas between the diag­
noses of four psychiatrists and those of the system ran­
ged from 0.44 with one psychiatrist to 0.78 with two 
psychiatrists (n=114 cases) (Ohayon, 1995b). In 
another study that involved 91 forensic patients, most 
of the patients (60%) met criteria for a diagnosis in the 
psychosis spectrum. The kappa between diagnoses 
obtained by the system and those given by psychiatrists 
was 0.44 for specific psychotic disorders (mainly schi­
zophrenia). The latest validation studies were conducted 
with 105 patients at the Sleep Disorders Centers at the 
Stanford University (USA) and at the Regensburg Uni­
versity (Germany). Patients attending the Sleep Dis­
orders Centers were interviewed twice: (1) by a 
physician using the Sleep-EVAL system. These physi­
cians were blind to the diagnoses given by the Sleep-
EVAL system, (2) by a senior sleep specialist clinician 
using his/her usual practice and the results of poly­
somnographic examination to give one to three main 
diagnoses and one to ten main symptoms for each 
patient. This specialist was blind to the diagnoses made 
by the Sleep-EVAL system. The Sleep-EVAL diagnoses 
were later compared to those of the sleep specialists. A 
kappa of 0.93 was obtained between the Sleep-EVAL 
system and the sleep specialists for the diagnosis of 
Obstructive Sleep Apnea Syndrome. The sensitivity of 
Sleep-EVAL for OSAS was 92.5% and the specificity 
was 100%. For all types of sleep-disordered breathing, 
the sensitivity of Sleep-EVAL was 98.2% and the spe­
cificity was 95.1%. Agreement for insomnia diagnoses 
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was obtained in 96.9% of cases (kappa 0.78) (Ohayon et 
al., 1999). Another similar study was done with 72 
patients at the Sleep Disorders Center of the Toronto 
Hospital (Canada) (Hosn et al., 2000). The agreement 
between Sleep-EVAL and sleep specialists for obstruc­
tive sleep apnea syndrome attained a kappa of 0.92. The 
kappa on insomnia diagnoses was of 0.71. 
The duration of interviews ranged from 28 to 150 

minutes. The longest interviews involved subjects with 
sleep disorders associated with mental disorders. Inter­
views were completed over two or more sessions if the 
duration of a session exceeded 60 min. 

2.3. Variables 

Participants were submitted to an extensive interview 
that examined current mental health and explored 
DSM-IV mental diagnoses. Current use of psychotropic 
and other medications were also probed. Psychiatric 
history was investigated including questions about past 
use of medications to help sleep, to treat anxiety or 
depressive mood. A series of questions about past pro­
fessional consultations for a mental health problem and 
the type of problem were also asked. The sleep ques­
tionnaire instrument covered questions about sleep/ 
wake schedule, sleeping habits, sleep quality, sleep 
symptoms (insomnia, hypersomnia, daytime sleepiness, 
snoring breathing pauses during sleep, leg symptoms, 
etc.) daytime consequences of insomnia and daytime 
sleepiness, hypnagogic and hypnopompic hallucina­
tions, use of medication to improve sleep, medical con­
sultations for sleep problems and explored DSM-IV 
sleep disorders diagnoses and ICSD diagnoses. 

2.4. Group definitions 

To facilitate the presentation of the results, the 
insomnia subjects were divided according to the dura­
tion of their insomnia. An insomnia lasting for more 
than six months is considered as chronic condition. 
Non-chronic insomnia (lasting less than 6 months) was 
compared with chronic insomnia. The cut-off duration 
of 6 months for chronic insomnia was chosen based on 
the ICSD classification that divided the duration of 
most of its insomnia diagnoses in acute (less than 1 
month); subacute (1–6 months) and chronic (6 months 
or longer). The DSM-IV requests only an insomnia 
duration of at least one month without reference to a 
duration criterion for chronic insomnia. 
Insomnia was considered as present when the subject 

reported (1) difficulty in initiating or maintaining sleep 
or a complaint of nonrestorative sleep and (2) the 
insomnia was associated with impaired daytime 
functioning. 
Insomnia severity was assessed as a function of num­

ber and intensity of daytime consequences on functioning. 

Severe insomnia refers to almost daily severe impair­
ment of the functioning; moderate insomnia refers to 
almost daily mild or moderate impairment of the func­
tioning and mild insomnia refers to little or no impair­
ment related to insomnia. 

2.5. Data analyses 

The data were weighted to compensate for disparities 
between the sample and the national census figures for 
the non-institutionalized population aged 15 or over. 
Descriptive and qualitative variables were analyzed 
using the chi-square. Ninety-five percent confidence 
intervals (95% CI) were calculated for prevalences. 
Logistic regression was performed using the SUDAAN 
software that allows an appropriate estimate of the 
standard errors from stratified samples by means of a 
Taylor series linearization method. Reported differences 
were significant at 0.05 or less. 

3. Results 

The total sample was comprised of 14,915 European 
subjects, 52.1% are women. The mean age for men was 
42.99 ( 17.89) and 45.88 ( 19.07) for women. Young 
adults (15–24 year old) represented 17.5% of the sam­
ple. Individuals between 25 and 44 years of age 
accounted for 35.2% of the sample; those between 45 
and 64 portrayed 28.7% of the sample and those 65 
years and older represented 18.5% of the sample. 
Overall, 19.1% (95% confidence interval: 18.5– 

19.7%) of the sample reported to have at least one 
insomnia symptom and to experience daytime con­
sequences related to that symptom. The highest rate 
was observed in Germany (21.1%) and the lowest in 
Portugal (17.3%). Women more frequently reported to 
have insomnia than men (23.2 vs. 14.6%; odds ratio 
1.8 [95% confidence interval: 1.6–1.9]). The prevalence 
increased with age: it was 16.1% in subjects between 15 
and 24; 16.4% for those between 25–44; it increased to 
21.0% in those between 45 and 64 years of age and 
reached 24.1% in those 65 years of age and older 
(P< .0001). The prevalence of DSM-IV insomnia dis­
orders diagnoses was 6.6% (95% confidence interval: 
6.2–7.0%). 
The duration of insomnia symptoms and resultant 

consequences was less than 6 months for 1.5% (n=229) 
of the entire sample; 17.6% of the sample had a chronic 
insomnia (lasting at least 6 months). As can be seen in 
Fig. 1, nearly 8% of the population had insomnia for 
more than 10 years. Longstanding insomnia (more than 
5 years) was more prevalent in the subjects 45 years of 
age and older while insomnia of less than 6 months in 
duration was more frequent in subjects 15–24 years of 
age (Table 1). 
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Fig. 1. Prevalence of insomnia by its duration. 

Table 1 
Prevalence of insomnia and its duration by age groups and gender 

Duration of insomnia 

<6 months% [95% CI]a 6 months to 5 years% [95% CI] >5 years% [95% CI] 

Age groups 
15–24 3.5 [2.8–4.2]* 7.3 [6.3–8.3] 5.3 [4.4–6.2] 
25–44 1.4 [1.1–1.7] 6.3 [5.6–7.0] 8.7 [7.9–9.5] 
45–64 1.0 [0.7–1.3] 6.6 [5.9–7.3] 13.3 [12.3–14.3]* 
565 0.8 [0.4–1.2] 6.3 [5.2–7.4] 17.0 [15.6–18.4]* 
Gender 
Male 1.1 [0.9–1.3] 4.8 [4.3–5.3] 8.7 [8.0–9.4] 
Female 1.9 [1.6–2.2]* 9.2 [7.6–8.8]* 13.1 [12.3–13.9]* 

a CI=confidence interval. 
* P<0.05 with the lowest value in the same column. 

3.1. DSM-IV diagnoses 

When examining the duration of insomnia according 
to the DSM-IV diagnoses, it appeared that when the 
insomnia lasted less than 6 months, in 32.3% of cases a 
mental disorder was present (insomnia related to a 
mental disorder: 8.2%; DSM-IV mental disorder diag­
nosis: 24.1%). Twenty-eight percent of subjects for 
whom the insomnia lasted between 6 months to 5 years 
and 25.8% of subjects for whom the insomnia lasted 
more than 5 years (P< .05) had a psychiatric diagnosis. 
Short-term insomnia (<6 months) issuing in a DSM-IV 
diagnosis of mental disorder was more likely to occur in 
the youngest subjects. Insomnia lasting more than 5 
years was more likely to result in an insomnia disorder 

without mental disorders or in no diagnosis in the older 
subjects. 
Severe insomnia was more frequent in subjects with 

comordid major depressive disorder and anxiety dis­
order (44.6%) compared to subjects with only one 
mental disorder diagnosis (33.6%) or an insomnia dis­
order diagnosis (20.9%; P<0.001). 

3.2. Past psychiatric history 

Past anxiety and/or mood disorders were most fre­
quently observed in subjects with a current diagnosis of 
Insomnia related to another mental disorder (49.4%) or 
in those with a mental disorder diagnosis (mainly Major 
depressive disorder: 64.6%; Panic disorder: 60.6% and 
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generalized anxiety disorder: 43.6%). Subjects with a 
sleep disorder diagnosis not involving a mental disorder 
most frequently reported a history of previous sleep 
problems. 
Overall, 25.6% of insomnia subjects had a past psy­

chiatric history. This proportion was higher in insomnia 
subjects with a current mental disorder (47.7%) as 
compared with insomnia subjects without current men­
tal disorder (17.2%; P<0.001); only 8% of subjects 
without insomnia had a past psychiatric history. The 
duration of the insomnia complaint was related to the 
presence of a past psychiatric history only when a cur­
rent mental disorder was present (Table 2). Subjects 
with only insomnia symptoms (i.e. without current sleep 
or mental disorders diagnosis) had the lowest rates of 
past psychiatric history (Table 2). 
We also verified the order of appearance of current 

symptomatology. When it was a first episode of mood 
disorder, insomnia symptoms appeared before the mood 
disorder symptoms in 41% of cases; they appeared in the 
same time in 29.4% of cases and the mood disorders 
symptoms appeared first in 28.9% of cases. When there 
was a relapse of the mood disorder; insomnia was present 
before the relapse in 56.2% of cases; both symptoms 
appeared in the same time in 22.1% of cases; insomnia 
appeared after in 21.6% of cases. 
When we examined for anxiety disorders, the figures 

were slightly different. When there was no previous his­
tory of anxiety disorders, the insomnia appeared before 
the current anxiety disorder in 18% of cases, anxiety 
and insomnia appeared about in the same time in 38.6% 
of cases and anxiety appeared before insomnia in 43.5% 
of cases. When past history and current anxiety disorder 
were present, insomnia appeared first in 23.2% of cases, 
anxiety and insomnia appeared together in 42.5% of 
cases and anxiety appeared first in 34.3% of cases. 
Next, insomnia variables (diagnoses, severity, dura­

tion) were entered into a multivariate model to deter­
mine which of them are more likely to determine if there 
was a past psychiatric history. Results show that cur­
rently having a severe insomnia was the strongest factor 
indicating a past psychiatric history with an odds ratio 
of 5.8 (95% CI 2.4–14.0). The second strongest factor 
was having a diagnosis of primary insomnia or insom­
nia related to a medical condition [OR: 5.6 (2.3–13.8)]. 
Thereafter, it was having a moderate insomnia (i.e., 
nightly or almost nightly insomnia interfering moder­
ately with the daytime functioning) [OR: 4.1 (1.7–10.0)]; 
having insomnia lasting for more than 12 months 
[duration between 1 and 5 years and between 6 and 10 
years had each an OR of 1.3 (1.0–1.6); more than 10 
years: OR 1.4 (1.2–1.8)]. Finally, age [25–44 OR 1.9 
(1.6–2.3); 45–64 OR 2.7 (2.2–3.3);565 OR 1.6 (1.4–1.8)] 
and being a woman [OR 1.9 (1.6–2.3)] were also sig­
nificant factors related to the presence of a previous 
psychiatric history. 

4. Discussion 

Our study with a European sample of 14,915 subjects 
shows insomnia symptoms causing daytime con­
sequences occurred in 19.1% of the sample. In about 
85% of cases, the insomnia was chronic, lasting at least 
six months. Interestingly, chronic insomnia is observed 
in 12.6% of subjects between 15 and 24 years of age; 
5.3% of the young adults have insomnia for more than 
5 years. For many of these young subjects, the insomnia 
problem begun in the adolescence: one out of three said 
insomnia began in the adolescence and about one in ten 
said it began in the childhood. 
The question about the reliability of data collected by 

telephone could be raised. Previous studies using this 
methodology for data collection indicate that, in gen­
eral, telephone interviews are satisfactory, have good 
inter-rater reliability and have provided comparable 
results to that of other interview techniques (Rohde et 
al., 1997; Slutske et al., 1998). It should be kept in mind, 
however, that psychiatric history information is derived 
from cross-sectional data and therefore, it relies on the 
memory of the subjects. 
The results indicate also that nearly half of subjects 

with chronic insomnia have a past or a current mental 
disorder. Acute and sub-acute insomnia is more often 
related to a current mental disorder than chronic 
insomnia. However, subjects with chronic insomnia 
(lasting more than one year) more often have a psy­
chiatric history. Importantly, when a diagnosis of mood 
disorders is involved, insomnia appeared first in more 
than 40% of cases; when it is a relapse of the mood 
disorder, insomnia appeared first in 56% of cases. This 
is not the case with anxiety; in about 80% of cases, 
anxiety and insomnia symptomatology appeared either 
in the same time (about 40% of cases) or insomnia 
appeared after the anxiety disorder was developed 
(about 40% of cases). This is in line with results repor­
ted by the three longitudinal epidemiological studies on 
insomnia. These studies have shown the increased risk 
of developing a major depressive illness, within a 12­
months interval in two studies (Ford and Kamerow, 
1989; Roberts et al., 2000) and within a 3.5 years inter­
val in another study (Breslau et al., 1996), when the 
insomnia complaint is persisting over the time; the risk 
ranging from four to 40 times. Persistent insomnia was 
also associated with an increased risk of developing an 
anxiety disorder and abuse or dependence to alcohol or 
drugs (Breslau et al., 1996; Ford and Kamerow, 1989). 
These results are also in line with clinical observations 
of natural course of insomnia, which often begins with 
anxiety to finally results in clinical depression. 
A previous history of a mental disorder is closely 

related to the severity and the chronicity of current 
insomnia. The likelihood was near six times higher in 
subjects with a severe insomnia; four times higher in 
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Table 2 
Past psychiatric history by current DSM-IV diagnoses in participants with insomnia symptomatology and duration of insomnia 

Current DSM-IV diagnoses Insomnia duration Past psychiatric historyc History of sleep No past 
disturbances% (n) history% (n) 

Anxiety Mood Other mental 
disorder% (n) disorder% (n) disorder% (n) 

Insomnia disorder diagnoses <6 months (n=56) 9.5 (5) 10.8 (6) 1.2 (1) 20.6 (11) 75.4 (42) 
without mental disordersa 6 months–5 years (n=305) 8.7 (26) 7.9 (24) 1.5 (5) 10.3 (32) 80.7 (247) 
(n=816) >5 years (n=455) 10.2 (46) 6.0 (27) 1.1 (5) 19.0 (87) 75.7 (344) 
Insomnia related to another <6 months (n=19) 16.2 (3) 16.2 (3) 0 (0) 7.9 (1) 75.9 (14)** 
mental disorder (n=161) 6 months–5 years (n=60) 43.5 (26) 36.7 (22) 10.8 (6) 23.8 (14) 44.8 (27) 

>5 years (n=82) 47.2 (39)** 31.5 (26) 5.5 (4) 21.5 (18) 47.6 (39) 

Diagnoses of mental disorders <6 months (n=55) 17.7 (10) 28.9 (16) 1.5 (1) 13.4 (7) 65.6 (36) 
(n=612) 6 months–5 years (n=215) 26.6 (57) 25.9 (56) 1.9 (4) 18.1 (39) 61.4 (132) 

>5 years (n=341) 40.9 (140)* 39.1 (133)* 6.1 (21) 24.0 (82) 45.4 (155)* 
Major depressive disorder <6 months (n=55) 25.0 (7) 44.4 (12) 3.7 (1) 14.8 (4) 48.1 (13) 

6 months–5 years (n=85) 42.4 (36) 44.7 (38) 5.8 (5) 17.6 (15) 47.7 (41) 
>5 years (n=147) 57.1 (84) * 61.0 (89) * 6.1 (9) 30.6 (45)* 30.8 (45)* 

Bipolar disorder <6 months (n=16) 25.0 (4) 25.0 (4) 0 23.5 (4) 62.5 (10) 
6 months–5 years (n=62) 37.1 (23) 27.4 (17) 8.1 (5) 27.4 (17) 54.8 (34) 
>5 yrs. (n=79) 49.4 (39) 41.0 (32) 10.3 (8) 16.7 (13) 43.6 (34) 

Generalized anxiety disorder <6 months (n=6) 33.3 (2) 40.0 (2) 20.0 (1) 0 60.0 (3) 
6 months–5 years (n=28) 35.7 (10) 37.0 (10) 3.7 (1) 7.4 (92) 53.6 (15) 
>5 years (n=46) 39.1 (18) 37.0 (17) 8.7 (4) 19.6 (9) 54.3 (25) 

Obsessive-compulsive disorder <6 months (n=2) 33.3 (1) 50.0 (1) 0 33.3 (1) 50.0 (1) 
6 months–5 years (n=20) 50.0 (10) 45.0 (9) 15.0 (3) 30.0 (6) 50.0 (10) 
>5 years (n=25) 24.0 (6) 24.0 (6) 4.0 (1) 16.0 (4) 64.0 (16) 

Panic disorder <6 months (n=11) 18.2 (2) 36.4 (4) 9.1 (1) 36.4 (4) 40.0 (4) 
6 months–5 years (n=55) 56.4 (31) 41.8 (23) 9.3 (5) 32.7 (18) 32.7 (18) 
>5 years (n=88) 76.1 (67)* 63.2 (55)* 18.2 (16) 31.8 (28) 19.3 (17) 

Post-traumatic stress disorder <6 months (n=9) 11.1 (1) 11.1 (1) 0 11.1 (1) 70.0 (7) 
6 months–5 years (n=36) 25.0 (9) 27.8 (10) 5.6 (2) 19.4 (7) 61.1 (22) 
>5 years (n=36) 55.6 (20)* 52.8 (19)* 25.7 (9) 33.3 (12) 30.6 (11)* 

Any phobia disorder <6 months (n=35) 2.9 (1) 5.7 (2) 2.9 (1) 11.4 (4) 88.2 (30) 
6 months–5 years (n=102) 27.5 (28) 25.5 (26) 4.9 (5) 11.8 (12) 65.7 (37) 
>5 years (n=130) 36.9 (48) * 28.5 (37)* 5.4 (7) 24.6 (32)* 50.8 (66)* 

Insomnia symptoms and other <6 months (n=11) 0 (0) 0 (0) 0 (0) 0 (0) 95.7 (10) 
DSM-IV sleep disordersb 6 months–5 years (n=48) 6.9 (3) 5.2 (3) 0 (0) 18.5 (9) 76.5 (37) 
(n=175) >5 years (n=115) 6.1 (7) 2.8 (3) 1.8 (2) 11.5 (13) 84.9 (98) 
No diagnosis, insomnia <6 months (n=85) 4.7 (4) 6.7 (6) 0 (0) 4.8 (4) 87.8 (75) 
symptoms only (n=1024) 6 months–5 years (n=327) 4.4 (14) 5.3 (17) 0.5 (2) 7.1 (23) 86.9 (284) 

>5 years (n=612) 4.5 (28) 3.5 (21) 0.9 (6) 7.9 (48) 87.2 (533) 
No insomnia (n=12,127) 4.5 (528) 3.8 (452) 0.5 (56) 3.6 (439) 91.9 

a This category includes Primary insomnia, Substance-induced Sleep Disorder (insomnia type) and Sleep Disorder due to a general medical con­
dition (insomnia type) 

b This category includes: Dysomnia not otherwise specified, Breathing-related sleep disorder, Circadian rhythm sleep disorder, Narcolepsy, 
Parasomnias 

c A subject may have multiple past disorders. 
* P<0.01.
 
** P<0.05.
 

those with a moderate insomnia and about 1.4 times mental disorder (insomnia related to another mental 
when the insomnia lasted for at least 12 months. disorder or a mental disorder diagnosis) do not take any 
Insomnia lasting for more than five years with a current medication for the mental disorder (about 80%). A 
mental disorder is more likely to be associated with a consequence of this situation is the increased risk of 
past history of mental disorder. The results suggest that, relapse when the disorder remits spontaneously and a 
for these subjects, insomnia may have persisted after the longer duration of the illness when not treated. 
remission of the mental disorder. It may also indicate The results show insomnia and psychiatric disorders 
that subjects with a chronic insomnia and a past history interact in multiple ways. This is evidenced by the fact 
of mental disorder are at risk of relapse for the mental that ‘‘pure’’ insomnia is infrequent: only 2.4% of our 
disorder. Furthermore, most of subjects with a current sample met the DSM-IV diagnostic criteria of insomnia 
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and has no current or past history of mental disorders. 
Yet, the causal relationship between insomnia and psy­
chopatholgy is not fully understood. Two points need to 
be raised. First, insomnia is part of the mood disorder 
symptomatology and of some anxiety disorders. Conse­
quently, there is the possibility that insomnia could be 
the most apparent manifestation of the disorder and 
that its presence or absence would not change the evo­
lution of the psychiatric disorder. Second, some clinical 
studies that investigated sleep changes in the course of 
affective disorders have found interesting results. Some 
findings indicated that persisting abnormalities in the 
EEG of remitted depressed individuals could be good 
indicators of a relapse (Grunhaus et al., 1994; Kupfer et 
al., 1990, 1991). In addition, self-reported sleep dis­
turbances could be a prodromal symptom of a first or a 
recurrent depressive episode (Fava et al., 1990; Perlis et 
al., 1997). 
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ABSTRACT 

Study Objectives: As part of the development of a portable cardio-respiratory system 

for detection of sleep-disordered breathing in the home, data gathered from the 

LifeShirt® (LS) system were compared to that from traditional polysomnography (PSG) 

in a laboratory environment and then again in the home to ascertain (1) the degree of 

concordance between the two and (2) to verify whether or not reliable data could be 

collected outside the laboratory. 

Setting: Tertiary care sleep center and in-home. 

Patients: Ten subjects were recorded for one night each during three different 

conditions, PSG in the lab (PSG), LS and PSG in the lab (LS-L), and LS at home (LS­

H). 

Measurements and Results: Total sleep time (p = 0.097), time in stage 1+2 sleep (p = 

0.245), time in stage 3+4 sleep (p = 0.633), REM sleep time (p = 0.157), and total 

awakenings (p = 0.364) were not different between PSG and LS-L.  No significant 

difference between the apnea/hypopnea index (AHI) as determined by PSG (28.2 + 

21.1/hr) LS-L (30.8 + 16.3/hr) and the LS-H (27.3 + 21.4/hr.) was observed. Oximetry 

data were not significantly different between the two devices (mean: PSG, 93 ± 5%; LS­

L, 92 ± 3%; and LS-H, 92 ± 3%; p = 0.41).  There was a strong linear relationship 

between PSG and LS-H and PSG and LS-L for AHI (r = 0.96; p < 0.0001 and r = 0.82; 

p=0.004, respectively). Agreement for AHI was determined using the method of Bland-

Altman (bias = 0.848, SD = 6.41), as well as the concordance correlation coefficient (?c 

= 0.96). Sensitivity and specificity for detection of OSA were high, but varied slightly with 

the threshold definition used. For an AHI of > 5/hr, sensitivity and specificity were both 

100%; for an AHI > 15/hr, they were 87.5% and 100%, respectively. 



 

 

 

  

 
 

 

Conclusions:  In summary, a high degree of concordance between LS and traditional 

PSG was observed, suggesting that LS may be a viable option for the physicians  to 

consider for home detection of OSA. 

KEY WORDS:	 Polysomnography, Home Monitoring, Monitoring, Physiologic, 
Sleep, Sleep-Disordered Breathing, Cardio-Respiratory, Portable, 
Validation Studies 



 
 

 

  

   

 

  

 

   

  

 

 

 

 

   

 

 

 

INTRODUCTION 

Obstructive sleep apnea (OSA) is a common disorder, reported to affect 4% of 

the adult population [1], and is associated with daytime sleepiness, systemic 

hypertension, and cardiovascular morbidity [2]. Usually diagnosed by polysomnography 

(PSG) in the sleep laboratory, many individuals with OSA likely remain undiagnosed 

because of the costs and limited access associated with sleep laboratory analysis. 

Additionally, most sleep laboratories operate during the night and are, therefore, 

unavailable to accommodate individuals who do shift work. Thus, in-home sleep apnea 

tests have become increasingly available in response to the desire to reduce the cost 

and time to diagnosis of OSA. 

LifeShirt® (LS, VivoMetrics, Inc; Ventura CA) utilizes respiratory inductance 

plethysmography [3, 4] and pulse oximetry i ncorporated into a comfortable Lycra shirt to 

collect respiratory and saturation data from patients sleeping in their home. The LS 

utilizes established technologies such as fingertip pulse oximetry, for data collection, but 

needs to be shown to provide as effective an evaluation of OSA in the home setting as 

polysomnography provides in the sleep lab. While less expensive, in-home data 

collection is potentially vulnerable to variability in equipment set-up, protocol 

compliance, and patient behavior when compared to data collection in the more 

controlled environment of the laboratory. The present study was undertaken to compare 

the results for standard measures of sleep time and OSA related disturbances obtained 

from traditional polysomnography with the LifeShirt® in the laboratory and at home. 

In practice, the development of an inexpensive and reliable system that can be 

used in the home may help increase detection and treatment of sleep related breathing 

disorders in the general population. The LifeShirt® is such a system, employing the well­



 

 

  

 

 

 

 

 

  

 

recognized technique of respiratory inductance plethysmography (RIP) to assess 

changes in lung volume, and provide values for calibrated minute ventilation [5]. In order 

to determine the validity of this system for identification of OSA, we compared sleep 

related breathing  patterns in patients known to display OSA recorded by 

polysomnography in the laboratory and by the LS at home. 

METHODS 

Subjects 

Ten patients (8 men and 2 women; age, 48.8 ± 14.2 yrs; BMI, 32.4 ± 5.6 kg/m2; 

neck circumference, 41.4 ± 4.3 cm) who were clinically suspected of having obstructive 

sleep apnea (Table 1) were invited to participate from consecutive patients scheduled to 

undergo routine polysomnography during February and March 2002 at the clinic of the 

Sleep Disorders Center at the Dallas Veterans Affairs Medical Center (VAMC).  All 

patients scheduled for polysomnography were suspected of experiencing sleep 

disordered breathing.  Their clinical complaints of sleepiness were documented by the 

Epworth Scale [6] (13.4 ± 4.5). 

Protocol 

Subjects suspected of having OSA underwent sleep analysis under three 

conditions: (1) traditional polysomnography (PSG) carried out in the sleep laboratory; 

(2) modified polysomnography in the laborato ry, in which LS was substituted for the 

chest and abdominal expansion belts used in polysomnography (LS-L); and (3) sleep 

recording by use of the LS at home (LS-H). All three procedures were performed in 

random sequence and study nights were not separated by more than two weeks for any 

patient.  Details of each testing session are below.  Study procedures were explained to 



 

 

 

 

 

 

 

 

  

  

the subjects, who gave written informed consent for participation in accord with the 

Institutional Review Board of the Dallas VAMC. 

Study Procedures 

Apnea/Hypopnea Identification 

Respiratory events for PSG and LS studies were scored according to the criteria 

set forth by the American Academy of Sleep Medicine (AASM) [7]. An apnea event was 

defined as an airflow or tidal volume amplitude reduction of >75% from baseline with a 

duration of at least 10 seconds; or a less significant reduction in airflow or tidal volume 

amplitude, but the presence of an oxygen desaturation = 3%. A hypopnea event was 

defined in the same manner but utilizing a reduction of >25% from baseline in airflow or 

tidal volume amplitude. Apnea-hypopnea index (AHI) was the rate of apneas and 

hypopneas per hour of sleep. 

Laboratory PSG 

Laboratory PSG was performed in accordance with the standard operating 

procedures at the Dallas VAMC Sleep Laboratory overseen by an American Board of 

Sleep Medicine (ABSM) certified physician. Data collected included: two EEG channels 

(C3-A2 or C4-A1 and O1-A2 or O2-A1), two electro-oculographic channels (right outer 

canthus and left outer canthus), submental electromyogram (genioglossus), ECG, 

oronasal (thermistor) air flow, thoracic and abdominal effort, body position and pulse 

oximetry (Ohmeda, Biox, model 3700, Boulder, CO, USA). Polysomnographic 

recordings were scored manually and interpreted by a board certified 

polysomnographer for total sleep time (TST), total number of night time awakenings, 

and sleep staging at the Dallas VAMC Sleep Laboratory according to Rechtschaffen 

and Kales [8]. 



 
 

 

 

 

  

  

 

  

Home LifeShirt 

The LifeShirt system (LS, VivoMetrics, Ventura, CA, USA) is a portable system 

that incorporates two respiratory inductance plethysmographs (RIP) (thoracic and 

abdominal) sewn into a Lycra vest, a pulse oximeter (Nonin, Adult Flexi-Form II, Model 

7000A, Plymouth, MN, USA) an ECG, and an accelerometer. (FIGURE 1 ABOUT 

HERE) The rib cage-abdominal volume-motion coefficients for RIP signals were 

determined by the qualitative diagnostic calibration procedure (QDC) [9]. The sum of rib 

cage and abdominal signals were calibrated in absolute volume units (L) by a fixed 

volume calibration procedure. Overnight data from these sources were stored on a 

memory card in a small recorder unit. In the morning, the data were transmitted via the 

Internet to a data processing center, where it was checked for technical quality, then 

assessed clinically using proprietary software (VivoLogic®) which calculates values for 

traditional measures of sleep-related ventilation, including the apnea/hypopnea index 

(AHI) and measures of oxygen saturation. Time from “lights out” to “lights on” as 

recorded by the patient via the LS electronic diary was used as sleep time for the 

calculation of AHI for the LS at home night. A registered sleep technologist and a 

physician certified by the ABSM then reviewed the data. 

Statistical Analyses 

Statistical comparison of the scoring was performed by use of SPSS for Windows 

11.5 (SPSS, Inc., Chicago, IL, USA). The Pearson product-moment was used to 

evaluate the relationship between the calculations of AHI between the two devices. 

Agreement was assessed via the concordance correlation coefficient (?c), as validated 

by Lin [10], as well as, by the method of Bland and Altman [11]. Sensitivity and 

specificity were also determined. In consideration of the possibility that sensitivity and 

specificity might vary with the severity of the sleep-disordered breathing, the 



 

 

 

 

 

 

 

   

 

 

 

 

  

determinations were carried out using two different thresholds for a diagnosis of 

obstructive sleep apnea (AHI values of >5/hr and >15/hr).  Linear regressions were 

performed to demonstrate rela tionships between the various conditions tested. 

RESULTS 

EEG 

Total sleep time (TST), number of night time awakenings and sleep stage results 

for PSG and LS-L are contained in Table 2.  Simultaneous and synchronized EEG, 

EOG, EMG, and pulse oximetry were recorded during LS-L as described in condition 2 

above. Sleep scoring from the in-lab PSG and in-lab LS-L were compared. This 

comparison revealed no significant difference in total sleep time (PSG, 362.4 ± 40.6 

min; LS-L, 327.1 ± 64.8 min, p = 0.097) and number of awakenings (PSG, 38.7 ± 24.4; 

LS-L, 44.4 ± 35.7, p = 0.364) 

Apnea/Hypopnea/AHI 

Table 3 contains the absolute respiratory and EEG data for PSG, LS-L, and LS­

H.  No significant difference between the apnea/hypopnea index (AHI) as determined by 

PSG (28.2 ± 21.1/hr), LS-L (30.8 ±16.3/hr) and the LS-Home (27.3 ± 21.4/hr) was 

observed. 

As seen in Figure 2, a regression analysis indicated a highly significant 

relationship between the AHI as determined by PSG and LS-Home (r = 0.96). 

Spearman rank correlation (non-parametric correlation) revealed similar results (? = 

0.97). When agreement was expressed as a function of mean AHI i n a Bland-Altman 

plot, 8 of the 10 points fell within 1.0 SD of the mean bias, and there was no relationship 

between degree of agreement and the severity of sleep-disordered breathing when 

comparing PSG vs. LS-L (Figure 3A), LS-L to LS-H (Figure 3B), or PSG to LS-H (Figure 



 

 

 

 

 

 

 

 

 

3C). Sensitivity and specificity for determining a diagnosis of OSA varied slightly as a 

function of the AHI threshold utilized. For a value of >5/hr, sensitivity and specificity 

were both 100%. At AHI >15/hr, sensitivity and specificity were 85.7% and 100%, 

respectively. Consistency of the AHI analyses in the three conditions can be observed 

in Figure 4 where the regression results for each individual test are presented together. 

There were also no observed differences in mean pulse oximetry between PSG 

and LS-L (mean SpO2: PSG, 93 ± 5%; LS-L 92 ± 3%; p = 0.41). 

DISCUSSION 

There was a high degree of agreement between sleep disordered breathing 

results from recordings by laboratory polysomnography and the LifeShirt®  in this 

population of mostly middle-aged, somewhat obese patients selected because of a 

history suggestive of OSA. The accuracy of LS did not vary with the severity of sleep-

disordered breathing (AHI) as demonstrated with Bland-Altman analysis. Additionally, 

sleep time and distribution of sleep stages were similar suggesting that the LS provides 

equivalent results for these analyses. 

In considering the design of the study, there were several possible approaches 

for comparing the two systems. Ideally, one would record using both systems 

simultaneously. This would eliminate the possibility of spurious results due to night-to­

night variability in degree of sleep-disordered breathing. We chose not to do so, 

because of the physical difficulty of placing respiratory belts for polysomnography and 

LS on the patient together, and because of the possibility that in this situation (which 

would not be used clinically) the two might somehow interact. Rather, we chose to 

record on two different nights in two different settings (laboratory and home, 

respectively) in order to gain the advantage of testing the systems as they would be 

used in practice.  This decision allowed the possibility that night-to-night variability in 



 

 

 

  

 

 

severity of sleep-disordered breathing might result in a spuriously low agreement 

between the two methods.  However, there was a high degree of agreement between 

the two systems, in two different settings suggesting consistency in both sleeping 

pattern and performance of the LS and PSG.  It is unlikely that the error rates and 

direction would have coincidently occurred in such a way as to result in an inappropriate 

appearance of agreement. 

The night-to-night variation in OSA has been assessed in several studies. In one 

series, 46 patients with a mean age of 50 who were found to have an AHI > 5/hr were 

re-recorded; the rate of discordance between the two nights was 8% (4). The correlation 

coefficient for AHI between the two nights was 0.86. In middle aged volunteers, the 

correlation coefficient of the desaturation index (number of desaturations per hour) was 

found to be 0.79 (5). In healthy elderly subjects, the discordance rate, using a cutoff of 

AHI > 5/hr, has been reported to be 43% in a three night study (6). Thus, the degree of 

variability between the laboratory polysomnographic recordings and LS at home was 

substantially less than the expected night-to-night variability. These comparisons show 

that the LifeShirt® can be a useful addition to the physician’s armamentarium by 

allowing the detection of OSA in the home setting, thus avoiding the scheduling 

difficulties and inconvenience of using a traditional PSG sleep lab. 

Summary 

PSG and LifeShirt in the laboratory setting showed similar values for the main 

measures of sleep architecture. Similarly, PSG in the laboratory was concordant with 

both LS in the laboratory and LS at home for measures of sleep-disturbed respiration.  

While the LS didn’t incorporate EEG in the home condition (e.g., LS-H) at the time of the 

study it provided similar results for sleep disordered breathing utilizing patient recorded 

approximate sleep time.  Also, the LS did not appear to cause any sleep disturbance 



 

 

relative to the other conditions tested.  The LifeShirt appears to provide a reasonable 

alternative to the traditional PSG sleep lab for the assessment of sleep disordered 

breathing. 
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Table 1 – Characteristics and symptoms of subjects who completed the 
study. All values expressed as mean (±SD) unless otherwise stated. 

Characteristic Mean (SD) 

Age (yr) 

Weight (kg) 

Height (cm) 

BMI (kg/m2) 

Neck size (cm) 

ESS 

48.8 (14.2) 

102.4 (19.1) 

178.3 (14.2) 

32.4 (5.6) 

41.4 (4.3) 

13.4 (4.5) 

Symptoms # of patients reporting 

Loud snoring 

Witnessed apneas 

Non-refreshed sleep 

Night time arousals 

EDS 

Morning headaches 

9 

9 

9 

3 

8 

8 

n = 10 (8 men, 2 women) 
BMI = Body Mass Index 
ESS = Epworth Sleepiness Scale 
EDS = Excessive Daytime Somnolence 



 
  

  
  

 

    
   

 

   
    

 

   
    

 

   
    

 

    
    

 

 
 

 
 

 
 

         
           

           
          
          
          
          
          
          
          
          
          
           
           
           
           
           
           
          
          
          
          
          
          
          
          
          
          
           
           
           
           
           
      
      
       

Table 2 – Sleep time 
Comparison Mean 

(minutes) 
Std. Error of 

Mean 
P value 

TST PSG 362.4 13.55 0.097 
LS-L 327.1 21.59 

# of 
Awakenings 

PSG 38.7 8.13 0.364 
LS-L 44.4 11.88 

Stage 1+2 
Sleep 

PSG 243.7 9.48 0.245 
LS-L 222.4 17.47 

Stage 3+4 
Sleep 

PSG 60.9 11.56 0.633 
LS-L 64.9 12.26 

REM 
Sleep 

PSG 62.6 7.06 0.157 
LS-L 46.2 8.92 

TST – Total sleep time
 
NOTE: all comparisons included 10 pairs, except Stage 3+4 sleep which was based on 9 pairs.
 

Table 3 – Individual respiratory and EEG data for PSG, LS-L and LS-H 

Subject APNEA HYPOP AHI SpO2  TST Stage1+2 Stage 3+4 REM Awks 
events events events/hr % min min min min total # 

PSG 
1 110 117 34.4 90.7  278.0 242.5 3.0 32.5 30 
2 131 328 64.6 93.2  418.0 258.0 80.5 79.5 12 
3 48 297 49.3 87.0  362.0 232.0 81.5 48.5 25 
4 7 167 24.5 97.9  353.0 222.5 77.5 53.0 55 
5 183 246 55.0 94.0  383.5 302.5 N/A 68.0 49 
6 1 1 0.3 99.9  413.5 230.5 91.0 92.0 15 
7 122 85 24.9 86.8  360.5 279.0 20.5 61.0 101 
8 14 21 4.5 89.8  319.5 217.5 72.5 29.5 40 
9 25 35 8.2 96.4  343.0 250.0 25.5 67.5 32 

10 57 59 16.1 96.9  393.0 202.5 96.5 94.0 28 

Mean 69.8 135.6 28.2 93.3 362.4 243.7 60.9 62.6 38.7 
SD 59.4 112.4 21.1 4.3 40.6 28.4 32.7 21.2 24.4 
SE 19.8 37.5 7.0 1.4 13.5 9.5 12.3 7.1 8.1 

LS-L 
1 70 289 40.8 90.7  303.0 229.5 17.5 56.0 22 
2 247 184 49.5 91.0  450.5 338.0 47.0 65.5 18 
3 39 194 31.5 89.3  365.0 233.0 100.5 31.5 19 
4 89 209 42.0 91.3  310.5 177.0 95.5 38.0 43 
5 101 289 53.4 90.4  282.0 258.0 N/A 24.0 100 
6 5 28 4.5 96.3  366.0 149.5 122.0 94.5 17 
7 255 31 39.7 87.1  204.5 182.5 21.5 0.5 125 
8 99 77 24.1 95.4  268.0 169.5 43.5 55.0 39 
9 36 50 10.1 93.6  368.5 239.5 54.0 75.0 38 

10 45 51 12.3 93.2  352.5 247.5 83.0 22.0 23 

Mean 98.6 140.2 30.8 91.8 327.1 222.4 64.9 46.2 44.4 
SD 81.6 99.2 16.3 2.7 64.8 52.4 34.7 26.8 35.7 
SE 27.2 33.1 5.4 0.9 21.6 17.5 11.6 8.9 11.9 

LS-H 
1 
2 

117 
196 

239 
43 

37.9 
62.9 

90.3
91.2

 N/A 
N/A 

N/A 
N/A 

N/A 
N/A 

N/A 
N/A 

N/A 
N/A 

3 52 236 34.3 88.5  N/A N/A N/A  N/A N/A 



 
      
      
      
      
      
      
      
           
           
           
           

  
  
  
  
  
  
  
  
           
 

4 29 128 20.7 95.4  N/A N/A N/A N/A N/A 
5 293 211 63.0 91.0  N/A N/A N/A N/A N/A 
6 1 10 1.3 96.8  N/A N/A N/A N/A N/A 
7 183 69 29.6 88.8  N/A N/A N/A N/A N/A 
8 17 22 4.1 95.3  N/A N/A N/A  N/A N/A 
9 27 46 9.2 94.3  N/A N/A N/A N/A N/A 

10 56 63 10.3 92.3  N/A N/A N/A N/A N/A 

Mean 97.1 106.7 27.3 92.4
 
SD 92.1 85.5 21.4 2.8
 
SE 30.7 28.5 7.1 0.9
 

Hypop = total number of hypopneas 
AHI = apnea hypopnea index 
Mean SpO2 = mean arterial saturation as estimated by finger pulse oximetry 
TST = total sleep time 
Awks = total number of night time awakenings
PSG = polysomnography in the lab 
LS-L = PSG in lab with LifeShirt® 

LS-H = LifeShirt at home 
n = 10 



 
 

 
 

 
 

Figure 1 - A model wearing a LS system, which consists of a Lycra garment with two 
embedded respiratory inductance plethysmography bands, 3-lead single channel ECG, 
2-axis accelerometer and pulse oximetry. NOTE: this person was not an actual subject 
in the study. The figure is meant to give the reader a visualization of the portable device. 



 

 
 
 
 
 
 
 

 
 

 
 

 
 

 
 

40 

80 

60 

PS
G

 (e
ve

nt
s/

hr
) 

20 

0 

r = 0.96, ?c = 0.96 
y = 0.94x + 2.36 

0 20 40 60 80
 
LifeShirt (events/hr)
 

Figure 2 - Regression analysis depicting relationship between PSG (lab) and LS 
(home) with respect to the apnea/hypopnea index. Solid line represents the regression 
line. Hatched lines represent the 95% confidence intervals. 

n = 10 
r = Pearson-product moment 
?c = concordance correlation coefficient 
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Figure 3. Mean against difference plots for PSG, LS-L and LS-H.
LS-L = LifeShirt® and PSG in lab 
LS-H = LifeShirt® at home 
n = 10 for each comparison 
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Figure 4 - Regression analysis depicting relationship between PSG (lab) LS-L and LS-H 
with respect to the apnea/hypopnea index. Solid line represents the line of identity. 

LS-L = LifeShirt® and PSG in lab 
LS-H = LifeShirt® at home 
n = 10 per comparison 
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INSOMNIA 

Sleep in the Laboratory and Sleep at Home II: Comparisons of Middle-Aged 
Insomnia Sufferers and Normal Sleepers 
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IVA and Duke University Medical Centers, Durham, NC; 2Duke University Medical Center, Durham, NC; JVA Medical Center, Durham, NC; 

Study Objectives: The study compared adaptation responses and sleep 

pattern differences shown by normal sleepers and insomnia sufferers dur­

ing lab (LPSG) and home (HPSG) polysomnography. 

Design: A counter-balanced, matched-group design was used. 

Participants underwent 3 consecutive nocturnal LPSG's and 3 consecu­

tive nocturnal PSG's in their homes (HPSG's). 

Setting: The sleep disorders laboratories at affiliated VA and university 

medical centers. 

Participants: Thirty-five (18 women) middle-aged (40 to 59 years) non­

complaining normal sleepers and an age-matched sample of 33 (17 

women) individuals who met structured interview criteria for persistent pri­

mary insomnia were the study participants. 

Measurements and Results: Aseries of multivariate and univariate anal­

yses were conducted with 9 common sleep parameters to address study 

objectives. Bed partner influences were controlled by conducting sepa­

rate sets of analyses for those with and without routine home bed part-


INTRODUCTION 

INSOMNIA IS A HIGHLY PREVALENT FORM OF SLEEP 
DISTURBANCE THAT COMPROMISES THE HEALTH STA­
TUS, occupational pursuits, and social functioning of countless 
individuals worldwide. 1-6 Whereas insomnia commonly results 
from medical, psychiatric, and substance-abuse disorders, a sub­
stantial subset of insomnia sufferers experience sleep problems 
which develop and persist independent of such causes. Many 
who suffer such persistent primary insomnia (PPI) enjoy reason­
ably satisfactory mental and physical health, yet they incur sig­
nificant morbidity in association with their sleep complaints. 
Even when insomnia persists in the absence of co-morbid psy­
chiatric, substance abuse, or medical disorders, it may signifi­
cantly enhance subsequent risks for various psychiatric illness­
es,?-lO Furthermore, PPI may contribute to reduced productivity, 
work-related accidents, chronic hypnotic dependence, substance 
abuse, and increased health care costs/utilization.11-1 5 

Unfortunately, many studies conducted to improve our under­
standing of this form of sleep difficulty have produced rather per­
plexing results. 

Over the past several decades, numerous studies have 
assessed the nature and extent of sleep pathology associated with 
PPI. These studies compared results of laboratory polysomno­
graphic (LPSG) recordings derived from individuals with PPI 
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ners. The interaction of participant type (normal vs. insomnia), sleep set­
ting, and PSG sequence (HPSG 1st vs. LPSG 1st) affected first night val­
ues of sleep efficiency and stage 2sleep among those without routine bed 
partners, and REM latency and sleep efficiency among those with routine 
bed partners. Analyses which controlled for first night and sequencing 
effects showed a significant participant type x sleep setting interaction 
among those with bed partners. These latter analyses suggested that 
LPSG's may underestimate the home sleep time of insomnia sufferers 
and overestimate the sleep continuity of normal sleepers, at least among 
those who routinely sleep with a bed partner. 
Conclusions: The nocturnal recording site may influence adaptation 
effects and sleep pattern differences noted between insomnia sufferers 
and normal sleepers. 
Key words: Home- and laboratory-based polysomnography; insomnia; 
first night effects 

complaints and matched non-complaining normal sleepers.16-24 

Most such investigations excluded depressed, medically ill, and 
apneic patients, and derived sleep data from multiple LPSG 
nights. Although such studies typically found sleep differences 
between PPI and control samples, the magnitude of the differ­
ences observed consistently appeared rather modest. For exam­
ple, the mean difference in total sleep time between these groups 
was less than 38 minutes across these studies whereas the aver­
age difference in total nocturnal wake time was less than 42 min­
utes. These differences seem particularly unimpressive in view 
of previous research which suggests that normal sleepers can 
endure extended periods wherein they reduce their sleep by one 
to two hours below their customary amounts without evidence of 
any daytime alertness/performance decrements.25 Indeed, we 
are left to wonder whether we are missing something in our lab­
oratory study of those with PPI complaints. 

In this regard, it seems important to question the potentially 
powerful influences the sleep laboratory setting may have on 
comparisons of insomnia sufferers and normal sleepers. Since 
normal sleepers and PPI sufferers differ markedly in their report­
ed satisfaction with their usual home sleep patterns, the novelty 
and routines of the sleep laboratory may have contrasting effects 
on these two groups. Among normal sleepers, usual bedtime rit­
uals and the familiar home sleeping environment provide a sense 
of stability and serve as powerful conditioned cues which facili­
tate a restorative sleep process. The absence of these cues in the 
laboratory setting may adversely affect the sleep of these indi­
viduals when, as has been the case in most research protocols, 
they complete only a few recording nights in the novellaborato­
ry setting. Conversely, among those with PPI, aberrant sleep 
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habits occurring at home and conditioned stimuli present in the 
home bedroom may obviate a regular sleep/wake routine and 
elicit bedtime arousal which perpetuate sleep disturbances.26.27 

In addition, many insomnia sufferers may view the sleep labora­
tory as a setting where poor sleep is expected and understood by 
those professionals conducting the sleep recordings. This view, 
in turn, may reduce the conditioned bedtime arousal which typi­
cally confounds their sleep attempts at home. Given this ratio­
nale, it seems reasonable to speculate that insomnia sufferers may 
appreciate some sleep improvements when they are monitored in 
the sleep laboratory. Hence, LPSG might underestimate the 
degree of sleep difficutly such individuals typically experience in 
their home sleep settings. 

Support for these contentions come from previous studies of 
sleep laboratory adaptation effects as well as investigations 
which have scrutinized insomnia sufferers and normal sleepers in 
their home sleeping environments. Various studies of the so­
called "first night effect" (FNE) have shown that normal sleep­
ers show more disrupted sleep (e.g., longer sleep onset latencies, 
longer REM latencies, greater sleep fragmentation, etc.) on the 
first laboratory recording night than they do on subsequent nights 
whereas a reversed FNE, characterized by improved sleep on the 
first laboratory night (relative to subsequent nights), has been 
noted among insomnia sufferers.28·32 In contrast, a few studies 
have suggested that neither normal sleepers nor insomnia suffer­
ers show these pronounced adaptation responses when monitored 
in their homes.33.35 Moreover, in our previous work we found that 
home-based PSG (HPSG) recordings showed older (ages>60 
yrs.) insomnia sufferers and normal sleepers had similar mean 
values of sleep measures across lab and home PSGs although the 
insomnia group showed significantly greater night-to-night sleep 
variability than did the normal sleepers only during HPSGS.35 

The current investigation was conducted as extension of our 
previous HPSG studies of insomnia. We conducted this study 
with the global premise that HPSG is relatively unencumbered by 
adaptation effects inherent in the sleep laboratory setting and, 
hence, should be more likely than LPSG to show sleep differ­
ences between insomnia sufferers and normal sleepers. In the 
current project we chose to emoll a middle-aged cohort inasmuch 
as we suspected that age-related sleep changes (i.e., sleep frag­
mentation, reduced slow-wave sleep, etc.) among the older con­
trols enrolled our previous study35 may have served to minimize 
the degree to which their sleep differed from matched insomnia 
sufferers. Given these considerations, our specific study hypothe­
ses for the current project were: 1) both normal sleepers and 
insomnia sufferers would show less pronounced FNEs (i.e., sig­
nificant differences between sleep measures derived on the first 
recording night vs. similar measures from subsequent nights) 
during HPSGs than during LPSGs; and 2) mean values of sleep 
measures averaged across HPSG nights would suggest greater 
sleep differences between insomnia sufferers and normal sleepers 
than would averaged sleep measures derived from LPSG. 

METHOD 

Participants 

Research participants were recruited via posted advertise­
ments at the Durham (NC) VA Medical Center, via letters mailed 
to persons in the Duke University Center for the Study of Aging 

and Human Development Subject Pool, and via face-to-face 
solicitations of patients presenting to the Duke University Sleep 
Disorders Center. All participants completed an informed consent 
prior to entering the study and were compensated financially for 
their participation. Participants first underwent multiple screen­
ing procedures including a Structured Interview for Sleep 
Disorders36 and, once emolled, they completed self-report ques­
tionnaires and multiple nights of sleep monitoring. The insomnia 
sufferers recruited for this study were middle-aged adults (ages 
40 to 59 years) who reported sleep complaints consistent with 
current criteria37 for Primary Insomnia. These prospective partic­
ipants were considered for inclusion if they: 1) reported chronic 
(i.e., of >6 months duration) difficulty initiating or maintaining 
sleep or noted chronic poor sleep quality (i.e., nonrestorative 
sleep) which, on average, minimally occurred at least three times 
per week; and 2) reported associated daytime deficits related to 
their nocturnal sleep difficulties. We also recruited a comparable 
sample of middle-aged, non-complaining adults. These normal 
sleepers had no identified major medical or psychiatric condition 
that might have contributed to an umeported, occult sleep disor­
der. 

Using thorough screening procedures we excluded prospec­
tive participants if they: 1) had a terminal illness; 2) had a medi­
cal condition (e.g., rheumatoid arthritis, thyroid disease) that 
compromises sleep; 3) had abnormal TSH levels on a screening 
thyroid panel; 4) had a history of psychiatric illness; 5) met cri­
teria37 for a current major psychiatric (Axis I) condition on the 
basis of a Structured Clinical Interview for Psychiatric 
Disorders;38 6) were substance abusers; 7) showed sedative hyp­
notic dependence and were unwilling/unable to abstain from 
these medications while in the study; 8) were taking anxiolytics, 
antidepressants, or any other psychotropic medication; or 9) had 
objective evidence of clinically significant sleep apnea (i.e., and 
apnea/hypopnea index - AHI >15) on nights 1 or 2 of the objec­
tive sleep recordings described later herein. In addition, we 
excluded prospective insomnia sufferers if they met SIS-D crite­
ria36 for another sleep disorder in addition to PPI whereas we 
excluded normal sleepers who met SIS-D criteria36 for any sleep 
disorder. 

A total of 76 (35 women, 41 men) prospective participants 
underwent the study's screening procedures. Of these, three of 
the male self-described normal sleepers and five men with 
insomnia complaints were dropped because they had AHl's >15 
during their initial PSG studies. The remaining group compris­
ing our final sample consisted of 33 (17 women) insomnia suf­
ferers and 35 (18 women) non-complaining, normal sleepers. 

The normal sleepers retained had an average age of 46.5 years 
(SD=5.0 yrs.) and had completed an average of 16.2 years 
(SD=2.5 yrs.) of formal education. Twenty-seven (16 women) of 
these individuals were Caucasians, seven (one woman, six men) 
were African Americans, and one (woman) was an Asian 
American. Independent sleep interviews and medical exams sug­
gested that none of these individuals had medical conditions that 
contributed in any way to sleep difficulties. However, a number 
of these volunteers reported histories of common medical condi­
tions and symptoms including mild arthritis (n=6) , coronary 
artery disease (n=1), hypertension (n=3), sinusitis (n=7), occa­
sional heartburn (n=6), and intermittent headaches (n=3). 
Medical and sleep history evaluations conducted during screen­
ing suggested that these conditions/symptoms either were con-
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trolled with ongoing treatment or were not present at the time of 
study entry. 

The average age of the insomnia sufferers was 49.9 years 
(SD=5.8 yrs.) and their average years of formal education was 
14.9 years (SD=2.8 yrs.). Of these individuals, 21 (11 women) 
were Caucasians and the remaining seven (six women) were 
African Americans. Most of the insomnia sufferers were 
research volunteers who were recruited via solicitation 
announcementslletters. However, three of the insomnia sufferers 
were sleep clinic patients who agreed to become study partici­
pants. Like the normal volunteers, these insomnia sufferers 
endorsed histories of medical symptoms and conditions including 
mild arthritis (n= 11), coronary artery disease (n= 1), diabetes 
(n=2), hypertension (n=5), sinusitis (n=7), occasional heartburn 
(n=8), and intermittent headaches (n=8). Nonetheless, as was the 
case among the normal volunteers, our screening evaluations 
suggested that these conditions/symptoms either were controlled 
with ongoing treatment or were not present at the time of study 
entry. Moreover, both the self reports of these individuals and our 
screening evaluations suggested that these medical conditions 
were not significant contributors to their reported sleep difficul­
ties. 

Although most of the insomnia sufferers enrolled were not 
clinical patients, they collectively appeared to suffer from long­
standing sleep difficulties inasmuch as they reported having suf­
fered from insomnia for an average of 9.5 years (SD = 7.6 yrs.). 
Three (9.1 %) of the insomnia sufferers reported exclusively sleep 
onset difficulties, 14 (42.4%) reported only sleep-maintenance 
difficulties, 14 (42.4%) reported mixed onset/maintenance prob­
lems and two (6.1 %) reported concerns in regard to chronic poor 
sleep quality. At the time of enrollment, 24 (72.7%) of the 
insomnia sufferers reported no current use of prescription or non­
prescription sleep aids, four (12.1 %) reported use of such sleep 
aids less than one time per week, and the remaining five (15.1 %) 
reported use of sleep aids two or more times per week. Twenty­
eight (84.8%) reported no use of alcohol as a sleep aid whereas 
four (12.1 %) used low dose (one to two alcoholic beverages) 
alcohol as a hypnotic less than one time per week. Only one 
(3.0%) of the insomnia sufferers reported nightly reliance on one 
to two alcoholic beverages to aid sleep. However, all of these 
individuals agreed to totally abstain from the use of sleep aids 
during the time periods prescribed by the study (see details 
below). 

Polysomnography 

Each participant underwent six nights of polysomnographic 
(PSG) sleep monitoring. Three consecutive PSG recordings were 
conducted in the Duke Medical Center's Sleep Laboratory and 
the other three consecutive PSG studies were conducted in par­
ticipants' homes. 

All participants underwent both home and lab PSGs in order 
to address this study's specific research objectives. The order of 
studies (lab vs. home) was randomly determined so that roughly 
one-half of the men and women in each group underwent lab 
recording first, whereas the other half completed home monitor­
ing first. So that PSG measures would be reasonably contempo­
raneous, we scheduled each participant's home and lab PSGs a 
minimum of four and a maximum 30 days apart. 

All PSGs were conducted using Oxford.Medilog® 9000 series 

ambulatory cassette recording devices. The recorders have the 
capability of recording eight channels of electro-physiological 
data as well as digital time in one-second intervals. They also 
include an event marker which participants used to electronical­
ly mark both the time they retired to bed at night and their sub­
sequent final rising time on the following morning. Various stud­
ies conducted at our center39-40 and elsewhere41.42 have attested 
to the technical acceptability of the Oxford system and have 
shown that sleep measures derived from this form of monitoring 
are comparable to those obtained from standard laboratory poly­
graphs. The specific PSG-monitoring montage used in the cur­
rent study included two electroencephalogram (EEG) channels 
(C3-A2, Oz-Cz), bilateral electrooculogram (EOG), submental 
electromyogram (EMG), two channels of anterior tibialis EMG 
(right and left leg,) and a nasal-oral respiration thermistor. 

Prior to scheduling PSG recordings, participants were 
throughly interviewed to determine their customary bedtimes and 
rising times. Once these times were discerned for each partici­
pant, she/he was instructed to adhere to these customary bedtimes 
and rising times on all six nights (lab and home) that PSG record­
ings were scheduled. On dates home PSG studies were sched­
uled, participants reported to the sleep laboratory between 14:00 
and 17:30 for electrode attachment before returning home where 
they were encouraged to follow their usual evening routines and 
pre-sleep rituals. Each individual was also instructed to sleep in 
herlhis usual bedroom with herlhis usual bed partner if such an 
individual was typically present. In the morning, they returned to 
the sleep laboratory for removal of electrodes. 

On the nights of laboratory studies, participants reported to 
the sleep laboratory without bed partners approximately 60 to 90 
minutes before their reported usual bedtimes for electrode place­
ment. As a consequence of this scheduling, electrode attachment 
was routinely completed just prior to each participant's target 
bedtime so, shortly after completing of this process, the individ­
ual was placed in a sleeping room, the lights were turned off, and 
the recording was started. For both home and lab studies, partic­
ipants kept written records of their bed and rising times. These 
records were used to assist our research staff in finding the elec­
tronically marked bed and rising times when scoring the Medilog 
recordings. 

All Medilog recordings were scored directly on the screen of 
the Medilog scanner by experienced scorers using standard crite­
ria.43 This screen scoring procedure was used since it allows for 
both rapid scanning of sleep data and screen by screen editing for 
those recordings which prove difficult to score. Moreover, we 
have found screen scoring produces estimates of standard sleep 
parameters that are comparable to those obtained from conven­
tional epoch by epoch scoring of records on paper.44 To minimize 
biases in scoring, scorers were kept blind to the date of each 
recording and the type of participant from whom each PSG study 
was obtained. Since HPSG electrode attachments occurred 
between 14:00 and 17:30, these recordings began well before the 
individuals' bedtimes in the home settings. As a result, it was not 
possible to totally blind scorers to the setting wherein recordings 
were obtained. 

Results of sleep-stage scoring were used to derive measures of 
total sleep period (TSP-time between "lights out" and final ris­
ing time) and several sleep parameters which previously have 
proven useful either for detecting FNE's28-32 or for discriminating 
insomnia sufferers from normal sleepers. I 6-24 The specific sleep 
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parameters we chose to use included total sleep time (TST), sleep 
efficiency (SE%-[total sleep time/ sleep period] x 100%),­
latency to the onset of sustained sleep (SOL-time between 
"lights out" and the first 10 minutes of sleep containing no more 
than two minutes of wake time, stage 1 sleep or movement time), 
wake time after sleep onset (WASa-all wake time after SOL 
and before the final AM awakening), stage 1 time (STG 1), stage 
2 time (STG2), slow wave sleep time (SWS), REM time, and 
REM latency (RLMA-time between SOL and the first three 
consecutive minutes of REM minus intervening wake time) for 
each study night. For the purpose of this investigation, time and 
latency measures were expressed in minutes. 

Procedure 

All consenting persons who met inclusion criteria underwent 
the six PSG studies previously described. Following their fIrst 
series of three consecutive PSGs (home or lab), participants 
underwent daytime sleepiness and performance testing which are 
to be described in a future report.46 All HPSG studies were 
scheduled for nights when subjects planned to have no overnight 
house guests. Participants who reported recent use of sleep med­
ications were required to abstain from these medications for at 
least two weeks prior to their fIrst series of studies and to not 
resume these medications until they completed both series of 
PSGs. Finally, they were instructed to abstain from alcoholic 
beverages and to not consume caffeinated substances after 18:00 
on study nights. 

RESULTS 

Sample Comparability and Effectiveness of Randomization 

Prior to conducting tests of our study hypotheses, we fIrst con­
ducted several analyses to compare our samples in regard to their 
demographic characteristics. Fisher Exact tests showed the sam­
ples of insomnia sufferers and normal controls were well bal­
anced in terms of their females/males (p=l.OO) and 
CaucasianslNon-Caucasians (p=l.OO) ratios. Results of a 2 
(insomnia sufferer vs. normal sleeper) x 2 (genders) ANOVA 
showed that the insomnia sufferers (Mage=49.9 years), on aver­
age, were slightly, albeit signifIcantly (F1•64=7.33, p=.009), older 
than were the normal sleepers (Mage=46.5 years). A similar anal­
ysis showed that the normal sleepers (Meducation=16.2 years) had 
slightly, albeit signifIcantly (F1,64=4.23, p=.04), more years of 
education than did the insomnia sufferers (Meducation=14.9 years). 
These statistical differences were consistent across genders inas­
much as the gender and type x gender effects were nonsignifIcant 
(p's>.05). 

In addition to these initial comparisons, we conducted prelim­
inary analyses to test the effectiveness of our randomization pro­
cedures. As noted previously, we enrolled a total of 76 partici­
pants in the study and retained 68 participants. Since all subjects 
were randomized at the time of study enrollment, we reviewed 
participant assignments to determine if roughly equal numbers of 
men and women within each sample of our fInal cohort were 
assigned to each sleep monitoring sequence (i.e., HPSG 1st vs. 
LPSG 1st). This review showed that 18 (10 women) insomnia 
sufferers and 16 (8 women) normal sleepers underwent HPSG 
fIrst whereas the remaining 15 (7 women) insomnia sufferers and 
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19 (10 women) normal sleepers underwent LPSG first. Chi­
square analysis confirmed that the four subgroups were propor­
tionally assigned to the contrasting sequences of PSG studies 
(X23=0.81, p=0.85). 

Technical Acceptability of Medilog Recordings 

Of the 408 PSGs conducted on our final cohort, 397 were 
technically acceptable and scorable. The remaining 11(2.7%) 
were not scorable either because the clock module inside of the 
Medilog recorders malfunctioned or critical electrodes became 
dislodged during the study. All but one of these unscorable 
recordings occurred on nights 2 or 3 in the one or the other of the 
recording sites (home or lab). Single nights (two HPSG and three 
LPSG) were lost from fIve (four women and one man) normal 
sleepers and four (three men, one woman) insomnia sufferers 
(one HPSG and three LPSG's). In addition, data were lost from 
a female normal sleeper from night three in the lab and night one 
in the home. The unscorable LPSG recordings were lost because 
we chose not to tether subjects to an online recording apparatus 
in the lab; this decision assured that the recording procedures 
used in both recording sites were identical. Because of data loss, 
results reported herein are based on the 397 scorable recordings. 

Pattern and Reliability of PSG Scoring 

A total of three scorers participated in the scoring of the PSGs 
obtained in this study, and except for those records used in the 
reliability checks, each PSG was scored by only one of these 
individuals. However, all (98%) but eight of the scorable records 
were scored by one of the two main scorers who participated in 
this project. For 52 of the 68 participants, the task of scoring the 
multiple nights of PSG recording was split between the two scor­
ers with one scorer reviewing some of the six nights and the other 
scoring the remainder. Scorer 1 scored 44 HPSGs and 46 LPSGs 
from the normal sleepers and 51 HPSGs and 52 LPSGs from the 
insomnia sufferers. Scorer 2 scored 56 HPSGs and 54 LPSGs 
nights from normal sleepers, and 44 HPSGs and 42 LPSGs from 
the insomnia sufferers. An overall chi square test showed that the 
four specifIc types of records were equally distributed across 
these two main scorers (X 23=3.64 p=.30). 

To test for inter-scorer reliability, 10 randomly selected PSG's 
were independently scored by each of the two main scorers. 
Epoch-by-epoch comparisons showed an overall agreement rate 
of 90% between scorers. This highly acceptable agreement rate 
suggested little variance due to scorer differences. 

Adherence to Prescribed Bed and Rising Times 

Despite instructions to the contrary, study participants varied 
their prescribed bed and wake times across the six PSG nights. 
For the normal sleepers, the mean bedtimes across the three 
LPSG and three HPSG studies respectively were 23:02, 23:07, 
23:12,23:11,23:01, and 22:44. For the insomnia group these 
respective times were 22:54, 22:51, 22:52, 22:41, 22:44, and 
22:35. The LPSG and HPSG mean rising times across nights for 
the normal sleepers respectively were 6:08, 6: 13,6:14,6:16,6:13 
and 5:57; these respective mean times for the insomnia group 
were 6: 18, 6: 17, 6: 17, 6:08, 6:27, and 6:26. Analyses via 2 ( nor­
mal sleeper vs. insomnia sufferer) x two (LPSG vs. HPSG) x 

Sleep in the Laboratory and Sleep at Home II-Edinger et al 

http:X23=0.81
http:F1,64=4.23
http:F1�64=7.33
http:report.46


Table 1-Differences between first nights and the means of the subsequent two PSG nights in each setting. 

Study Participants with No Bed Partner 

Normal Sleepers Insomnia Sufferers 
Lab PSG Home PSG Lab PSG Home PSG 

Measure+ Nt 1-Nts 213 Nt 1-Nts 213 Nt 1-Nts 213 Nt 1-Nts 213 

TST -14.7 (10.7) -4.2 (18.2) 4.7 (10.8) -21.7 (20.4) 
S2 Onset 14.2 (5.7) 6.3 ( 8.3) 15.0 (6.4) -14.5 (9.3) 
WASO -6.2 (10.2) 4.5 (12.8) -8.6 (11.4) 5.6 (14.3) 
SE% -1.0 (2.4) -3.0 (2.5) 1.0 (2.7) 0.7 (2.8) 
Stage 1 0.2 (3.5) 2.9 (3.8) 1.2 (4.0) 7.1 (4.2) 
Stage 2 -0.78 (10.8) -1.9 (17.1) 7.8 (12.2) -5.8 (19.3) 
SWS -1.0 (5.3) 1.5 (7.4) -6.1 (6.0) -10.3 (8.3) 
REM -13.1 (8.2) -6.8 (5.2) 1.9 (9.3) -12.7 (5.9) 
RLMA. 17.4 (10.6) -4.0 (13.2) 8.0 (11.9) 8.8 (14.8) 

Study Participants with a Bed Partner 

Normal Sleepers Insomnia Sufferers 
TST -1.1 (9.2) -13.4 (12.9) -25.3 (8.9) -53.8 (12.5) 
S2 onset 5.3 (5.6) 5.8 (3.2) 13.9 (5.5) 3.8 (3.1) 
WASO 2.5 (6.9) 1.2 (8.1) 8.2 (6.7) 26.4 (7.9) 
SE% -1.1 (1.5) -0.8 (2.1) -4.4 (1.5) -7.7 (2.1) 
Stage 1 -0.4 (3.5) -1.3 (3.2) 0.7 (3.4) 1.7 (3.1) 
Stage 2 -2.1 (8.0) -0.9 (9.2) 3.2 (7.7) -24.7 (8.9) 
SWS 0.5 (6.2) -5.4 (5.4) -17.3 (6.0) -16.4 (5.3) 
REM 1.0 (5.1) -5.8 (5.9) -11.9 (5.0) -14.4 (5.7) 
RLMA. 9.0 (5.7) 1.3 (9.6) 5.9 (5.6) 10.9 (9.3) 

+Note: Full definitions for the abbreviations used for sleep measures in this table can be found in the portion of Method section labeled. 
"Polysomnography." The differences shown represent minutes for all sleep measures except sleep efficiency which is expressed as differences in %. 
Data presented are means and (SE's). Nt. = night. Data from one female normal sleeper without a bed partner was excluded due to PSG recorder 
failure on the first home PSG night. Thus, data for the group without bed partners are from 11 (8 women) normal sleepers and 9 (5 women) insomnia 
sufferers; data for the subgroup with bed partners are from 23 (9 women) normal sleeper and 24 (12 women) insomnia sufferers. 

three (night) repeated measures ANOVAs showed the partici­
pants' rising times were statistically similar across nights and set­
tings but the bedtimes of both groups were significantly (F I. 
328=4.02, p=0.05) earlier in their homes (Mtime=IO:50 PM) than 
they were in the lab (Mtime=11:00 PM). Normal sleepers tended 
to choose a later rising time on night 1 in their homes than they 
did on subsequent nights in that setting. In contrast, the insom­
nia sufferers arose earlier on HPSG night 1 than they did on sub­
sequent HPSG nights. Finally, ANOVA results showed that aver­
age total sleep periods-TSPs (times in bed) of the insomnia suf­
ferers (MTSp=452.4 min., SD=58.0 min.) were significantly (FI, 

66=6.13, P = 0.02) longer than those of the normal sleepers 
(MTSp=427.3 min., SD=57.8 min.) and both groups had signifi­
cantly (F1.328=5.34, p=0.02) longer TSPs in their homes 
(MTSP=444.5 min., SD=67.4 min.) than they did in the sleep lab 
(MTSp=434.6 min., SD=49.4 min.). 

Tests of Normality and Data Transformations 

Prior to conducting planned tests of FNEs, we inspected each 
sleep measure to determine if its distribution approximated nor­
mality. In doing so, we computed Shapiro~WiIk tests46 of nor­
mality and constructed frequency histograms with each measure 
so that we could statistically as well as visually evaluate each dis­

tribution. Results of these procedures showed that the majority 
of these measures had distributions that were normal or 
approached normality (W values >0.95). However, the distribu­
tions of the sleep onset latency, sleep efficiency, stage 1 time, 
WASO, and REM latency were somewhat skewed. As a result, 
we used arithmetic data transformations (e.g., Logarithm) to nor­
malize these measures before conducting any tests of study 
hypotheses. 

First Night and Sequencing Effects 

We predicted that both groups would show less pronounced 
differences between first and subsequent night values of each 
sleep parameter in their homes than they would in the lab. To test 
this prediction, we first computed the difference between values 
of each sleep parameter derived from the first recording night in 
each setting and mean values of these respective sleep measures 
for nights 2 and 3 in each setting. Combining data from nights 2 
and 3 in these computations seemed justified since preliminary 
comparisons showed no significant differences between these 
two nights for any of the sleep measures in either of our samples. 

To conduct our comparisons of these resultant difference 
scores, we first used an omnibus 2 (normal sleeper vs. insomnia 
sufferer) x 2 (recording site: lab vs home) x 2 (PSG sequence: 
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HPSG 1st vs. LPSG 1st) x 9 (sleep parameters) repeated mea­
sures multivariate ANCOVA model. 

To control for demographic and gender differences, we includ­
ed age, educational level, and gender (female = 0; male = 1) as 
covariates in this model. Also included as covariates were mea­
sures which corrected for the previously noted differences in bed 
times and times in bed (TSPs) across nights and settings. 
Furthermore, in anticipation of potential influences of routine bed 
partners, we performed separate analyses for the subgroups with 
and without routine home bed partners. Finally, these analyses 
were conducted both with raw and normalized values of our 
dependent measures so as to determine the effects of data trans­
formations on the results obtained. 

Since the analyses of raw and normalized dependent measures 
produced similar results, only the results for the raw data are pre­
sented herein to simplify data interpretation. Table 1 shows the 

adjusted mean differences between initial and subsequent PSG 
nights (i.e., First night value-Mean of Nights 2 &3) and stan­
dard error terms for these differences scores. Our omnibus 
ANCOVA comparisons of FNEs showed significant participant 
type x recording site, x PSG sequence x sleep measure interac­
tions among both those without routine home bed partners (FS,88= 
4.20, p=0,003) and those who had routine home bed partners 
(FS,304=2.20, p=0,03). Follow-up univariate tests showed signifi­
cant participant type x recording site x PSG sequence interaction 
effects for the measures of sleep efficiency (Fl.Il=7,89, p=0.02) 
and stage 2 sleep (F j ,II=5.59, p=0,04) among those without rou­
tine bed partners, and for the measures of sleep efficiency 
(FI,3s=4.68, p=O,04) and REM latency (F1,38=5,68, p=0,02) 
among those with routine bed partners. 

Figure 1 shows the trends in the night 1 vs. nights 2/3 differ­
ence scores which contributed to these interaction effects. Each 
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Table 2-Adjusted means and standard error terms for the combined night 2/3 data across settings and subgroups 

Participants without Bed Partners 

Insomnia Sufferers Normal Sleepers 
Measure+ Lab PSG Home PSG Lab PSG Home PSG 
TST 355.0 (15.7) 339.5 (17.3) 399.2 (13.2) 380.4 (14.6) 
SOL 14.5(4.4) 38.7(11.5) 16.8(3.7) 22.1 (9.7) 
WASO 72.5 (10.3) 71.8 (16.7) 41.4(8.6) 61.2(14.1) 
SE% 81.5 (2.6) 78.1 (3.8) 88.4 (2.1) 84.8 (3.2) 
Stage 1 20.3 (5.0) 19.2 (3.6) 19.1 (4.2) 20.8 (3.0) 
Stage 2 190.9 (12.2) 187.5 (15.4) 196.0 (10.3) 203.1 (13.0) 
SWS 66.0 (9.4) 61.9 (10.2) 94.4 (7.9) 73.5 (8.6) 
REM 78.1 (7.3) 70.9 (7.5) 89.7 (6.2) 82.9 (6.3) 
RLMA 61.8 (4.6) 52.3 (9.6) 67.8 (3.9) 78.2 (8.1) 

Participants with Bed Partners 

TST* 365.4 (9.0) 389.1 (10.3) 376.5 (9.2) 377.6 (10.5) 
SOL 15.4 (1.8) 20.4 (2.7) 10.4 (1.8) 15.6 (2.7) 
WASO* 65.4 (5.0) 55.9 (3.4) 26.3 (5.1) 38.8 (3.5) 
SE%* 82.7 (1.2) 84.5 (1.1) 92.3 (1.2) 88.6(1.1) 
Stage 1 17.7 (2.9) 19.3 (2.3) 17.3 (2.9) 20.2 (3.3) 
Stage 2 178.0 (6.4) 203.4 (7.2) 179.5 (6.6) 188.8 (7.4) 
SWS 92.2 (6.5) 80.8 (5.3) 92.2 (6.6) 82.3 (5.4) 
REM 77.5 (4.9) 85.7 (4.9) 87.6 (5.0) 86.3 (5.0) 
RLMA 71.9 (4.9) 72.9 (6.4) 67.5 (5.0) 72.0 (6.6) 

Note: Values in the tables represent minutes except for values of sleep efficiency which are %'s. Data are rounded to 1 decimal place. Values are 
means and (SE's). Data for those without bed partners, are from 12 (9 women) normal sleepers and 9 (5 women) insomnia sufferers; data for those 
with bed partners are from 23 (9 women) normal sleepers and 24 (12 women) insomnia sufferers. Asterisks (*'s) denote variables showing significant 
group (insomnia vs. normal) x sleep setting effects. 
+Because the multivariate ANCOVA conducted for the subgroup without bed partners showed no significant main or interaction effects, no follow-up 
univariate statistical tests were conducted with the individual sleep measures obtained from this subgroup. 

graph in this figure shows the differences between the first night 
and subsequent nights in each recording site. Negative values 
imply that first night values of the sleep parameter were lower 
than values obtained for subsequent nights, whereas positive val­
ues suggest first night values were higher than those shown on 
subsequent nights. Among the subgroup without bed partners, 
post-hoc statistical tests showed the above-noted interaction 
effects were due to significant recording site x PSG sequence 
(HPSG 1st vs. LPSG 1st) interaction effects within the insomnia 
group. As the figure implies, those insomnia sufferers who under­
went HPSGs first, showed standard FNE's in sleep efficiency and 
stage 2 sleep in their homes and reverse FNEs in the lab. 
However, those insomnia sufferers who underwent LPSGs first, 
showed just the reverse of this trend. In contrast, post hoc tests 
showed normal sleepers had statistically similar FNEs for these 
measures across recording sites regardless of the order in which 
home and lab PSGs were conducted. 

Results of those who had routine home bed partners showed 
somewhat different first night and sequencing effects. Among 
these participants, contrasting patterns of FNEs were found 
between the normal sleepers and insomnia sufferers who were 
first monitored in the sleep lab. Within this group, the normal 
sleepers showed more pronounced FNEs in sleep efficiency and 
REM latency (i.e., reduced sleep efficiencies and higher REM 
latencies on the first night relative to subsequent nights) in the lab 
than they did at home whereas the insomnia sufferers in this sub­
group showed a reverse of this trend across both measures. In 

contrast, the normal sleepers and insomnia sufferers who under­
went HPSG first did not statistically differ from each other in 
regard to the pattern of FNEs they showed for these measures 
across settings. Hence, conducting LPSGs prior to HPSGs 
seemed to heighten the laboratory FNE's of normal sleepers and 
home FNEs among the insomnia sufferers. 

Results of Group Comparisons 

To determine if, as predicted, home PSG recordings showed 
greater differences between our two samples than did LPSGs, we 
conducted a series of analyses which controlled for the above­
noted first night and sequencing effects, and allowed us to isolate 
setting-specific effects of the two recording sites on our two sam­
ples. To do so, we eliminated first night data and used partici­
pants' averaged values of the nine sleep measures derived from 
nights two and three in each setting. Subsequently, we conduct­
ed an omnibus 2 (normal sleeper vs. insomnia sufferer) x 2 
(recording site: lab vs home) x 9 (sleep parameters) repeated 
measures multivariate ANCOVA model to analyze these data. 
Included as covariates in this model were such variables as age, 
educational level, gender (female =0; male =1), as well as mea­
sures which corrected for the noted differences in bed times and 
times in bed (TSPs) across settings. Also, we included a dichoto­
mous covariate (LPSG 1st = 0; HPSG 1st = 1) in our statistical 
qlodel so as to partial out PSG-sequencing effects from our final 
results. As was the case in our tests of PSG-adaptation effects, 
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we conducted these analyses with both raw and normalized data 
and performed separate analyses for the subgroups with and 
without routine bed partners. 

The analyses of raw and normalized dependent measures pro­
duced similar results, so, once again, only the results for the raw 
data are considered in order to simplify data interpretation. Table 
2 provides descriptive statistics concerning the combined sleep 
data from nights 2 and 3 for the various participant subgroups. 
Results of our omnibus ANCOVAs showed no significant effects 
among the subgroup without routine home bed partners. 
However, among those with routine bed partners, a significant 
participant type x recording site x sleep measure (Fg•3I2=2.82, 
p=O.005) interaction effect was obtained. Follow-up univariate 
ANCOVA's showed significant participant type x recording site 
interactions for measures of total sleep time (F1.39=5.95, p=O.02), 
WASO (FI.39=6.62, p=O.OI), and sleep efficiency (F1.39=6.6I, 
p=O.Ol) among this subgroup. Post-hoc tests showed the normal 
sleepers and insomnia sufferers had statistically similar values of 
total sleep time within each sleep setting. However, the insom­
nia sufferers slept significantly longer in their homes than they 
did in the sleep lab. In contrast, the insomnia sufferers had sig­
nificantly more WASO and significantly lower sleep efficiencies 
than did the normal sleepers within each recording site. 
Nonetheless, these group differences were less marked during 
HPSGs than during LPSGs. Moreover, whereas the insomnia 
sufferers had statistically similar values of WASO and sleep effi­
ciency across settings, the normal sleepers had statistically high­
er values of WASO and lower sleep efficiencies in their homes 
than they did in the sleep lab. Thus, contrary to predictions, 
these findings suggest that LPSGs may imply greater relative 
sleep disturbances among insomnia sufferers than do home-based 
recordings. 

DISCUSSION 

The current investigation was conducted, in part, to test our 
prediction that both insomnia sufferers and normal sleepers 
would show significantly less pronounced FNEs during HPSG 
than they would during LPSG. Our findings both failed to support 
this hypothesis and suggested the few FNEs observed seem 
dependent upon the particular sequence in which PSGs are con­
ducted, the type of individual undergoing monitoring, and the 
individual's habit of sleeping with or without a routine home bed 
partner. Among those without bed partners, FNEs in sleep effi­
ciency and stage 2 sleep were more pronounced among the 
insomnia sufferers than among the normal sleepers but the nature 
of these effects seemed influenced more by the order of record­
ing sites than by the sleep settings themselves. These individuals 
showed standard FNEs during their first series of recordings and 
reverse FNEs during their second series of PSGs. Among those 
with routine home bed partners, differences in FNE's were most 
pronounced in comparisons of the normal sleepers and insomnia 
sufferers who underwent LPSG prior to HPSG Within this group, 
the normal sleepers showed reduced FNE's in sleep efficiency 
and reverse FNEs in REM latency on their subsequent HPSGs 
whereas the insomnia sufferers undergoing the same PSG 
sequence showed much more marked standard FNE's in these 
measures during HPSGs than during LPSGs. 

Although PSG adaptation effects varied as a function of set­
ting, study sequence, and usual sleeping arrangement, a number 

of generalities are suggested by these data. First, for most of the 
sleep parameters examined, FNEs were not more pronounced in 
the lab than they were in the home. In addition, the FNEs 
observed appeared minimal among our normal sleepers. 
Furthermore, regardless of their usual sleeping arrangement, 
insomnia sufferers did not show a reduced first night adaptation 
response in their second series of studies relative to their first 
series. Instead these individuals seemed reactive to change in 
PSG monitoring venue particularly when switching from lab to 
home-based monitoring. Finally, the home-lab differences in 
FNEs observed varied between those who did and did not have a 
routine home bed partner. This observation seems noteworthy 
inasmuch as the influence of a companion in the home sleeping 
environment has generally been ignored in studies of lab and 
home FNEs. Indeed, our data would suggest that more system­
atic scrutiny of this factor's influence on FNEs seems warranted. 

As an additional study objective, we tested our prediction that 
HPSG's would show greater differences between insomnia suf­
ferers and normal sleepers than would LPSG's. When conduct­
ing analyses pertinent to this prediction, we eliminated first night 
data and employed a multivariate model that isolated sleep set­
ting effects via statistically controlling for demographic differ­
ences, varying sleep scheduling across recordings sites, and PSG 
sequencing effects. Our results did suggest that LPSG and HPSG 
provide somewhat distinctive views of the sleep differences 
between insomnia sufferers and normal sleepers. However, these 
results were limited to the subgroup of participants with home 
bed partners and were not in the direction anticipated. Within 
this cohort, LPSGs generally suggested greater relative sleep dif­
ficulties (lower sleep times and sleep efficiencies, more wake 
time) among the insomnia sufferers than did HPSGs. Whereas 
both LPSG and HPSG showed the insomnia sufferers had more 
WASO and lower sleep efficiencies than did the normal sleepers, 
the group differences were less dramatic during the HPSGs. 
Furthermore, whereas the average total sleep times of the two 
groups were statistically similar in both sleep settings, the insom­
nia sufferers slept significantly longer in their homes than they 
did in the lab. Moreover, the normal sleepers had significantly 
less consolidated sleep in their homes than they did in the sleep 
lab. Hence, contrary to prediction, these findings suggest that 
LPSG may actually overestimate insomnia sufferers' relative dis­
ruption, at least among those with routine bed partners. These 
data also suggest normal sleepers may have somewhat less con­
solidated sleep in their homes than we have been led to expect 
from laboratory studies. 

Overall, these group comparisons might be considered disap­
pointing in the sense that our HPSG studies failed to show much 
more marked differences between our study samples than did the 
LPSG comparisons. In fact, like many previous studies,16-24 both 
our lab and home PSGs suggested rather modest relative sleep 
deficits among our insomnia cohort. Given the level of daytime 
distress often reported by PPI patients as well as the apparent 
morbidity associated with insomnia, per se, it may well be that 
standard Rechtshaffen and Kales47 parameters provide a very 
limited view of disease severity among many who suffer from 
this form of sleep difficulty. What our findings do suggest in this 
regard is that much more research concerning the nature of 
insomnia is needed before we understand the relationship 
between insomnia's objective sleep dysfunction and its eventual 
untoward consequences. 
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In view of our results, it seems useful to consider the relative 
merits of HPSG and LPSG. First, it appears that, for the types of 
individuals studied herein, LPSG does not appear to have more 
pronounced FNEs then HPSG, at least for the majority of the 
sleep measures we employed. As a result, expectations for 
reduced FNE's does not appear to be an adequate justification for 
choosing HPSG over LPSG. However, since we used relatively 
unobtrusive ambulatory recorders for home and lab recordings, 
our findings may underestimate differences that would be found 
between ambulatory and more traditional LPSG in which indi­
viduals are tethered to a large, stationary recording apparatus. 
Secondly, since our night 2/3 data showed no recording site 
effects for those without routine bed partners, HPSG, which 
requires no in laboratory bedrooms and no over-night technolo­
gist, may, for practical reasons, be favored over LPSG for studies 
in this subgroup, particularly when strict experimental control is 
not essential. For those who typically sleep with bed partners, 
HPSG and LPSG clearly give distinctive views of differences 
between normal sleepers and insomnia sufferers on sleep mea­
sures that are thought to be very relevant to insomnia complaints. 
In studies of such individuals, HPSG may be favored in natural­
istic studies focused on capturing "typical" sleep patterns. In 
contrast, LPSG may remain the gold standard for group compar­
isons when the goals of PSG monitoring require a standardized, 
controlled sleeping environment. For example, studies concerned 
with basic sleep physiology or the endogenous circadian system 
may require LPSG. 

In reviewing our results, it is important to consider this study's 
limitations. Our sample was moderate in size and consisted of 
only middle-aged normal sleepers and non-clinical insomnia suf­
ferers who presented to us as research volunteers. Whether our 
findings apply to normal sleepers in general, younger age groups, 
and clinical samples of insomnia patients remains to be deter­
mined. Also, the small number of participants without bed part­
ners may have prevented us from detecting group and setting dif­
ferences that would be apparent in a larger cohort of this nature. 
In addition, we attempted to achieve comparable bedtimes and 
rising times for our subjects during LPSG and HPSG studies, but, 
in no way did we intrude into subjects' homes to enforce these 
prescriptions. Although we attempted to statistically control for 
the sleep scheduling variability seen across participant types and 
sleep settings, replication of this investigation with more rigidly 
controlled sleep schedules may be beneficial. Despite such lim­
itations, our findings suggest that HPSG may provide an alterna­
tive view of the sleep differences between insomnia sufferers and 
normal sleepers. 

AKNOWLEDGMENTS 

Research supported by the Department of Veterans Affairs 
Merit Review Program. 

REFERENCES 

1. Mellinger GD, Balter MB, Uhlenhuth EH. Insomnia and its treat­
ment: prevalence and correlates. Arch Gen Psychiatry, 1985;42:225-32. 
2. Weyerer S, Dilling H. Prevalence and treatment of insomnia in the 
community: result from upper Bavarian field study. Sleep, 1991;14:392­
8. 

t1WtM' 

3. Dement WC, Pelayo R. Public health impact and treatment of 
insomnia. Eur Psychiatry, 1997;12:31s-39s. 
4. Kageyama T, Kabuto M, Nitta H, Kurokawa Y, Taira K, Suzuki S, 
Takemoto T. A population study on risk factors for insomnia among 
adult Japanese women: a possible effect of road traffic volume. Sleep, 
1997;20:963-71. 
5. Ohayon MM. Prevalence of DSM-IV diagnostic criteria of insom­
nia: distinguishing insomnia related to mental disorders from sleep dis­
orders. J of Psych Res, 1997;31 333-46. 
6. Simon GE, VonKorff M. Prevalence, burden, and treatment of 
insomnia in primary care. Am J Psychiatry, 1997;154:1417-1423. 
7. Ford DE, Kamerow DB. Epidemiologic study of sleep distur­
bances and psychiatric disorders: an opportunity for prevention? Journal 
of the AMA 1989;262:1479-84. 
8. Chang PP, Ford DE, Mead LA, Cooper-Patrick L, Klag MJ. 
Insomnia in young men and subsequent depression. The Johns Hopkins 
Precursors Study. Am J Epidemiology, 1997;146:105-14. 
9.. Livingston G, Blizard B Mann A. Does sleep disturbance predict 
depression in elderly people?: a study in inner London. Br J Gen Pract 
1993; 43: 445-8. 
10. Vollrath M, Wicki W, Angst J. The Zurich study. vrn. Insomnia: 
association with depression, anxiety, somatic syndromes, and course of 
insomnia. Eur Arch Psychiatry Neurological Sci, 1989;239: 113-24 
11. Johnson EO, Roehrs T, Roth T, Breslau N. Epidemiology of alco­
hol and medication as aids to sleep in early adulthood. Sleep, 
1998;21:178-186. 
12. Weissman MM, Greenwald S, Nino-Murcia G, Dement We. The 
morbidity of insomnia uncomplicated by psychiatric disorders. Gen 
Hosp Psychiatry, 1997;19:245-50. 
13. Johnson LC, Spinweber CL. Quality of sleep and performance in 
the Navy: A longitudinal study of good and poor sleepers. In: 
Guilleminault C, Lugaresi E., eds. Sleep/wake disorders: natural histo­
ry, epidemiology, and long-term evolution. New York: Raven Press, 
1983:13-28. 
14. National Commission on Sleep Disorders Research, William e. 

Dement, Chairman. Wake up America: A national sleep alert: Volume 2. 
1994. 
15. Walsh JK, Engelhardt CL. The direct economic costs of insomnia 
in the United States for 1995. Sleep 1999;22(suppl.):S386-S393. 
16. Kales A, Kales ID. Evaluation and treatment of insomnia. New 
York: Oxford, 1984. 
17. Stepanski E, Lamphere J, Badia P, Zorick F, Roth T. Sleep frag­
mentation and daytime sleepiness. Sleep, 1984;7:18-26. 
18. Stepanski E, Zorick F, Roehrs T, Young D, Roth T. Daytime alert­
ness in patient with chronic insomnia compared with asymptomatic con­
trol subjects. Sleep 1988;11:54-60. 
19. Mendelson, WB, Garnett D, Gillin JC, Weingartner H. The experi­
ence of insomnia and daytime and nighttime functioning. Psychiatry 
Research 1984:12:235-50 
20. Seidel WF, Ball S, Cohen S, Patterson, N, Yost D, Dement We. 
Daytime alertness in relation to mood, performance and nocturnal sleep 
in chronic insomniacs an noncomplaining sleepers. Sleep, 1984; 7: 230­
8. 
21. Sugarman JL, Stern JA, Walsh JK. Daytime alertness in subjective 
and objective insomnia: Some preliminary findings. Biological 
Psychiatry 1985;20:741-50. 
22. Seidel WF, Dement WC. Sleepiness in insomnia: Evaluation and 
treatment. Sleep 1982(suppl 2);5:180-90. 
23. Stepanski E, Zorick F, Sicklesteel J, Young D, Roth T. Daytime 
alertness-sleepiness in patients with chronic insomnia. Sleep Research, 
1986;15:174. 
24. Gallard JM. Chronic primary insomnia: Possible physiopathologi­
cal involvement of slow wave sleep deficiency. Sleep 1978;1: 133-47. 
25. Horne JA. Wilkinson S. Chronic sleep reduction: Daytime vigi­
lance performance and EEG measures of sleepiness with particular ref­
erence to "practice" effects. Psychophysiology 1985;22:69-78. 

SLEEp, Vol. 24, No.7, 2001 769 Sleep in the Laboratory and Sleep at Home II-Edinger et al-



, ....... =. 

------------------------------------..~ 

26. Hauri P. The sleep disorders. 2nd ed. Kalamazoo, MI: Upjohn, 
1992. 
27. Spielman AJ, Saskin P, Thorpy MJ. Treatment of chronic insomnia 
by restriction of time in bed. Sleep,1987; 10:45-55. 
28. Rechtschaffen A, Verdone P. Amount of dreaming: Effect of incen­
tive and adaptation to laboratory and individual differences. Percept Mot 
Skills, 1964;19:947-58. 
29. Agnew HW, Webb WB, Williams RL. The first night effect: An 
EEG study of sleep. Psychophysiology, 1966;2:263-66. 
30. Mendel J, Hawkins DR. Sleep laboratory adaptation in normal sub­
jects and depressed patients ("first night effect"). 
Electroencephalography and Clin Neurophysiology, 1967;22:556-58. 
31. Schmidt HS, Kaelbling R. A differential laboratory adaptation of 
sleep parameters. BioI Psychiatry, 1971 ;3:33-45. 
32. Hauri P, Olmstead E. Reverse first night effect in insomnia. Sleep 
1989; 12:97-105. 
33. Sharpley AL, Solomon R, Cowen P. First night effect on sleep 
using ambulatory cassette recording. Sleep 1988;11:273-276. 
34. Edinger 10, Marsh GR, McCall WV, Erwin CW, Lininger AW. 
Sleep variability across consecutive nights of home monitoring in older 
mixed DIMS patients. Sleep 1991;14:13-17. 
35. Edinger 10, Fins AI, Sullivan RI, Jr., Marsh GR, Dailey D, Hope 
TV, Young M, Shaw E, Carlson D, Vasilas D. Sleep in the laboratory and 
sleep at home: comparisons of older insomniacs and normal sleepers, 
Sleep 1997;20: 1119-26. 
36. Schramm E, Hohagen F, Grasshoff MA, Riemann D, Hajak G, 
Weeb H-G, Berger M. Test-retest reliability and validity of the strucrured 
interview for sleep disorder according to DSM-ill-R. Am J Psychiatry, 
1993;150:867-72. 
37. American Psychiatric Association. Diagnostic and statistical man­
ual of mental disorders (fourth edition revised). Washington, DC: APA 
1994. 
38. Structured Clinical Interview for DSM-ill-R (SClD). Washington, 
DC: American Psychiatric Press, 1990. 
39. Hoelscher TJ, Erwin CW, Marsh GR, Webb MD, Radtke RA, 
Lininger A. Ambulatory sleep monitoring with the Oxford Medilog 
9000: technical acceptability, patient acceptance, and clinical indica­
tions. Sleep 1987;10:606-07. 
40. Edinger 10, Hoelscher TJ, Webb MD, Marsh GR, Radtke RA, 
Erwin CWo Polysornnographic assessment of DIMS: empirical evalua­
tion ofits diagnostic value. Sleep 1989;12:315-22. 
41. Ancoli-Isreal S, Kripke DF, Mason W, Messin S. Comparisons of 
home sleep recordings and polysornnography in older adults with sleep 
disorders. Sleep 1981 ;4:283-91. 
42. Sewitch DE, Kupfer DJ. A comparison of Telediagnostic and 
Medilog systems for recording normal sleep in the home environment. 
Psychophysiology, 1985;22:718. 
43. Rechtshaffen A, Kales A. A manual of standardized terminology, 
techniques, and scoring systems of sleep stages of human subjects. Los 
Angeles, CA: UCLA Brain Information Service/ Brain Research 
Institute, 1968. 
44. Hoelscher TJ, McCall WV, Powell J, Marsh GR, Erwin Cw. Two 
methods for scoring sleep with the Oxford Medilog 9000: comparison to 
conventional paper scoring. Sleep 1989;12:133-39. 
45. Edinger JD, Glenn DM, Bastian LA, Marsh GR, Dailey, Hope TV, 
Young M, Shaw E, Meeks G Daytime testing after laboratory or home­
based polysornnography: comparisons of middle-aged insomnia suffer­
ers and normal sleepers. Unpublished Manuscript. 
46. Shapiro, S. S. & Wilk, M. B. An analysis of variance test for nor­
mality (complete samples). Biometrika, 1965;52:591-611. 

SLEEp, Vol. 24, No.7, 2001 no Sleep in the Laboratory and Sleep at Home II-Edinger et al 



Oxford BioSignals Ltd 
Magdalen Centre 

Oxford Science Park 
Oxford OX4 4GA 

Centers for Medicare and Medicaid Services Telephone +44 (0) 1865336170 
+44 (0) 1865784840 7500 Security Blvd 

Fax +44 (0) 1865336180 Room CI-12-13 www.oxford-biosignals.com
Mailstop CI-09-06 
Baltimore, MD 21244 

Attention: Ms Francina Spencer 
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Dear Ms Spencer 

CPAP Therapy for Obstructive Sleep Apnea, Project Number (CAG-0093R) 

As part of the national Medicare and Medicaid coverage determination (60117) which is 
under consideration by the CMS, we are writing to express our full support for the revision 
that would permit Medicare beneficiaries to receive multichannel home sleep testing as an 
alternative to attended polysomnography (PSG) sleep studies. 

We are writing on behalf of Oxford Biosignals Limited, a technology company based in 
Oxford, United Kingdom, with a specialist knowledge in sleep diagnostics in relation to 
Sleep Disordered Breathing (SDB) and the identification of Obstructive Sleep Apnea (OSA). 
We believe our technology can provide significant clinical and economic advantages for the 
patient and Medicare program, especially in relation to identifying SDB and its contribution 
to the progression of cardiovascular disease. 

Oxford Biosignals has developed a technology which uses single-channel 
electroencephalography (EEG) to overcome the shortcomings currently experienced by 
respiratory-only technology in the assessment of OSA and sleep disturbance in the patient's 
home. We believe that the technology can be used as a valuable addition alongside the other 
respiratory channels in the accurate diagnosis of sleep disorders. 

We have developed an FDA-approved device called BioSomnia to facilitate the assessment 
of sleep EEG in the home environment. The device has 3 leads (versus the normal PSG 
minimum of 8 for EEG, EOG and EMG) allowing easy patient set-up and operation. It 
provides an automated and secure analysis of a patient's sleep statistics (Appendix 2) We are 
also developing a next generation 'wireless' device for optimum patient ease of use. 

The technology has been proven to be as accurate as the existing PSG technologies (see 
Appendix I), but more importantly allows the determination of wake and sleep times 
enabling the precise calculation of a patient's ApnealHypopnea Index (AHI). The AHI index 
is vitally important in assessing the severity of OSA, high AHI values corresponding to 
severe OSA. Policy 60-17 on CPAP therapy for OSA states clearly that "AHI is equal to the 
averaged number of episodes of apnea and hypopnea per hour and must be based on a 

Registered office 30 Upper High Street, Thame, Oxon OX9 3EZ 

Registered in England, Company Number 3955861 
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minimum of 2 hours ofsleep n. It is therefore vitally important to know when the patient is 
asleep and hence be able to calculate the Total Sleep Period (period of time from sleep onset 
to fmal awakening) and the Total Sleep Time (Total Sleep Period less movement and awake 
time). Both of these parameters have been shown in comparative studies with full PSG to be 
accurately calculated by the BioSomnia software (see Appendix 1). 

Home testing of our technology has also identified several other benefits including: 

A patient's ability to sleep comfortably in their home environment 
A reduced delay in the scheduling of sleep clinic studies 
The reduced cost of sleep studies, whilst maintaining diagnostic accuracy 
Faster turn around of results 

We have extensive support for our technology ranging from home monitoring trials through 
to sleep validation assessment against the existing PSG monitoring benchmarks and believe 
that our technology will facilitate the advent of multichannel sleep monitoring in the home. 

In summary, we request that the Centers for Medicare and Medicaid Services consider our 
technology as a valuable addition to the 'physician toolkit' in enabling the accurate 
assessment of OSA and in reducing the longer term cost expenditure in relation to 
cardiovascular disease. 

We would welcome the opportunity to discuss the content of this letter with you and/or 
present our technology more fully to any of your experts. 

We will contact you shortly, in the meantime please do not hesitate to contact us if you have 
any questions. 

Yours sincerely 

Matthew Walls Prof. Lionel Tarassenko 
Chief Executive Office Technical Director 
Oxford BioSignals Ltd Oxford BioSignals Ltd 

Chair of Electrical Engineering 
University ofOxford 
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Oxford BioSignals Ltd 
Magdalen Centre 

Oxford Science Park 
Oxford OX4 4GA 

Telephone +44 (O) 1865336170 
+44 (0) 1865784840 

Fax +44 (0) 1865336180 

Appendix 1 

Validation of BioSomnia with respect to full PSG - A Summary 

The BioSomnia device is a single-channel ambulatory EEG analysis device which has been 
approved by the FDA as an adjunct to a physician in the diagnosis of sleep disorders in the 
patient's home environment. It has been assessed against full polysomnography (PSG) in a 
number of clinical studies carried out by independent expert. 

The main study is that of Schweitzer et al. (2004) and the paper reporting its findings has 
been accepted for publication. Schweitzer et ai. obtained 64 all-night sleep recording from 36 
patients suffering from OSA (35 male, I female), with an age range from 35 to 77 years. 
They compared the values of sleep parameters calculated by the BioSomnia software with 
visual analysis of the PSG data by experienced sleep experts according to the Rechstaffen and 
Kales (R&K) criteria. They found no statistical differences between the BioSomnia and PSG 
analyses for the major sleep parameters of Sleep Latency (time period measured from "lights 
out" to sleep onset), Total Sleep Period (period of time from sleep onset to final awakening), 
Intermittent Time Awake and Number of Micro-Arousals. The average of Total Sleep Time 
(Total Sleep Period less movement and awake time) computed by BioSomnia for all 
recordings was within 3.2% of that determined by visual R&K analysis of the PSG (323 
minutes versus 334 minutes). They conclude by describing BioSomnia as "a useful and 
sufficiently valid screening method to differentiate between sleep and wakefulness in 
ambulatory sleep medicine". 

This conclusion is also reached by Stores et ai. (2002) who report that the BioSomina 
software "provides reliable results of clinical value". In a study with six healthy adult 
volunteers in their own homes, they found that Total Sleep Time and Total Sleep Period 
estimates from BioSomnia were within 4% and I %, respectively, of those obtained from PSG 
and R&K analysis. Similarly, Buchanan et al. (2003), in a study of 26 OSA patients, found 
no statistically significant differences between the values of Total Sleep Time, Sleep 
Efficiency and Intermittent Time Awake calculated by the BioSomnia software and those 
obtained from PSG plus R&K analysis. They conclude that BioSomnia "provides a simple 
computerized scoring of overnight sleep studies, a more sensitive analysis of the sleep 
continuum and reduces the overall time of analysis of sleep studies as compared to the 
traditional R&K analysis." 

Registered office 30 Upper High Street, Thame, Oxon OX9 3EZ 

Registered in England, Company Number 3955861 
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Finally, Minto and Espie (2004) have investigated the use of BioSomnia for home studies of 
patients with persistent primary insomnia. They recruited 14 male and 16 female subjects into 
their study and recorded single-channel EEG at home for two consecutive nights. They 
comment that "BioSomnia provides several benefits for sleep investigation. It provides output 
that mimics both R&K analysis and American Sleep Disorders Association (ASDA) arousal 
analysis. It is convenient and simple to use. It can therefore be used in the home environment 
with minimal disruption and is likely to generate reliable data. Collecting data at home helps 
eliminate the "first night effect" of laboratory-based experiments." They found that data loss 
in their clinical studies as a result of electrode problems was minimal. In more recent work 
(yet to be published) with 63 patients who provided 122 recordings, there were only 5 
recordings lost as a result ofproblems with the EEG electrodes (i.e. 4% data loss). 

References: 

1. 	 Buchanan F, Wiltshire N, Catterall JR and Kendrick AH. (2003). Sleep Staging in 
Obstructive Sleep Apnoea (OSA): Comparison of Neural Network Analysis (NNA) to 
Manual Scoring with R&K. Abstracts ofAmerican Thoracic Society meeting. 

2. 	 Minto J and Espie CA. (2004). An investigation of cognitive and physiological 
arousal associated with persistent primary insomnia incorporating validation of 
BioSleep software. Submitted for publication. 

3. 	 Schweitzer M, Mohammad A, Binder R, Steinberg R, Schreiber WH and Weess HG. 
(2004). BioSomnia validity of a mobile system to detect sleep and sleep quality. 
Somn%gie, in press. 

4. 	 Stores G, Braithwaite E and Crawford C. (2002). Evaluation of a single-channel 
neural network sleep analysis system. Abstracts of 1(/h Congress ofEuropean Sleep 
Research Society. 

Prof. Lionel Tarassenko 
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BioSomnia “A Revolution in Sleep Monitoring” 
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• Single-channel EEG recorded using 3 leads. 

• Includes automated microarousal detection. 

• Disposable electrodes positioned below the 
hairline for easy application. 

• Small, lightweight and ambulatory. 

• Easy to operate, unobtrusive overnight recording 

• Instant results on download, no need for manual 
scoring of EEG. 

• Results validated against 
expert scoring. 
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• BioSomnia Plus adds a depth of Sleep Hypnogram for increased 
clinical information and visualisation of the sleep profile. 

• The BioSomnia Plus Hypnogram displays, on a second by 
second basis throughout the study, the probability of the patient 
being awake, in light sleep/REM or in deep sleep. 

• Data can be exported for further statistical analysis. 

The BioSomnia product family 
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Bio Somnia 

A typical BioSomnia Plus Hypnogram 

Hypnogram of patient diagnosed with OSA 



 

Functional 

• BioSomnia Set-Up 

Simple Wizard driven software to be completed while 
BioSomnia is connected to a host PC 

• Input Channel 

Red connector – Active EEG electrode 

Black connector – EEG reference electrode 

Green connector – Neutral/ indifferent electrode 

• Recording Duration 

Up to 24 hours 

• Recording Medium 

Non-volatile solid state memory chips 

• Display 

Two lines of twelve characters 

• User Control 

Single user push button control for event marking 

• Electrode Impedance 

Automatically monitored by BioSomnia device 

Physical 

• Dimensions 

120mm long x 78mm wide x 37mm deep 

• Weight 

241g with batteries 

Environmental 

• Operating Temperature 

+10ºC to +40ºC 

Power Supply 

• Battery Powered 

Two ‘AA’ disposable or rechargeable cells 

Results 

• Display of Results 

Automatically displayed 
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BioSomnia device 

BioSomnia and BioSomnia Plus Specifications 

Oxford BioSignals Limited 

Magdalen Centre Oxford Science Park, Oxford OX4 4GA UK 
Telephone: +44 (0)1865 336170 
Fax: +44 (0)1865 336180 
E-mail: enquiries@oxford-biosignals.com 
Website: www.oxford-biosignals.com 

BioSomnia Plus with accessories and software 251-A-0 

BioSomnia with accessories and software 250-A-0 

BioSomnia Accessories 
PC interface cable SA 250003-01 

Battery compartment tool CM 15001 

Monitor pouch and shoulder strap SA 25001-01 

BioSomnia Consumables 
EEG Electrodes – Disposable (Pack of 10) CA 11001 

Batteries – Disposable (Pack of 2) CM 16001 
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Patients with OSAHS may present to a sleep clinic or to other specialists with symptoms that are not 
immediately attributable to the condition. The diagnostic methods available are reviewed. 

Keywords: sleep apnoea hypopnoea syndrome; diagnosis; clinical presentation 

Abbreviations: AHI, apnoealhypopnoea index; EOS, excessive daytime sleepiness; ESS, Epworth 
sleepiness scale; MSL T, multiple sleep latency test; MWT, maintenance of wakefulness test; 001, oxygen 
desaturation index; OSAHS, obstructive sleep apnoea hypopnoea syndrome; PSG, polysomnography; 
RIP, respiratory induclance plethysmography; SDB, sleep disordered breathing 

The obstructive sleep apnoea hypopnoea syndrome (OSAHS) has been described as a public health 
problem comparable to smoking in its effects upon society.1 However, it is largely unrecognised and 
undiagnosed.2 Young et al estimated that 93% of women and 82% of men with moderate to severe 
OSAHS are not diagnosed.3 Yet these patients are being seen by doctors on a regular basis; a telephone 
survey in the UK of approximately 5000 individuals aged 15-100 years found that 31 % of those with 
breathing pauses during sleep had sought medical help more than six times in the previous 12 months 
compared with 12% of snorers and 11.9% of non-snorers. They sought medical treatment from their GP 
for a variety of physical complaints-not obviously related to a sleep problem-more than twice as often as 
patients without OSAHS.2 The failure to recognise the syndrome is in part due to lack of training in sleep 
medicine (a study of all UK medical schools showed that students received a median of 5 minutes 
teaching in all aspects of sleep medicine throughout their lraining4) and a general lack of awareness. 
Many of the symptoms are non-specific and have other possible causes.S Failure to recognise OSAHS is 
costly both to the individual and to society; underdiagnosis is thought to cost the USA $3.4 billion in 
additional medical costs per year.6 To this figure must be added the cost of losses in productivity, 
accidents, etc.7,8 

Because OSAHS is so common, has considerable effects upon patients and their partners, increases the 
risk of other diseases, can be effectively treated, and is so often unrecognised, it is important to improve 
the way these patients are diagnosed. The first step is to increase awareness among doctors and the 
general public and for a simple sleep history to become part of the normal systems review taught at 
medical school. 

This review will focus both on how patients present to sleep clinics and how they may present to other 
specialists with symptoms that are not immediately attributed to OSAHS. 
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Patients are predominantly referred to a sleep clinic because they complain of excessive daytime 
sleepiness (EDS) or their partner complains about the noise of their snoring or expresses concern about 
witnessed apnoeas.9 

Snoring 
Snoring is very common in the general population; 35-45% of men and 15-28% of women report haMual 
snoring.2,10 Loud intrusive snoring affects bed partners, family, and even neighbours. Noise pollution and 
its resulting social disability, relationship disharmony and threatened marriage break up11 Is an important 
reason why the patient, often pressurised by their partner, seeks medical help, In this case the "patient" is 
often more correctly the partner as the individual concerned is not aware of any adverse affects from 
his/her snoring other than the irritation reported by others, Snoring is also the most frequent symptom of 
OSAHS, occurring in 70-95% of patients, 12 but because it is so common in the general population it is a 
poor predictor of OSAHS, 13 However, the absence of snoring makes OSAHS unlikely; only 6% of patients 
with OSAHS do not report snoring, 14 but it should be appreciated that a patient's perception of his/her 
snoring may be inaccurate. Three quarters of patients who deny snoring turn out to snore when this is 
measured objectively,15 Whenever possible, an account from a third party should be obtained, 

Excessive daytime sleepiness 
Excessive daytime sleepiness is caused by fragmented sleep related to frequent arousals, Like snoring, it 
is common and a poor discriminator of the patient with OSAHS, 30-50% of the general population without 
OSAHS report moderate to severe sleepiness,1 0, 16 It is important to differentiate true sleepiness (the 
urge to sleep) from various forms of tiredness such as lethargy, malaise or exhaustion, Patients 
themselves may underreport their sleepiness, 17 either because they are not aware of it or because there 
are social pressures to deny that it is a problem. They may not have considered other obvious causes of 
EDS such as drugs and shift work, and these should always be asked about in the history, The possibility 
of dual causes such as shift work and OSAHS should also be considered. 

Several tools are available for measuring sleepiness both subjectively and objectively. There is no gold 
standard, but the easiest and most practical is the Epworth sleepiness scale (ESS), 18 Drawbacks include 
poor correlation with the severity of OSAHS and the disadvantages that accompany any self-evaluated 
test such as misperception of sleep episodes and the possibility of cheating, The input of the partner is 
very useful. 19 The major advantages of the ESS are that it is simple, quick, inexpensive, and has a high 
test-retest reliability,20 Objective tests have obvious advantages but are time consuming and may not 
reflect everyday activity. They include the multiple sleep latency test (MSLT),21 the maintenance of 
wakefulness test (MWT),22 and the Osler test,23 Patients may also have neurocognitive deficits and 
psychological problems such as difficulty concentrating, poor memory, cognitive performance and 
personality changes with irritability and mood swings,g These problems may be of greater consequence to 
the patient than EDS, but routine psychometric assessment is not practical in clinical practice. 

Witnessed apnoeas and nocturnal choking 
Concern by the bed partner about breathing pauses witnessed during sleep is the third common reason 
for referral to a sleep clinic. However, bed partners rarely give a reliable account about apnoeas during 
sleep and even trained medical staff are poor at diagnosing respiratory events in patients with OSAHS 
through clinical observation.24 Female patients with OSAHS are less likely to report nocturnal 
apnoeas25,26 and witnessed apnoeas may be reported in up to 6% of the normal non-apnoeic 
population,25 The patient may report waking up with acute paniC and choking, These episodes usually 
only last for a few seconds but can cause considerable distress, both to the patient and the partner. They 
have to be differentiated from other causes of nocturnal breathlessness such as paroxysmal nocturnal 
dyspnoea in the patient with left ventricular failure, nocturnal asthma, acute laryngeal stridor, or 
Cheyne-Stokes respiration in patients with heart failure, Episodes of breathlessness in these conditions 
usually last longer and/or there is other evidence of the condition in question. 

http:observation.24
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The pathophysiological consequences of OSAHS can affect almost every organ in the body and patients 
can present to other medical specialties with symptoms related to, caused by, or exacerbated by 
OSAHS.27 It is important that clinicians are aware of the various ways in which OSAHS may manifest in 
their specialty, as in some cases treatment of the OSAHS results in an improvement in-or even complete 
resolution of-these symptoms.28-30 Furthermore, treatment of some conditions such as hypothyroidism31 
and acromegaly32 may result in resolution of OSAHS. 11 is beyond the scope of this review to describe in 
detail the presentation to various medical specialties but an overview is given in table 1 .33,34 

View this table: 
[in this window] 
[in a new window] 

Table 1 How OSAHS might present to non-sleep specialists 
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The diagnosis of OSAHS is based on the characteristic clinical features together with objective 
demonstration of sleep disordered breathing (SOB). The American Sleep Disorders Association (ASDA) 
has proposed guidelines and a classification of severity of OSAHS (box 1 ).20 This emphasises that the 
diagnosis of OSAHS is not based solely on the detection of respiratory events, but equally includes clinical 
factors such as sleepiness and impairment of social or occupational functioning. 

Box 1 American Sleep Disorders Association (ASDA) classification of OSAHS 

a.. Sleepiness 

a.. Mild: unwanted sleepiness or involuntary sleep episodes occur during activities that require little 
attention 

b.. Moderate: unwanted sleepiness or involuntary sleep episodes occur during activities that require 
some attention 

http:OSAHS.27
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c,' Severe: unwanted sleepiness or involuntary sleep episodes occur during activities that require 
active attention 

b" Sleep related obstructive breathing events (apnoea, hypopnoea, and respiratory effort related 
arousals): 

a" Mild: 5-15 events/hour of sleep 

b.. Moderate: 15-30 events/hour of sleep 

c.. Severe: >30 events/hour of sleep 

Clinical assessment 
Clinical assessment alone is not sufficient to make the diagnosis of OSAHS. Even sleep experts have 
been reported to be wrong in 50% of cases when making the diagnosis on history and examination 
alone,14,35 None of the common presenting symptoms alone has sufficient discriminatory value to make 
an accurate dlagnosls.13 Combining constellations of symptoms can Improve diagnostic accuracy. loud 
snoring and witnessed apnoeas identified OSAHS with a sensitivity of 78% and a specificity of 67%.36 In a 
large study of 5000 subjects, those reporting habitual loud snoring and frequent breathing pauses were 
3-4 times more likely to have an apnoea/hypopnoea Index (AHI) of >15 than Ihose who did not have any of 
these symptoms.37 These findings are In keeping with results from previOUS studies.13, 14,36,38,39 
Although obesity is an important risk factor for OSAHS, 50% of patients are not clinically obese (body 
mass index >30 kg2).40 Location of fat deposition, especially anterolateral to the upper airway, Is more 
Important.40 Neck circumference has conSistently been shown to be a strong predictor of OSAHS,41 ,35 
values of <37 cm and >48 cm being associated with a low and high risk, respectively. Certain craniofacial 
abnormalities are associated with OSAHS. Tonsillar hypertrophy, retro9nathia, micrognathia, and certain 
facial configurations have been detected by cephalometry, MRI, or CT scans to be present in some 
patients with OSAHS,42 but are of little predictive value. However, some are potentially amenable to 
surgical correction. Routine upper airway Imaging Is not currently recommended. 

Clinical prediction models 
Prediction models for both primary and secondary care that calculate the probability of a patient having 
OSAHS using self-reported symptoms combined with demographic and anthropometriC data have been 
developed to try to Improve the predictive value of clinical variables. With Increasing recognition of 
OSAHS, the demand for diagnostic services is rising and such models may help to select patients for 
further evaluation. One author claimed that the number of polysomnographlc investigations could be 
reduced by nearly 40% using one such model.43 They are low cost and can be performed in the clinic; 
however, when tested prospectively, they have a high sensitivity (76-96%) but a low specifiCity 
(13-54%).43 Furthermore, most have not been validated in populations such as the elderly, ethnic 
minorities, and in the primary care setting, in all of which the presentation of OSAHS may be very different 
from that seen in a sleep clinic.44 Further validation of the clinical usefulness and cost effectiveness of 
such an approach is required. 

Tests for sleep disordered breathing 
Full polysomnography (PSG) is traditionally regarded as the gold standard for the diagnosis of OSAHS. 
Typically, it requires admission to hospital with a trained technician present throughout the night. It Is time 
consuming, expensive, and the large variety of techniques, equipment, and diagnostic criteria used by 

http:clinic.44
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different sleep centres make evaluation and comparison of PSG data difficult.45 Redline et al showed that 
the respiratory disturbance index can vary 10-fold depending on the definitions of the respiratory variables 
used for the diagnosis of OSAHS. This could lead to a situation where the same patient could be 
diagnosed and treated in one centre and be declared not to have OSAHS in another,46 Furthermore, PSG 
has not undergone the rigorous evaluation of accuracy, reliability, and validity expected for a "gold 
standard" diagnostic test.45 The AHI, the primary index extracted from PSG, is poorly correlated with 
EDS, increases in normal people with age,47 and has not been shown to predict short or long term 
morbidity or mortality. This leads some authors to question whether PSG can be regarded as a gold 
standard and reference tool when evaluating alternative diagnostic tests,48,49 

There are two different aspects to full PSG-monitoring of various parameters reflecting respiration and 
monitoring cortical brain activity to assess the presence or absence of sleep and its stage. The constraints 
of space preclude a comprehensive review of all the various devices available for the investigation of 
SDB, but the most important issues will be addressed. 

Monitoring of respiration 
The diagnosis of SDB rests upon detecting changes in oronasal airflow and respiratory effort to define 
apnoeas and hypopnoeas. However, increased work of breathing usually, but not always, associated with 
loud snoring alone can lead to sleep disruption and daytime symptoms. This has been described as the 
upper airway resistance syndrome. 50 Whether it is part of the OSAHS spectrum or presents a distinct 
syndrome is controversial.51 ,52 Classically, it requires measurement of changes in oesophageal 
pressure.20,50 The definition of apnoeas and hypopnoeas is arbitrary and other respiratory effort related 
events20 and episodes of inspiratory flow limitation may be important. 

In patients with moderate to severe OSAHS the reproducibility of the respiratory parameters from night to 
night is good.53 For milder OSAHS a single negative study may not exclude OSAHS and a second study 
should be considered.54,55 Sleep position, acclimatisation to a foreign sleep environment, concurrent 
respiratory tract infections, and variable alcohol and drug use are thought to be responsible for night to 
night variability in both respiratory and sleep parameters. Most airflow sensors detect apnoeas reliably, but 
the detection and quantification of decreased flow needed to diagnose hypopnoeas depends on the type 
of sensor used. Hypopnoeas make up the majority of obstructive respiratory events46 and therefore 
measurement needs to be reliable. Oronasal airflow can be measured using thermistors which detect 
changes in temperature with respiration. Unfortunately, the response is not linear and therefore they 
cannot be used to determine hypopnoeas reliably. Furthermore, their accuracy varies greatly depending 
on the position of the sensors, the sleep position of the patient, the presence of nasal obstruction, and the 
make of the thermoelement used.56 For these reasons the ASDA Task Force does not recommend 
thermoelements for the detection of obstructive respiratory events.2Q Despite this, they continue to be 
used for flow detection in many commercially available sleep diagnostic systems. Nasal pressure sensors 
connected to the nose via nasal prongs are more accurate than thermoelements in detecting 
hypopnoeas.57 However, nasal pressure is falsely increased in the presence of nasal obstruction and 
there is a non-linear relation between nasal pressure and nasal flow. Square root linearisation of nasal 
pressure greatly increases the accuracy for quantifying hypopnoeas and detecting flow Iimitation.58,59 
Mouth breathing can affect the measurement but pure mouth breathing is uncommon.60 

Respiratory effort can be assessed in a number of different ways. Chest and abdominal wall motion can 
be measured by strain gauges, pressure transducers, or by measuring the impedance of wires placed 
around the chest and abdomen. This allows the distinction between central events, characterised by a 
reduction in respiratory effort, and obstructive events in which efforts continue, usually with a phase shift 
between chest wall and abdominal wall motion; as the diaphragm descends the abdomen moves out but, 
because of upper airway obstruction, the thorax is subjected to large negative pressures and is sucked in. 
Respiratory inductance plethysmography (RIP) detects changes in the volume of the chest and abdomen 
during inspiration and expiration and, when proparly calibrated, the sum of the two signals can provide an 
estimate of tidal volume.61 However, calibration may be difficult to maintain throughout the night.62 RIP 
allows an acceptable semi-quantitative measurement of ventilation and therefore hypopnoeas. The ASDA 
Task Force recommends the use of RIP or measurement of nasal pressure using nasal cannulae to 
detect airflow and ventilation.20 
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Monitoring of sleep 
Sleep quality and stage is monitored by electroencephalography (EEG), electro-oculography (EOG), chin 
electromyography (EMG) and analysed by criteria agreed in the 1960s.63 These have been modified 
subsequently, in particular with the recognition that much shorter periods of arousal (so called "micro 
arousals") may be important Electrophysiological monitoring allows confirmation that sleep has taken 
place, gives data about the amounts of different sleep stages and sleep quality, and can quantify the 
number of arousals which might reasonably be expected to be a good predictor of one of the most 
important symptoms of obstructive sleep apnoea-namely, EDS. Unfortunately, a number of studies have 
failed to show any relationship between the arousal index or any other of the sleep quality variables with 
daytime symptoms.49,64,65 Furthermore, there is poor reproducibility of the scoring of arousals.66 
Douglas et al67 showed that the addition of electrophysiological analysis of sleep did not alter the 
diagnosis in 200 consecutive patients being investigated for possible OSAHS. It could be diagnosed as 
accurately by measuring the number of apnoeas + hypopnoeas per time in bed as by the number of 
apnoeas + hypopnoeas per time asleep (AHI). 

Despite its widespread use and many advocates, the evidence does not support the need for full PSG in 
the routine diagnosis of OSAHS. One other approach to the recording of sleep is wrist activity monitoring. 
Although it is not reoommended routinely in the diagnosis, it may be a useful adjunct to a detailed history 
in the assessment of sleep disorders.68 

Objective confirmation of OSAHS 
Various different approaches have been developed. These range through attended full PSG, unattended 
full PSG. limited PSG to oximetry, or movement detectors alone. Split night studies have been used; in 
patients with an AHI of >40 recorded in the first 2 hours of PSG the diagnosis of OSAHS can be made 
reliably without proceeding to a full night study. The second part of the night can be used for continuous 
positive airway pressure (CPAP) titration with accurate CPAP estimation.45 There is a trend for studies to 
be performed in the patient's home rather than hospital. Home stUdies have the theoretical advantage that 
patients can sleep in their own environment without occupying a hospital sleep laboratory bed, providing 
more representative data in a cost effective way.69 Failure due to technical problems can occur in 5-20% 
of cases.45,70 Repeat testing Increases costs. Factors such as patient disability or transportation 
problems make home studies impractical for some.71 Further validation and evaluation of the cost 
effectiveness of home studies is required. 

Limited sleep studies usually quantify obstructive respiratory events wHhout recording sleep. They typically 
include the measurement of oronasal airflow, chest wall and abdominal effort, ECG and oxygen saturation 
(Sp02). In addition, leg and eye movement, body position, and snoring may be reoorded. The systems are 
usually portable and can be used at home. The potential advantages of these systems are that they are 
cheaper, less labour and time intensive, and technically less challenging. The main disadvantage is that 
the lack of sleep recording leads to uncertainty when deciding if respiratory events occur during 
wakefulness or sleep. Surrogates of sleep such as motion detectors72 and static beds73 attempt to 
estimate times of wakefulness but are poorly validated and do not appear to improve sensitivity or 
specificity.45 Furthermore, the study by Douglas at al45 suggests that documentation of sleep does not 
affect the final diagnosis. Generally, there is good correlation between the AHI obtained from limited 
channel devices and PSG.74 The sensitivities and specificities of limited in-laboratory devices are 82-94% 
and 82-100%, respectively.75,76 A systematic review in 1997 concluded that full PSG may not be 
necessary to diagnose OSAHS and that limited in-laboratory cardiorespiratory studies in patients with a 
clinical suspicion of OSAHS may suffice.?7 

Newer techniques 
The effects of the large intrapleural pressure swings during obstructive respiratory events on the 
autonomic nervous system, pulse, and blood pressure have given rise to the development of newer 
non-invasive techniques to measure apnoea or hypopnoea. 

Indirect measurement of peripheral vasoconstriction and transient tachycardia through a finger 
plethysmograph,78 analysis of very low frequency components of heart rate variability,79 and the 
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measurement of the change of pulse transit time80 during apnoeas have revealed promising results. 
Furthermore, pulse transit time can be used to differentiate between obstructive and central events.81 

Pulse oximetry 
Transcutaneous nocturnal pulse oximetry is increasingly being used for inRial screening for OSAHS as it is 
inexpensive and can be simply applied and interpretedA7 Oxygen desaturations are common with 
obstructive apnoeas but can be absent with hypopnoeas or in events with increased upper airway 
resistance. They also occur frequently in other cardiovascular and respiratory conditions unrelated to 
airway obstruction, resulting in false positive results. The parameters reported vary widely but include total 
number of desaturations, oxygen desaturation index (ODI), desaturations per hour, highest, lowest and 
mean Sp02, and cumulative time Sp02 spent below 90%. A 4% desaturation is most commonly 
considered to be significant, but 3% and 5% desaturations are also used. As with the AHI criteria, there is 
no consensus as to the ODI which represents a normal or abnormal result but commonly used thresholds 
are ODI >5, >10, and >15. Nocturnal artefacts, inaccurate readings in obese patients, and the presence of 
hypotension and haemoglobin abnormalities can limit the accuracy of the results. Devices with low 
sampling rates, used in some home pulse oximeters to preserve memory, can significantly underestimate 
oxygen dips.82 Furthermore, it is important for there to be a visual print out of the oximeter trace; artefacts 
are more easily seen and the pattern of oximetry may indicate that the calculated AHI may be an 
underestimate-for instance, if the patient did not sleep for a period of the night. 

The sensitivity of nocturnal pulse oximetry in the diagnosis of OSAHS ranges from 31 % to 98% and 
specificity from 41% to 100%. This wide range of reported sensRivities and specificities results from the 
great diversity in criteria definition, populations studied, and devices used.83 In the study by Douglas et al 
66% of patients with OSAHS could be diagnosed with oximetry alone, but many of the patients 
undiagnosed by oximetry had moderately severe OSAHS and benefited from treatment.67 Nocturnal 
pulse oximetry performed prospectively in 275 patients suspected of OSAHS in the laboratory and 
compared with full PSG reported sensitivities of 80%, 71 % and 63% and specificities of 89%, 93% and 
99% for ODls of >5, >10, and >15, respectively.84 The authors argued that the number of full PSG 
recordings could be reduced by up to 50% using nocturnal pulse oximetry. 

Pulse oximetry is probably most useful in patients with a high suspicion for OSAHS based on clinical 
features.83,85,86 The combination of a high 001 and high pretest clinical suspicion can be regarded as 
sufficient to make a diagnosis of OSAHS. Patients with suspected OSAHS who have a negative pulse 
oximetry trace or have significant concurrent respiratory or cardiovascular disease need further 
investigationA7 It may also be useful in excluding sleep apnoea in snorers with a low clinical suspicion for 
OSAHS.87 The 4% dip rate has been shown to be the best oximetry derived variable predicting 
symptomatic benefit from CPAP.88 
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The history and examination are key to making the diagnosis of OSAHS and are sometimes overlooked in 
the debate about which technology is most appropriate. The history should be targeted towards making 
the diagnosis, but also assessing disease severity, the impact on social and occupational function, as well 
as on the patient's quality of life. The presence of significant cardiovascular, respiratory, and neurological 
co-morbidity should also be determined. This assessment should include the bed partner's report 
whenever possible. In a significant proportion of patients the diagnosis can be made by oximetry alone, 
and in most of the remainder by limited PSG although close attention needs to be 9iven to the parameters 
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recorded and the instruments used. Full PSG remains useful in research and for occasional patients who 
cannot be diagnosed using the simpler strategies. The future lies in the development of less intrusive 
systems to identify accurately those patients most likely to benefit from treatment 
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05-03-2004 

To: Centers ofMedicare and Medicaid Services 

Re: Approval of ambulatory studies for Medicare and Medicaid patients Proposed by 
Terence Davidson, MD 

As a Sleep Medicine specialist practicing for past ten years I am very disturbed by Dr. 
Davidson's' proposal of approving home based sleep testing for Medicare and 
Medicate. I personally have had extensive experience with limited sleep monitoring 
over past ten years. Unfortunately, after extensively field testing most if not all, 
available systems I can definitively state that home testing in elderly population is 
totally inappropriate as it is fraught with unacceptable failure rate and does not 
provide adequate data to form medical conclusions as far as diagnosis and treatment 
are concerned. We also have not found it to be cost effective. With high failure rate 
and necessity of at least two recording sessions (one diagnostic and one treatment) 
home studies proved to be vastly inferior to sleep center based recordings. Facility 
based recordings have virtually no failure rate and most of the tome require only one 
night for diagnosis and treatment thus making it significantly better from technical 
and cost savings point ofview. We are privileged to have close working relationships 
with majority of Southern California Health Maintenance Organizations. Over the 
years various models were tried and closely evaluated for quality and cost 
effectiveness. As of now all HMO covered patients are being evaluated in facility 
based sleep centers for above-mentioned reasons. 
Furthermore Medicare and Medicaid patients usually require close observation and 
technician involvement to produce quality study, which would not be available during 
home-based recordings thus further increasing failure rate and driving up cost and 
utilization. 

Should you have any questions, please do not hesitate to contact me. 

Sincerely, 

~q?// 
Yury Furman, MD 

Diplomate, American Board of Sleep Medicine 
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From: New England Polysomnographic Society 

250 Pleasant Street 

Concord, NH 03301 


To: Steve Phurrough, MD, MPA 

Director. Coverage and Analysis Group 

Centers for Medicare and Medicaid Services 

From: Board of Directors 

New England Polysomnographic Society 

Re: Home Polysomnography Coverage 

Dear Dr. Phurrough, 

As providers of medical services in the tield of sleep medicine. we are writing you this 
letter to voice our opposition to home polysomnography coverage. We had an 
opportunity to read Dr. Davidson's position paper regarding the purported "benefits' of 
home sleep studies, and wholeheartedly disagree with ma1Y of his points. Dr. Davidson 
states that not only is it an advantage to patients to have tr..is study at home, but that it 
would be less expensive. While initially it may be slightly less expensive, we believe that 
in the long term, it would be more expensive and provide poor care for patients with 
sleep disorders. 

There is no substitute for having an attended sleep study in a lab environment. 
Technologists do not simply apply electrodes and turn out the lights. A great deal of 
information is gathered from the patient through observations and conversations while in 
the lab, Also crucial information is disseminated to the pat,ent regarding not only the test. 
but also treatment. We have found that this opportunity to educate the patient while in 
the lab greaUy influences CPAP compliance. Unfortunately, patients who have been 
poorly educated and have had minimal medical contact will be much less likely to ~se 
CPAP treatment after their study. (Making this a complete waste of time and money) 

While home testing does monitor similar parameters, its reliability must be questioned. A 
trained polysomnographer in a lab setting has the ability to determine if equipment is 
malfunctioning or is giving accurate information. (A poorly placed or loose sensor can 
easily give the impression that a person has a sleep breathing disorder. and these 
sensors frequently become displaced during the night) A laboratory sleep study is a 
'controlled" environment that eliminates the possibility of misdiagnosis due to 
environmental factors or patient behaviors. 



Dr. Davidson made a point suggests that "home sleep studies are sufficient for routine 
sleep apneal SDB cases". We would argue that there are few "routine" sleep apnea 
cases with the older and disabled populations. Many patients report symptoms that are 
consistent with sleep breathing disorders, but turn out to be something completely 
different. Within the realm of sleep-disordered breathing. OSA. CSA. Cheyne-Slakes 
breathing and obesity hypoventilation can be difficult to differentiate simply from digital 
waveforms. Observations in the lab help interpret the subtle differences between these 
disorders, and direct the appropriate course of treatment 

One area in particular of Dr. Davidson's proposition made us very concerned. This is 
point 7E: "Multichannel home sleep diagnostic dispenSing and titration is far easier than 
PSG lab setups and therefore can be performed by a greater number of practitioners, 
such as ENT surgeons, cardiologists, PCP's and others". SJeep is a very unique field 
and sleep boarded physicians and polysomnographers are uniquely trained and 
experienced to handle the task. If any physician is allowed ~o order and interpret this 
data it will be a great disservice to the patient. 

Surgeons may not offer CPAP as an option to their patients. opting for surgical 
intervention instead. (Estimates Show 50% of operations performed do not control S08) 
PCP's often still are unaware or less than knowledgeable aIbout CPAP therapy. 
Ultimately this will lead to unsuccessful treatments and outcomes for many patients. 
Home titration (especially if considered with an auto-titrating machine) is in our opinion 
irresponsible and ineffective. 

Please consider these factors when evaluating home diagnostiC testing in the field of 
sleep medicine. We could go on and on regarding the benefits of laboratory testing 
versus a home study. but we know you are very busy. Thank you very much for your 
time. if you have any questions please feel free to email blund@crhcorg. 

Sincerely. 

The Board of Directors 

New England Polysomnographic Society 

Ramon PaqiJette~ President 

Brett lUOd- Vice Presl~ent 

A!yCia Greco- Treasurer 

Lisa Gasl<ln· L"llislattve Chair 

Chris oark- EduC<ltional Chair 

Loretta Wilmarth- Board Member 

Patrick Sorenson- Board Member 

Tammy Tetu- Board Member 
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Willi~m c. Dement. M.D.• Ph.D., Director School of Medicine 
Dcputmcnl of Psychiatry 

1il!J: and Behavioral Sciences 

May 8,2004 

VIA FACSIMlLE: (410) 786-9286 

Ms. Francina C. Spencer 

Lead Analyst 

Ob~troctive Sleep Apnea Coverage Determination 

Coverage and Analysis Group 

Office of Clinical Standards and Quality 

Centers for Medicare and Medicaid Services 


Dear Ms. Spencer: 

I am writing to support a national coverage decision for the diagnosis and treatment of 

obstructive sleep apnea to include multi-channel home sleep testing and auto-CPAP 

titration as an alternative to polysomnography (pSG). 


1) 	 Numerous scientifically sound studies reveallhat obstructive sleep apnea (OSA) 
contributes to hypertension, heart attack, stroke, heart failure. cardiac arrhythmia, 
nocturia, gastroesophageal reflux disease, asthma. obeSity, diabetes, and early death. 
It is a modifiable risk factor for motor vehicle accidents. Its adverse impact on quality 
of life is treatable. The telm sleep disordered breathing (SOB) is now used 
synonymously with the older term OSA. SOB can be identified in 4% of adult males 
and 2% of adult females using an AlII ~ 15. '~ 

SBD oe<:urs in 80% of Medicare patients with congestive heart failure, and tlley 
benefit substantially from CPAP therapy 

2) 	 Medicare patients with SBD are under-diagnosed because they experience impaired 
access to care. 

3) 	 Sleep medicine is not well integrated into medical practice. Medicare patients have 
previously had to rely on diagnostic polysomnographic testing that could only be 
done in sleep laboratories. The capacity for performing polysomnogrsphy is limited, 
and recent advances in technology now allow for the accurate diagnosis of routine 
sleep apnea/SOB cases at home within a continuum of care. 

4) 	 Multi-channel home sleep testing and auto-titration CP AP offer the opportunity to 
improve access to care for the treatment of SBD. 
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5) 	 A large and growing body of evidence demonstrates excellent correlation between 
multi-channel home sleep testing and PSG. 
a) Multi-channel home sleep testing uses the same respiratory equipment, oximetry 

monitoring, and chest and abdominal monitoring equipment as PSG. 
b) 	 The outputs from PSG and multi-channel home sleep tests are very similar. 

(Although sleep stages and efficiency are useful infonnation, they are not required 
to diagnose the presence of a sleep-related breathing disorder.) 

6) 	 Advantages of multi-channel home sleep testing are: 
a) Lower costs than traditional PSG testing 
b) Test is perfonned in the privacy of the patient's own home and bed 
c) Simplicity of testing, with wires and leads being less numerous than traditional 

PSG and can be completed by an unattended patient. 
d) Multi-channel home sleep diagnostics and titration is easier and faster to 

accomplish than PSG. 

7) 	 Multi-Channel home testing and auto-CPAP titration will allow primary care 
practitioners, cardiologists, ear nose and throat (m-I"T) surgeons, and other healthcare 
providers to rapidly and accurately diagnose and begin therapy, thus helping to 
alleviate the enonnous lack of access that Medicare patients experience in the 
treatment of this condition. 

Thus, it is proposed that multi-channel home sleep testing and auto-titration CPAP be 
used as an alternative to polysomnography to improve access to care for Medicare 
patients with OSA. 

Very y yours, 

~M .,1. ~-f..~-----­
William C. Dement, M.D., Ph.D. 
Lowell W. and Josephine Q. Berry Professor of Psychiatry and Sleep Medicine in the 
Department of Psychiatry and Behavioral Sciences 
Director, Sleep Disorders Clinic and Research Center 
Stanford University 
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May 7, 2004 

Steve Phurrough, M.D., MPA 
Director, Coverage and Analysis Group 
Office of Clinical Standards and Quality 
Centers for Medicare and Medicaid Services 
7500 Security Boulevard 
Baltimore, MD 21244-1850 

Dear Dr. Phurrough: 

We have been made aware of the recent request for modification ofpolicy 
CIN6017 forwarded to CMS by Dr. Terrance Davidson. It is our 
understanding that this application includes a request for the approval of 
portable home monitoring evaluation as an alternative to facility-based 
polysomnography for the diagnosis of obstructive sleep apnea in Medicare 
patients. 

The Sleep Research Society is a society of approximately 1,000 members 
working in the area of basic and clinical sleep research. Many ofour 
members work in the area of sleep apnea research and also practice 
clinical sleep medicine. We disapprove of the suggested change of poliey 
based on currently available research findings and the acceptable standard 
of practice within the sleep medicine field. 

Whereas home portable monitoring diagnosis may in some cases be 
helpful to the diagnosis of sleep apnea under highly controlled 
experimental conditions, it is impossible with the current level of 
heterogeneity in the type of systems/monitors used to recommend this 
practice. Additionally, it is almost certain these readings will be 
frequently evaluated by untrained staff and not by trained sleep 
professionals, leading to many errors. In fact, current publications do not 
support the use ofhome portable monitoring without professioual 
attendance. High rates of diagnosis misclassifieations and errors have 
even been reported in one study evaluating the use of a limited-channel 
home recording monitoring device. A state-of-the-art in-laboratory study 
remains the best way to make a defmitive diagnosis that will allow proper 
long-term treatment. 

The Sleep Research Society is concerned that the uncontrolled use of 
home portable monitoring can at best be used for screening in the context 
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ofepidemiological studies and will miss a significant number ofreal sleep 
apnea eases in clinical practic-e. Additionally, it is our experience that 
many patients have complex pictures with combined diagnosis; for 
example, narcolepsy and sleep apnea, and these patients will be ill served 
with a hasty evaluation and diagnosis. Only in the context ofa proper 
clinical evaluation by a trained sleep physician, can any diagnostic test be 
properly interpreted. 

In summary, we feel patient evaluations and therefore subsequent 
treatments will not be well served by reducing the standard leading to a 
proper diagnosis. At the research level, peer-reviewed publieations 
indicating that unattended home monitoring ean replace attended 
laboratory sleep testing are simply not available and thus moving in this 
direction will be haphazard and scientifically unacceptable. 

We will be very happy to provide you with additional information ifneed 
be. Please do not hesitate to contact the Sleep Research Society ifyou 
have any additional questions on our position. 

Sineerely, 

~ 
Emmanuel Mignot, M.D., Ph.D. 
President, Sleep Research Society 
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Steve Phurrough, MD, MP A 
Director, Coverage and Analysis Group 
Office ofClinical Standards and Quality 
S3-26-27 
Centers for Medicare and Medicaid Services 
7500 Security Boulevard 
Baltimore MD 21244-1850 

Re: NCA Tracking Sheet for Continuous Positive Airway Pressure (CP AP) Therapy 
for Obstructive Sleep Apnea (OSA) (CAG-00093R) 

Dear Dr. Phurrough: 

The American Academy ofSleep Medicine would like to comment on the request for 
modification ofpoIicy CIM 60-17 forwarded to CMS by Terence M. Davidson M.D. 
It is our understanding that this application incorporates a request for the approval of 
portable home monitoring (unattended portable monitoring) as an alternative to 

facility-based polysomnography (attended monitoring) in Medicare patients with 
(suspected) obstructive sleep apnea for the purpose ofprescribing CP AP. 

For the purposes of clarity, previously established definitions for attended and 
unattended will be used throughout this discussion (1): a) in attended monitoring, 
personnel are physically present throughout recording session b) in unattended 
monitoring, trained personnel are not physically present throughout recording session. 

To summarize the position of the American Academy of Sleep Medicine, there is 
insufficient evidence to support the use of home portable monitoring as it is currently 
applied in clinical practice to confirm or exclude the diagnosis of sleep apnea prior to 
initiating CP AP or for the titration of CP AP in the treatment of sleep apnea. A 
careful evidence-based analysis does not support the use ofportable home monitoring 
for this purpose. There also is no eompelling evidence that the welfare of the patients 
would be improved by encouraging the use ofportable home monitoring to diagnose 
sleep apnea by practitioners who have limited training in sleep medicine. To the 
contrary, the Academy feels that extensive use of non-standardized techniques for 
portable home monitoring, especially by practitioners with little or no training in the 
evaluation and treatment of sleep disorders, may increase the likelihood of inaccurate 
diagnosis and treatment, and may contribute to an esealation of unnecessary health 
care costs. This increase in incorrect diagnosis would be expected to substantially 
increase uunecessary prescription of CP AP. 

The utility of unattended portable monitoring in the diagnosis of the sleep apnea 
syndrome rests on more than the recording accuracy of a somnographic device. 
Historically, the field of Sleep Medicine has placed a high priority on the provision of 

One WestbroOK Corporate Center, Suite 920, Westchester, IL 60154 

~' Phone: 7081492-0930, Fax: 7081492-0943, Email: aasm@aasmnetorg 
www,aasmnet.org 

http:www,aasmnet.org


comprehensive clinical care to patients with sleep disorders. Specifically, the 
standards for care emphasize that polysomnographic evaluation should only occur 
within the context of a full evaluation of the patient by a trained expert in Sleep 
Medicine. Thus, the evaluation process includes comprehensive clinical assessment, 
accurate somnographic evaluation, appropriate diagnosis based on polysomnography 
and consultation, selection of appropriate treatment and demonstration that the chosen 
therapy is effective. Each component has standardization and quality assurance 
components to ensure optimal patient care. The demonstration of effective therapy is 
most often incorporated into patient management in sleep laboratories and is 
recognized under the current Medicare coverage policy which requires a facility­
based polysomnography (CPT codes 95810 or 95811) in order for CPAP to be 
covered. 

One of the common paradigms for management of sleep apnea syndrome is to 
provide these components through a sleep center that can ensure quality for all or 
some of the components. This commonly includes clinical reassessment when a 
referring physician has not provided a_comprehensive clinical evaluation with respeet 
to the patient's sleep-related complaint, clinical attention to multiple problems that 
contribute to or complicate the presenting complaint, and administration of 
multimodal therapy, Centralizing this complex patient management paradigm helps 
to ensure high quality, efficient, and cost-effective patient care by linking 
appropriately educated, trained, and qualified practitioners to the tests being ordered 
and the therapy provided. Degrading this paradigm by disseminating a myriad of 
monitoring instruments to be used in a non-standardized method by practitioners who 
do not have the appropriate skill set runs the substantial risk of similarly degrading 
the quality and efficiency ofpatient care, On the other hand, centralization ofpatient 
management arguably creates obstacles to access to care. 

Before considering a change in CMS policy, tlrree questions need to be carefully 
addressed regarding the use of home portable monitoring in obstmctive sleep apnea. 
These questions will be discussed in the context of the request for modifieation of 
policy eM! 60-17. 

Do sleep centers meet the current needs for diagnosis and management ofsleep 
apnea? 

Inadequate aceess to sleep laboratory diagnosis has recently been cited as a potential 
rationale for the use ofhome portable polysomnography (2, 3). Certainly marked 
regional variations in the number of laboratory polysomnographies performed (3) 
suggests that in some areas either identification of clinical disease or access to 
laboratories or both may be restricting the initiation of appropriate therapy for sleep 
apnea. 

Currently, sleep laboratories in the United States are perfonning an estimated 1.5 to 
two million polysomnographies a year. Based on a 16% sample from an unpublished 
survey of the 728 AASM accredited sleep centers in the fall of 2003, there are 
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approximately 1.8 million patients being seen and 980,000 polysomnographic studies 
performed per year in accredited facilities. Among the mUltidisciplinary practitioners 
seeing these sleep patients are 2,656 board-certified sleep specialists. The number 
and volume ofunaccredited laboratories likely far exceeds that of accredited 
laboratories. Integrating the aforementioned infoDnation results in a very conservative 
estimated volume of polysornnographies of 1.5 to 2 million per year. This is well 
within the fange ofprevious estimates.(3) 

Though previous estimates ofdisease prevalence for sleep apnea would suggest that a 
large proportion ofpatients were undiagnosed (4), it is not clear that there are 
prohibitive delays to scheduling patients for necessary evaluation and treatment in the 
current setting of rapidly expanding laboratory resources. The metric most often 
utilized for determining the effect of limited laboratory availability on diagnosis and 
treatment is the time patients wait for laboratory diagnostic procedures. 
Unfortunately, accurate assessments for these delays are not available on a national 
basis. Nevertheless, it is clear that, with the exception of the VA system where market 
forces are not in effect, in many areas patients wait for diagnostic procedures for less 
than one month for a condition that is usually stable for many years.(2) Sleep 
laboratories should and do exercise the option to prioritize patients who have more 
snbstantial and immediate risks so that performance of polysomnography is expedited 
in such patients. 

/s unattended portable monitoring an accurate way to assess the severity of 
obstructive sleep apnea? 

Decisions regarding medical policy should rely, when possible, on evidence based 
medicine rather than references to case series or uncontrolled clinical trials. The 
process of evidence grading should include guideline construction based on the 
highest levels of evidence performed by those with expertise in the process of 
evidence grading and familiarity with the content area. An extensive and broad-based 
evidence review and guideline paper has just been completed on portable monitoring 
(5) with participation and endorsement from three professional organizations: the 
American Academy of Sleep Medicine, the American Thoracic Society, and the 
American College of Chest Physicians. Evidence was graded according to a 
standardized process and recommendations were based on levels of evidence. (6, 7) 

This guideline paper on portable monitoring detailed the range ofmonitoring from 
single parameters to multichannel recording and portable polysomnography. Based 
on clinical evidence grading of 49 articles, this published guideline does not 
recommend portable monitoring without direct supervision of a technician (i.e., 
nnattended portable monitoring), thus home portable monitoring is not recommended. 
Eight of the fourteen articles cited in Dr. Davidson's request are included in this 
evidence review. One of the articles cited by Dr. Davidson has not yet been reviewed 
or pnblished by a peer-reviewed journal. Additional articles included with the request 
by Dr. Davidson are include in a subsequent evidence-based review below. 
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Are there newer studies whieh would justifY a change in the guideline 
recommendations since its publication? A supplemental literature review was 
conducted to capture any studies published after the literature review for the original 
guideline paper on portable monitoring. A total of 59 new articles were captured in 
this supplemental search. Ofthese articles, 6 met the inclusion criteria for the 
literature search described in the original guideline paper, and were classified as 
follows. Four of the 6 articles described studies using a Type 3 monitor (minimum of 
4 channels monitored, including ventilation or airflow, heart rate or EKG, and oxygen 
saturation), 1 article described a study using a Type 2 monitor (minimum of7 
channels monitored, which is similar to in-laboratory polysomnography), and 1 article 
described a study using a Type 4 monitor (1-2 channels, including oxygen saturation 
or airflow). The addition offour studies of Level II evidence grade to the Type 3 
monitor group discussed in the original paper does indicate that higher-level evidence 
is beginning to accumulate for Type 3 monitors. However, the variability in the false 
negative results confirms the original conclusion that the reliability of the Type 3 
monitors for making patient-care decisions is below acceptable standards. Similarly, 
the addition of one study apiece (each of Level II evidence grade) to the Type 2 and 
Type 4 monitor groups discussed in the original paper, does not change the 
conclusion that these type ofmonitors should not be used in an unattended setting. 
Thus, despite the addition ofthe studies derived this supplemental literature review, 
the original conclusion from the prior guideline paper is lmchanged: home portable 
monitoring is not recommended. 

In contrast to the evidence-based process above, the request in section 9 refers to a 
limited number of studies without evidence review. In addition, the comment in this 
section: 'There are no reports ofpoor correlations, error in diagnosis or adverse 
events as a result ofmultichannel home sleep testing in these studies" is an inaccurate 
representation of the published limitations ofportable monitoring. In three 
investigations, poor quality necessitated exclusion of 5 to 20% ofpolysomnographic 
recordings performed in the home.(8-1 0) One study noted a fOUT-fold higher rate of 
failure in home vs laboratory polysomnography.(8) Disease misclassification rates 
have recently been reported in up to 65% ofpatients with limited channel home 
recordings. (11) The Academy is concerned that the literature review provided by Dr. 
Davidson is cursory and overstated and provides no new infonnation beyond already 
published practice parameter papers. 

It could be argued that in single research studies with very large cohorts such as the 
Sleep Heart Health Study (12-14), polysomnography demonstrated highly 
reproducible results that were similar in the attended laboratory setting and with 
unattended portable monitoring. These studies, however, have highly standardized 
processes of technician training, quality assurance, and standardization ofprocedures 
(15) that exceed the requirements of accredited sleep laboratories. These standards 
are never duplicated for pOliable home monitoring procedures performed for clinical 
purposes. Extrapolation from the results in large research studies would suggest that 
any clinical practice paradigm incorporating home monitoring would need to include 
a credentialing process requiring standards and instrumentation similar to those used 
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in these studies. Such standards would likely exceed those currently in effect for full 
laboratory polysornnography. The converse of standardization, i.e., non-standardized 
techniques and equipment, can result in serious errors in ascertairnnent. Varying the 
criteria for the definition of respiratory events can result in differences in disease 
prevalence ranging from II % to 83% in the same population.(IO) 

Is it appropriate to have home portable monitoring ordered and performed by 
surgeons, cardiologists, and primary care physicians [or dentists} as part ofthe 
clinical evaluations ofsleep apnea? 

Obstructive sleep apnea is a syndrome that often presents with an array 
neurocognitive, behavioral, and cardiovascular consequences. In many cases, the 
presenting symptoms may be quite subtle. A correct decision for perfo=ing any 
polysornnographic study is based on an appropriate clinical evaluation ofpatient 
complaints and identification of any alternative or contributing causes for symptoms 
as diverse as daytime sleepiness, depressed mood and increasing peripheral edema. 
These symptoms may reflect etiologies as diverse and common as insufficient sleep, 
restless legs syndrome, depression and venous insufficiency. The ability of the 
practitioner to dete=ine whether a respiratory disturbance index of 9 on a 
polysomnographic study in a symptomatic patient is clinically significant will depend 
on the clinician's skill set. (CP AP therapy for an RDI of9 is currently reimbursable 
in symptomatic patients and this RDI was the median value in an unselected random 
patient population in the Sleep Heart Health Study).(10) The skill of the clinician 
making the dete=ination of when to order a polysornnographic study and how to act 
on the results is variably dete=ined by type of training and clinical experience. 
Thus, the greatest expertise will be exemplified by those clinicians who are certified 
as Sleep Medicine specialists. 

Increasingly, outcomes research has demonstrated that care for a number of common 
conditions is better delivered by specialists in that field. For example, Go et al 
concluded that "Patients with coronary disease or heart failure in the United States 
who are treated by cardiologists appear more likely to receive evidence-based care 
and probably have better outcomes" in comparison to generalist physicians.(16) For 
critically ill patients, it is now generally accepted that care given in a "closed" ICU 
fo=at by intensivists results in improved clinical outcomes.(17) As a consequence, 
the Leapfrog group now recommends that ICU's be staffed around the clock by 
intensivists.(18) There has been less evidence validating the effectiveness of sleep 
specialists. Nevertheless, emerging data in the field of Sleep Medicine does support 
the premise that specialists deliver better and more cost effective care than non-sleep 
specialists.(19) This conclusion with respect to sleep apnea and polysornnographic 
monitoring has been fo=alized by both the Canadian and American Thoracic 
Societies as well as the American Academy of Sleep Medicine.(20-22) 

Sleep Medicine is a specialty ofmedicine. The purpose of having specialty training 
and certification in Sleep Medicine is to offer the highest quality of care to patients. 
Sleep Medicine has had an established certifying examination since 1978 and the 
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American Board of Sleep Medicine was founded in 1991. There are currently 2,656 
board-certified sleep specialists. Furthermore, the Accreditation Council for Graduate 
Medical Education recently has established requirements for fellowship training in 
Sleep Medicine. 

Most Sleep Medicine specialists practice within the context of sleep disorders centers 
or laboratories. Many such facilities are accredited by the American Academy of 
Sleep Medicine indicating that they have mel the Academy's standard for delivery of 
safe and high quality care for sleep disorders patients. hI contrast, purveyors of 
ambulatory limited channel recordings are often poorly trained, nnregulated and not 
subject to any quality assurance standards. As noted previously, in order to obtain 
useful data from such recordings, stringent quality standards need to be enforced. 
Thus, CMS's current requirement that the diagnosis of sleep apnea be made in 
laboratory-based facilities is both reasonable and prudent. Accepting the argnment 
made by Dr. Davidson that cardiologists and other practitioners (such as dentists) 
untrained in Sleep Medicine are competent to interpret any level of sleep study, much 
less unattended and often technically poor limited charmel studies, would lead to poor 
quality of care, over-utilization of resources and increase the probability of inaccurate 
or missed diagnoses. Snch a scenario would be analogous to an otolaryngologist 
interpreting an echocardiogram to diagnose valvular heart disease. Hospital 
credentialing eommittees would never approve such privileging and it is unreasonable 
that CMS should consider acquiescing to it either. 

The Academy appreciates the opportunity to provide you 'With these COllllllcnts and 
we look forward to meeting with you and your staff later this month. Please feel free 
to contact our Executive Director Jerry Barrett, 708-492-0930 if you would like any 
further information on this matter. 

Sincerely, 

())I.\.~MO 
Conrad Ther, MD 
President, Ameriean Academy of Sleep Medicine 

CC: 	 Jesse Polansky, MD, MPH 
Tiffany Sanders, l\1D 
Francina Spencer 
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Background: A variety of devices are used to evaluate patients with a 
potential diagnosis of obstructive sleep apnea (OSA). A commitlee com­
prised of members of the American Academy of Sleep Medicine, American 
Thoracic Society, and American College of Chest Physicians systemati­
cally evaluated data on the use of these devices and developed practice 
parameters. 
Devices reviewed: Three categories of portable monitoring (PM) devices 
were reviewed with regard to assessing the probability of identifying an 
apnea-hypopnea index (AHI) of greater or less than 15 in atlended and 
unatlended setlings. Type 2 (minimum of seven channels, including EEG, 
EOG, chin EMG, ECG or heart rate, airflow, respiratory effort, oxygen sat­
uration), Type 3 (minimum of four channels, including ventilation or airflow 
(at least tva channels of respiratory movement, or respiratory movement 
and airflow), heart rate or EGG and oxygen saturation) and Type 4 (most 
monitors of this type measure a single parameter or two parameters) 
devices were evaluated, and in-laboratory, atlended polysomnography 
was used as a reference. 
Specific recommendations: 
(1) Insufficient evidence is available to recommend the use of Type 2 PM 
devices in attended or unattended settings. 
(2) Type 3 PM devices appear to be capable of being used in an atlend­
ed setting to increase or to decrease the probability that a patient has an 
apnea-hypopnea index greater than 15. 
(3) The use of Type 3 PM devices in an unatlended setting is not recom­
mended to rule in, rule out, or both rule in and rule out a diagnosis of OSA. 
(4) There is some evidence that the use of Type 3 PM devices in an 
atlended in-laboratory setling may be acceptable to both rule in and rule 
out a diagnosis of OSA if certain limitations are in place. These limitations 

include manually scoring the records, using the devices only in patients 
without significant comorbid conditions, having an awareness that symp­
tomatic patients with a negative study should have aType 1study, and not 
using these devices for titrating positive airway pressure or conducting 
split-night studies. 
(5) The use of Type 4 PM devices in atlended or unatlended setlings is 
not recommended. 
General Recommendations: Type 3 and 4 PM devices cannot score 
sleep and, therefore, do not meet some current Medicare guidelines. The 
use of PM devices is not recommended for general-population screening 
or in the absence of a pretest probability of the patient having a diagnosis 
of OSA, for complaints other than those associated with OSA, without 
review of raw data during interpretation, by physicians without familiarity 
with their use and limitations, and without trained personnel to perform 
technical scoring. Future research should address the use of PM devices 
in patients with comorbid conditions; non-White patients and women; larg­
er, betler-controlled studies; studies focused on the use of Type 2 and 3 
devices; studies focusing on decision making and outcomes rather than 
simple classification using arbitrary cutoffs; and studies that seek to eluci­
date cost-effectiveness data on the use of PM devices. 
Key Words: sleep apnea, obstructive; sleep disorders, diagnosis; 
polysomnography; practice guidelines; standards; consensus; quality 
assurance; sleep apnea syndromes; sleep-disordered breathing 
Citation: Practice parameters for the use of portable monitoring devices 
in the investigation of suspected obstructive sleep apnea in adults. Ajoint 
project sponsored by the American Academy of Sleep Medicine, the 
American Thoracic Society, and the American College of Chest 
Physicians. SLEEP 2003;26(7):907-13. 

INTRODUCTION 

OBSTRUCTIVE SLEEP APNEA (OSA) IS A COMMON DISOR­
DER THAT AFFECTS BOTH CHILDREN AND ADULTS. It is char­
acterized by periods of breathing cessation (apnea) and periods of 
reduced breathing (hypopnea). Both types of events have similar patho­
physiology and are generally considered equal with respect to their 
impact on patients. Accurately counting these events and assessing their 
impact on sleep, oxygen desaturation, and disruption of normal physiol­
ogy form the basis of diagnostic polysonmography. 

The standard approach to diagnosing OSA is in-laboratory, techni­
cian-attended, polysomnography. Portable monitoring (PM) has been 
proposed as a substitute for polysomnography in the diagnostic assess­
ment of patients with suspected OSA. The proponents suggest that PM 
requires less technical expertise, is less labor intensive and time con­
suming, and is easier for patients to access. The term portable monitor­
jng encompasses a wide range of devices that can record as many sig­
nals as does attended polysomnography or only 1 signal, such as oxime­
try. The use of PM to establish the diagnosis of OSA has been the sub­
ject of previous reviews of the literature. 
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In addition to these reviews, previous guidelines on the use of PM 
were issued between 1994 and 1999 by a number of authors, including 
the American Academy of Sleep Medicine, (AASM, formerly the 
American Sleep Disorders Association),]·3 The Agency for Health Care 
Research and Quality (AHRQ----fomlerly the Agency for Health Care 
Policy and Research),4 and ECRI (formerly the Emergency Care 
Research Institute).5 Although differences in analysis techniques and 
classification ofPM devices exists among these studies, a uniformity of 
recommendations resulted. Succinctly summarized, these reports indi­
cate that at the present time there is insufficient evidence to recommend 
the widespread use of PM devices compared to traditional, technician­
attended, laboratory-based polysomnography (Table 1). Nevertheless, 
PM devices are widely used in locations where patient access to attend­
ed laboratory polysomnography is limited or non-existent. There has 
also been a continuing development of new technology. Because poli­
cies guiding the development ofAASM practice parameters indicate that 
all practice parameters are to be reviewed at least every 5 years, most of 
the AASM guidelines on the use of PM devices were approaching sun­
set review provisions. When the AASM was in the process of conduct-
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ing a rev:ew (If the literature that had been published since the 19941 and 
1997 practice parnmeters2,3 were developed. the American Thoracic 
Society tATS) and the A!ncrican College of Chest Physicians (ACCP) 
were also considering uildertaking similar projects -on this complex 
issue. After discmsion at an ACCP-hosted conferen~e on PM in 
September 2002 j the 3 groups joined forces in this process. Additio~al 
groups that expressed a willingness::o assist with input were the Narior:al 
A,ljsoclation tor the Medical Directors of Respiratory Care and the 
Au,1ralasian Sleep Association. 

The AI'S. the AASM, and the ACCP identified members of a Steering 
Committee; Evidence Review Committee, and Guideline-Writing 
Committee, The final products are 3 coordinated pUblications: a review 
paper,1S this practice-parameters paper, and an executive summary.! The 
procedures and methods used in this project arc outlined. briefly ir. this 
paper bnt are provided in much greater detail for the interested reader in 
the companion review paper, The detailed. conflict of interest policy 
adopted is discussed in the review paper. [1.0] It is noted that ali three 
members of the Guideline Writing Committee are directors of Rcadem­
ic sleep disorders centers and are experience,d in the use of both 
polysomnography and various portable monitoring devi~cs in their clin­
ical and/or research work, although none participate in industJY spon­
sored research trials on PM devices for me diagnosis of apnea, or have 
financial interests outlined in the review paper in the conflict of interest 
exclusions. 

This practice parameters paper ls based entirely or: the evidence pre­
sented ir. the review paper and 1S neirher a consensus paper nor a state­
ment of acceptable clinical practice based on expert opinion. The limi­
tations on the strength of tl:e recommendations are ontiined in detail 
below. 

METHODS 

The compiling of evidence in the review paper6 was collected by the 
Research '{riangle Institute (Udversity of North Carolina) under con­
tract for this project and focused primarily on artides published since the 
1997 AASM revicw,L,3 A meta-analysis ofrc3ults was not used because 
too much heterogeneity existed between studies with res-pect to types of 
signals measured, criteria used to define a breathing evcT.t. scoring of 
signals from PM devices, and study quality_ Once collected, the articles 
were rated using the method of Sackett et alg to establish their levds of 
evidence. This mcthod for rating the evidence of published studies 
regarding diagnostic tcsts was used because it closely aligns 'with accept­
ed methuds llsed for rating the quality of articles regarding therapeutics 
and prognosis. In addition this method focuses on the key aspects of the 
design of studies that arc used to evaluate diagnostic tests: avoidir;g 
selection bias (by using a consecutively referred sample of patients}, 
blindir.g interpreters, and avoiding veritlcation bias (by performing the 
reference standard on all subjects), The Evidence Review Committee 
then compiled and analyzed these data and issued the companion report 
referred to as the review paper,6 which wlll be frequently cited in this 

Table 1-Portable Monitoring DCVlcCS 

Type uf Pomblp .'Wunlturing Device 	 PJlranlf'1:.ers M.easured 

Type 2 
Cump::elJcnsive Portable 	 PO]YSOIn!1Qgraphy \-iillinrl.lm of 7 ch~'1ne\s, 

1!l~b.ldil)g ekctroenoeplNlogra.vn, 
ele(:trooCl.lI(lgr.am. chin elect:ro:nyogram, 
electrOClrdiogrum or hea:1 :ate, airflow, 
!e:>pi::o:OIY cffott. and oxygen :Hlturatiofl 

Type] 
;\lorlificd Pomble Sleep Apne3Testit(: 	 ;>'liui~'jnt of 4 cr..2.t::1e2; nlO::i:lored. inc:uding 

venmatior. or ail'flow (at leas: 2 channe:, of 
respiratory movement. n~ rb?:ralory 
movemer.: and :tdiow), :ieart rate or 
e;c~1]\)c!L"diogram. a:ld oxygen saru.."1lHon 

Type 4 
Coolinucm Single or Dual Blopaf1lmete~ Oile or::: ::r.JlImeis, t)'piGllly i:lcluding QXy~' 

saturation 0: ~jrfl{lW 
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document through the use of numbers in square brackets, referring to a 
specific section or sections of the review paper. 

Based on data from the review paper, this paper identifies recom­
mended practice parame~ers for using PM to study adult patients with 
slJspected OSA, They define principles of practice that should meet the 
needs of most patients in most situations. These practice parameters 
should not, however, be considered inciusive of all proper methods of 
-care or exclusive· of other methods of ('·are reasonably directed to obtain­
ing the sa~e results nor of those that cor.sider the particular needs of the 
patient and available resources. The ultimate judgment, regarding the 
propriety of any specii1c care, must be made by the physician in 1ight of 
the individual circl.;.mstar.ces presented by the parient and the available 
diagnostic and treatment options and resources. The AASM, the A:I'S, 
and the ACC}> expect these practice parameters to have a positive impact 
on professional beha,rior, patient outcomes, and possibly healthcare 
costs. These practice parwneters reflect t~e state of knowledge at publi­
cation and will be re...iewed, updated, and revis.ed as new infomlation 
becomes available, It is hoped that thes~ practice parame'X-fS and the 
future research section 'NiH stimuiate better studieil to evaluate the role 
of PM devices in the evaiuation of OSA patier:ts. 

BACKGROUND 

The authors of the review paper> selected 3 endpoints to bl! used in 
their detailed review and anaiysis ofpublished data. They evaluated the 
ability of PM devices to reduce the probability that a patient has an 
abnormal apnca-hypopnca index 	(AHI) (to rute out the disorder), 
increase the probability that a patient has an abnormal AHI (to rule in the 
disorder), and both reduce and increase the probability that a patient has 
an abnonnal AHI (to both ruJe out and rule in the disorder). 

The authors also reviewed secondary endpoint.., including the repm­
ducibility of PM results, the costs and benefits ofusing of PM aCHc!!."!, 

the failure rateil ofPM devIces, patient populations studIed, and the g<'11­
eralizability of findings. 

Four types of sleep-study monitoring devices are referenced in the 
review paper and V'iere ddi:r.ed as TyPe] -standard, in-laboratory, tech­
nician-attended, overnigbt polysomnography-and 3 types of PM 
cevLces: Type 2--"-(:omprehensive portable polysomnography; Type 3 _. 
modified portable sleep-apnea testing; and Typc 4~·contlnuoug single or 
dual b10parameter recordir:g (Table 1). Using the review-paper data 
a:r.al)'$1s (t).'pes of monitors, sensitivity, specificity, likelihood ratios, 
pretest and pesttest probabiiities, study biases, patients" coraorbid con­
ditions, nondiagr:ostic results, etc.). the authors of these practice param­
eters dctennincd the utility of the devices. to provide reliahle diagnoses 
for patients with OSA. '\1aking this determination was a much more 
complex task than sin:ply evaluating a single endpoint; it required that 
tte data be compiled in a conprehcnsive manner to provide f.nswers: to 
practical diagl10stic and treatment questions that are generated When a 
patient is: referred to a sleep laboratory. The authors: developed the prac­
tice parameters after ide-ntifyir.g the strengths, deficiencies. and reliabil­
ity or reproducibility of the devices, as provided ill the review papt'oc6 

LIMITATIONS 

In order to correctly apply these practice p:uameters in the appropri­
ate clinical setting, the physicia.n must be cognizant of both the limita­
tions of the data and of applications related to patient care. 

The assessment of the utility of PM device. is based on the AHI 

The main method of comparison betwecn PM devices and the gold 
standard (polysomnography) was based on the agreement in the AHls 
and/or using thresholds of severity defining sleep apnea to assess the 
agreement of PMs with polysomnography in identifying patients with or 
without OSA. Other methods of comparison such as a decision to treat 
or observe may be mo.re meaningful but was not generally possible from 
tce evideooee. Tt:e currer:t ap;Jroach has limitations since only minor dif­
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ferences. hewlcen the ARI from a PM device and polysortlt!6graphy can 
degrade sensitivity and specificity if the difference cross~ an arbitrary 
threshold. For example, an AHI of 12 on one test and 17 on another will 
lead to apparent disagreement if a threshold value of AHI of 15 
episodes/hour is used even though the difference is not clinicaUy mean­
ingfuL Patient outcomes may be a more meaningful endpolr.t but would 
need to be assessed in studies of complete pathways. Such studies 
would likely compsre both the efticacy ofdiagnostic and treatment algo~ 
rithms based on information from PM devices with similar algorithms 
based on polysomnography. The outcomes would likely depend on both 
the accuracy of information obtained from the PM devices and the utiliM 
ty of the associated algorithms. 

The use of in laboratory polysomnogi'aphy as the gold standard has limi­
tations 

The e-yicence-based analysis used the AHJ determined in tbe labora­
tory by polysomnogrnphy as the gold standard. However, it is possible 
that some patients slept more poorly in the laboratory than at home (the 
polysorr-•.nography AHl could underestimate the typicaiscverity) or spent 
more time in the supine posiJion in the laboratory (::he polysomnography 
AHI could overestimate the typical severity), 

These recommendations are based on the premise that polysomnogo­
phy is available for patients. Previous AASM gmdelines adcressed 
some eX3.mples of when portable monitoring migh: be an acceptable 
alternative ir. the absence (,r available polysomnography I, These 
induded: (1) for p&icnts with severe clinical symptoms that are indica­
tive of OS A, ar.d when initiation of treatment is urgent and standard 
polysomnography is not readily <!vailable; (2) for patienls unable to be 
studied in the sleep laboratory; (3) for follow-t.'P studies where diagno­
sis has been establi:;hed by standard polysomnography and therapy has 
been initiated, and the i::ttent is a comparison to evaluate response to 
therapy. Nothing in the current re-view paper has provided evidcncc­
based assessment to formally change such recommendatiofL.(', Clinical 
judgment made by the physician in light of individual circumstances has 
to be applied to individual pa;tients. 

The use of PM devices is limited to the evaluation of OSA 

The review .and the data address only the evaluation of OSA; there­
fore, the compiled data are insufficient to recommend the nse of PM 
devices in evaluating patients with any disorders other t11an suspected 
OSA. 

The use of PM devices does not meet some Medicare qualification criteria 

The review and the data were primarily related to patients with anAHl 
of at least 15 because the studies that were analyzed often did not include 
patients with anAHI oness thar, 15, and the results may not be able to 
be extrapolatec to lower ARI levels. This limitation may become pro~ 
grcssively more rekvant with the new Medicare guidelines, which 5Ug~ 
gest that au indication for treatment may be an AHI ofgreater than 5 plus 

Table 2-Leve!s of Recommendations 

Term Definition 

Stundard This IS a generally .accepted p;1tienhc--;ne f>trategy ,hat :cflect:) a hish~~egr~ 
of ::Edca: certainty. Tb-J tenn :lliJ.f/dard generally impHe~ the v.se ~f~cvd 
I eviJlmce, wbl\::3'! di:e.:::y at'.dresscs the clinkallstue, or ovcl'\vlwLning 
Level 1: evldence. 

GuideUne This is ~ p2tlent-CRTfJ ~1ratcgy that retlects a rnod~rlk degree of :linical 
cenainry. The termguideli>u! imphcs the usc ofLevd n n·idence or ~ 
con"ensus aflevel m evidenn:, 

Option This is a patienH.:an: s!.filtegy that reflet--:s uncertam c:lnlcal u~e, The 'erm 
option implies titber i;l('Qncll)~ive or ;:l:;n:1iPling evidence (If contlicting 
~xpert opinion 

Rqmnted with perrois}lon from ,American College ofPh}K.iel<"lnl:. Eddy DM, ed. A mtulu· 
al for assessing health pI1'lttice~ and designing practice pclldl't; the explicit approach 
Phllllilelphin: American CoUege of Physicians; 19<)2 

symptoms, Because Type 3 and Type 4 PM devices do not include elec­
troencephalography and, therefore. cannot reliably record or evaluate 
sleep, the use of the.£e devices does not meet the Medicare guidelines 
that require at Jesst 2 hours of documented -sleep time. 

Aspects of PM use may have limitations based on practical applications to 
clinical use 

The usual dinicaJ application of polysomnOb'faphy in the sleep labo­
ratory is to hru.h rule in and rule out a diagnosis ofOSA (by reporting the 
ART). The authors of the revi:;:w paper pcrfonned separate analyses of 
the PM devices with respect to their ability to rule out (low likelihood 
ratio) [Table 2], rule in (hig" likelihood ratio) [Table 3], and (Joen (0 both 
rule out and rule in (both low and high likelihood ratio) [Table 4] a diag­
nosis of OSA. These practice parameters were developed using this PIO­
cess (rule Qut, rule inl or both) in order to follow the data analysis in the 
review paper. However, few sleep disorders centers would (or could 
under msurance parameters) use a test to rule out a diagnosis of OSA, 
and if the results of the first !ltud)' did not provide an answer, subse­
quently perfbml another test On the same patient to rule in a diagnosis of 
OSA, or vice versa. In addition, the literature review and analysis iden­
tified an appreciable number of p.1ticnts with neither a positive nor a 
negative result [Table 4], ano inconsistencies were foued in the results 
ofdata from various PM devices in the same class, 

Research sUldies that have evaluated the diagnostic accuracy of PM 
devices have used multiple threshold!, for defining positive and negative 
resultS and assessing sensitivity and speCificity. Although these reimlts, 
which supplied the data fOf the review~paper analysis, used a variety of 
definitions of OSA, they were "standardized" to an AHI of 15 in order 
to allow a between-studies comparison of the data. Unfortunately many 
studies have not suggested that the evaluated devices l,ave 3 single cut­
off with both high sensitrvity and specificity, which is a practical limita­
tion of significance when moving that research data to laboratory use. 
Analysis by best-reported senSitivity gives the benefit of the lowest false 
negatives and lowest likelihood ratio. 

RECOMMENDATIONS 

The following recommendations arc categorized based on classitica­
tion of evidence from the accornpar.ying review paper as adapted from 
the suggestior.s of SackeUS and as outlined in greater detal1 in the review 
paper [2.3. J ~:U.2] (Table 2). Recommendations are given as standards, 
guidelines, and option~ as adaptcci from Edcy (Table 2)5' 

Type 2 PM Devices: Comprehensive Portable Polysomnography 

1. 	 The clinical use of Type 2 PM devices in the attended setting is 
not recommended to evaluate patients with suspected OSA. 
(Option) 

2. 	 The clinical use of Type 2 PM devices in the unattended setting 
is not recommended to evaluate patients with suspected 08A. 
(Option) 

Although Type 2 devices theoretically should most resemble in-labo~ 
ratory polysomnography and be be,st for calculating anAHI because they 

Table 3---Levels of Evidence 

Study Design 

n 

II 

tv 

B~inded comparison, ccusct.:.utive patients, reference standard 
per:onnce on all patients 
Blinded comparison, m)llcouset.:.utive patients, refel:ence standard 
performed un a;l palients 
Blinded comparison, consecutive patients. reference standard n.Q! 
~(mll;lplltient:> 

Referehce sundard not appliec bE.'1dly or independently 

Adzptee wit:; permissioh frOtl Sac$cr: J Rde~ ofevicence ane ::!inica! recommcmwtlons 
for !.be man.'1.gcment 0: p?V.Cllts, Can J Ca:dio~ ~993.9:4S1-9 <:nd ~2.3" 1]. 
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permit sleep scoring, relatively few -published studies provide dara and 
address this use. Based on the small number 'Of pubhshed studies, the 
ab~en(:e of sensitivity ar:d specificity data, and the low level of evidence, 
inadequate data are available to recommend the dinical use of Type 2 
PM devices tn the attended or unattended setting. In addition, a high rate 
of cata loss in the unattended setting is often reported. [4.1.:': 4.1.2; 
4.1.3; 4.23; 43.2.1; Table 2]. The absence of support for such USc and 
the "option" gujdeline are based on insufficient data. 

Type 3 PM Devices: Modified Portable Sleep Apnea Testing 

Recommendations concerning the use of Type 3PM devices to reduce the: 
probability that a patient has an AHIless than 15 (ie, rule out a diagnosis 
of OSA at a level selected by the review·paper author. for their statistical 
cutoff; this is also one of the levels set by Medicare to reflect a leve! o.f sig­
nificance) 

3. 	 The use of some Type 3 P~1 devices in an attended setting can 
decrease the probability that the patient has an AHI greater than 
15. (Standard) 

Type 3 PM devices have potential utility and reasonable reliability in 
the attended setting among patients wbo have;) low pretest probability 
ofhaving OSA and tn whom the study is being conducted to confirm that 
impression. Esc in this setting requires careful patient selection by his­
tory and examination findings. to first identifY a reasonably low pretest 
probabjlity tr,at OSA is present [43.2.2; 4.1.11 

4. 	 The use ofType 3 PM dcvic_es in an unattended setting is not rec~ 
ommended to decrease tbe probability that the patient bas an 
AlII greater than 15. (Guideline) 

The clinical use of Type 3 PM devices is not recommended in the 
evaluation Df OSA in the unattended setting. Although some higher~ 
level evidence (up to a Level II) is beginning to accumulate, a relatively 
bigh percentage of false negative results makes the reliability of these 
devices fOT making patient-care dc-dsior.s below accepted c:tandards. 
(4<LI; 0.22J 

Recommendations concerning the use of Type 3 PM devices to increase 
the probability that a patient has an AHI greater than 15 (ie, rule in a diag· 
nosis of OSA at a level selected by the review-paper authors for their sta­
tistical cutoff; this is also one of the levels set b~ Medicare to reflect a level 
of significance) 

5. 	 Some Type 3- PM devices ~an be used in an attended setting to 
increase the probability that a patient has an AlII greater than 
15. (Standard) 

Available studies were of a higher quality and high likelihood ratios. 
Some had a l(lwer percentage of faise positive results. [4,1.2; 4.3,23] 

6. 	 The uSe of Ty--pe3 PM devices in an n.11!\U~Dded setting is not rec­
ommended to rn~rJ~m the probability that a patient has an ARt 
greater than 15. (Guideline) 

The data supporting the usefulness and utility of PM devices in the 
unattended setting to increase the probability of the patient having a 
diagnosis of OSA is too limited to support diniesl utility and is associ­
ated with high fruse-negative and false-positive rates. [4.12; 4,323J 

Recommenda1ions concerning the use of Type 3; PM devIces to both 
increase and decrease the lIkelihood that a patient has a diagnosis of OSA 
with a single thre-shold, which is the most practical clinical use. 

For practical use in a sleep center, a device should be able to reliably 
identify whether an ART is less than or greate.f than a specific cutoff 
point, not simply determine one or the other. That does not appear to be 

the case with the use ofType 3 PM devices in unattended studies [Table 
4, column 14]. In most unattended studies, multiple cutoff levels and 
careful screening seem to be necessary for these devices to be used. The 
cata from unattended studies scggest that one would have to accept high 
rates of patients wi!h neither a positive r.or a negative (having a nondi~ 
agnostic) result, if PM device" were to be used in this setting. In addi~ 
cion, different Al-llleve1s would be needed to provide a reasor.able sen­
sitivity and specificity. 

7. 	 The use of Type 3 PM devices may be acceptable in an attended 
in~laborator'y setting to both rule in and rule out a diagnosis of 
OSA. Such a use, however. would require limitations~ as noted 
below. (Standard) [4.1.3; 4.3.2.41 

a) 	 In nearly all ofthe studies proViding evidence that 'ljpe 3 devices 
could be used in Gil attended in-laboratory setting, the re..<:uits 
w(:,re analyzed either manually or using a combin.ation of auto~ 
matie and manual scoring. Thus. careful revi~' of Ya101-' data 
appears to be neceSSGJy. 

Scoring of results should comply with the presented evidence, which 
indicates the superiority of mar.uaf scoring over automatic computer~ 
generated 'Scoring. fo;' most of these devices, soft.vare that is currently 
used clinically differs from the software used in the studies, a factor tlJat 
may need additional consirler8tior!. The use of tim:;: in bed rather than 
accurately scored total sleep tim,/!" already produces changes in sensitivi~ 
ty and specificity and should not be compounded by use of automated 
scoring at this point II J.3; TabIe 5; Appendlx 4 -- Table 10] 

b) 	 1}pe 3 PMdevices should be used only in a population similar to 
those that haw been studied--patiems m£o/ not havf: significant 
comorbidilies such as chronic obstructive pulmonary di.vf!-4se, 
congestive hear! failure, etc. ".- and should he used in a sleep-din<­
ic population (not applied as generalized screening). 

Patients should be catefully screened prior to undergoing testing with 
a Type 3 PM device to assess the pretest probability that they do or do 
not have OSA Clinically, this screening should be performed in a reh~ 
able manner by the laboratory that is doing the testing and would typi~ 
cally include an examination. a hi:;~ory, and information from a partner 
questionnaire. Assessment of the patient's pretest probability of havjng 
OSA is an important component of me in order to march the evidence, 
as reported in the r¢view paper.r' . 

The use of PM devices has been considered here only will! regard to 
the assessment ofOSA and not to the assessment of other possible con­
ditio:1s in which cortical.arousats, or an assessment of actual disruptions 
of sieep, may be an important part of clinical evaluation. The signifi­
car,ce- of tt::is-likely relates to the type of event being evaluat.ed, the type 
of PM used, and has to be considered \.vithin the limitation of the out· 
comes- being assessed. [4.3JJ 

c) 	 IJ'Pc 3 PM devices do not measure sleep. Addftional(v, the- AHI 
proVided by Type 3 PM devices tends to underestimate the 
po~vsomnogram~definedAHI because monitoring time rather than 
total sleep time is IIsed in the denominator. [4.1.2.2: 4.3. f) 

Under current Medicare guidelines, which require do...":U111c-c.tation of 2 
hours of sleep, cl:e use of ty;)e 3 P11 devices does not fit accepted 
Medicare definitions. an important awareness for any physiciar. using 
PM devices. Usc of mouitoriug time rather than total s:ee-p time may 
result in Inisclassificatlon ofpaLJents with mild disease.f 4.3] Tbe im;H,r* 
tance of this consideration would depend on the sleep efficiency of the 
patient d~ring the time studied and the severity of OSA. 

d) 	 ~~ymptomatic patients with a nondlagnostic or negative Type 3 PM 
study should undergo 0 definitive evaluation to determine the 
CI.1Use o/their symptoms. Ifa sleep disorder remains part of the 
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clinical consideration, a foil attended polysamnugram (Type 1 
EtUdy) should be conducted 

e) Pmients with a diagnosis o/OSA based on the results ofa I:vpe 3 
PM study need a subsequent polysomnogram (Type 1 study) {( 
continuous positive airway pre,t~ure (CPA?) titration is needed 

Data on the use of Type 3 PM devices for reliably titrating CPAF are 
Toot available. The use of traditional polyscmnography as a split study 
p.as not been compared to t1:c use of Type 3 PM devices followed by 
CPA? titration with a traditional polysomnogram, and) therefore, no data 
are avadable regarding potential time or cost savings. 

j) 	 The use ofTvpe 3 P~~1 devices is not recommended for spItt-night 
studies because there is little or no evidence to s!Jpporf such an 
approach. There is no data on slich use ofPAls. 

g) The ability ofT.vpe 3 PM dL>t.'ices to perform their identifiedfu11c~ 
lion could be device specific, and capabilities and limitations of 
each device must he taken into account by (he irlterpreter of the 
studi.!s. [4.3J 

8. 	 The usc of Type 3 PM devices in an unattended setting is not rec­
ommended to rule in and rule out .a diagnosis of OSA. 
(Guideline) 

Studies of limited quality usir:::g different AHI levds, and a high rat~ 
of patients wit~ nondiagnoSlic studies (neither positive nor negative 
results) lilUtt support for th~ use ofType 3 PM devices. The studies that 
eyaluated the use of Type 3 PM devices in the unattended setting had 
high numbers of patients without a positive or negative result 

Type 4 PM Devices: Continuous Single Or Dual Bioparamet-er Recording 

Type 4 PM devices generally use oximetry and a second (airf1ow~ 
asscssmeat) parameter, which varies bcl:\veen studies; depending upon 
the type of airflow evaluation, results among patients may also vary. 
Due to the high variability between cievices and methods-related results. 
mar.y of the results are device specific, and data across this gronp as a 
whole are difficult to evaluate. [4.1.1; 4.1.2; 4,] .3: 4.3.2; Tables 2, 3, anci 

4J 

Recommendations concerning the use ofType 4 PM devices in the attend· 
ed setting to increase, decreasel or both increase and decrease the prob­
ability of the patient having an AHI greater than 15. 

9. 	 The routine llse of Type 4 PM devices with oximetry and at least 
one other airflow parameter in an attended setting is not recom­
mendtd to ~ the probability that a patient has an AHI 
greater than 15 (Option) 

Some studies suggest that there is some benefit to using Type 4 PM 
devices in an attended sctting; however, the fact that these studies show 
a significantly higher percentage of false~posjtivc results is of concern, 
as arc conflicting datu, especially when coupled with issues concernir.g 
utility, These studies used a variety of melitoCs, including oximetry 
alone, oximetry with airflow or nasal transducers, ar:d other combina­
tions such as heart rate or snoring, Among the higher-!evcls1udies, like­
lihooc ratios are variable, as arc higher numbers of false positives, 
resuIting in confEcting datlL [4.1.2; 4.3.2.3] 

10. The routine use of Type 4 PM devices with oximf:try and at least 
one other airflow parameter in an attended setting is not recom~ 
mended to decrease the probability that a patient has an AHI 
greater than 15. (Option) 

Serious limitations, as noted in the review paper, suggest that the clin­
ical use ofType 4 PM devices :nay not be satis!actory for providing reli~ 
able patient -care and for making treatment deci$lon$. These limitations 
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include a high rate offaIse~negative results in Levelland Level:2 smd~ 
ies, plus conflicting results from Levell studies. Tn addition, a high per~ 
rentage of patients with ndther positive nor negative results was seen 
across studies that had multiple levels of evidec.ce \Table 4}. Other cau­
tions are also noted: the studies that evaluated the use of Type 4 PM 
devices measured a variety ofchannels (1 ~3 variables), used inconsistent 
criteria for determining desarurations acd sampling rates, and employed 
a variety of SCOrillg methods (manual, computer generated, or both) 
[4.1 .1; 4.3.2.2] 

11. The routine use of Type 4 PM devices ·with oximetry and at least 
one -other airflolY parameter is not reeommended in an attended 
setting to both increase...JHU.J decrease the probability that a 
patient bas an AlII greater tban 15. (Option) 

The studies that used Type 4 PM devices in an attempt to both reduce 
and increase the probability· of a patient having a diagnosis of OSA used 
multiple cutoffs to achieve better likelihood mtlos and had a high rate of 
patients who did not have a diagnostic result Both ofthcse mctnrs defeat 
the purpose of a screening test and result in a lack of adequate data to 
establish t11e use of Type 4P\1 devices. In some studies in an uttended 
setting, oximetry alone seems to be able to reduce, but not reasonably 
eliminate, the probability of the patient having an AH; of less than 15 
even when the patient obtains sufficient sleep, as confirmed by other 
measures. If cyclic desaturatiou is present, clear evidence ofl'll? fact may 
he helpful but is not spedfk 

?v1.oreover, Type 4 PM devices neither identify apnea nor measure and 
confinn sleep. Because oximetry identifies only saturation changes and 
not apneas or hypopneas and docs not document sleep, the use of Type 
4 PM de-v,ces does not meet Medicaid or Medicare criteria, partic·uiarly 
when considering an exclusion of OSA. The absence of significant 
de53turation does not plean the absence of upper a!rNay resistance, 
hypopneas, or even apneas, [4,1.3; 4.3.2.4] 

Recommendations concerning the use of Type 4 PM devices in the unat­
tended setting to increase, decrease. or both increase and decrease the 
probability of a patient having an AHI greater than 15. 

12. The use of Type 4 PM devices in the unatttnded setting '\-\'ith 
oximetry and one other airfiow parameter is not recommended 
for diagnosing OSA or confirming that a patient has 1m AHI 
greater than 01' less than 15. (Guideline) 

Insufficient evidence is available to suggest such use, especially in 
light of 1 Level 1 study in which the diagnosis of OSA was- r;ot ade­
quately classified in 50% of patients. A subs"1ntial number of the srud~ 
ies used different thresholds to try to achieve their clJ5$ifi{;a~ion. In addi­
tion, most of the studie·s had subs.tantial numbers of patients who were 
cot classified as being either positive or negative with respect to an AHI 
greater than or less than 15. [4.1.3; 4,3.2.4] 

AREAS REQUIRING SPECIAL ATTENTION 

13. The use of PM devices is not recommended for general screening 
or clinical use without available knowledge of the patient's sleep­
related histo~· and complaints. 

High and low pretest probability are important in assessing the effe-e­
tiveness of the devices" Few stud.ies were conducted in the general pop­
ulation. Based upon availabJe evidence, data from the high-probability 
group for OSA (referntls to sleep centers) wouie not necessarily be geuw 

eraEzable for screening purposes ar::1ong the gcr:erai popUlation. 

14. The use of PM devices is not recommended in patients with 
comorbid conditions or secondary sleep complaints because 
there is little evidence to support the use of PM de"ices in evalu­
ating thes.e conditions (ir' to diagnose (ither sleep disorders. 
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Most of the smdies that have been evaluated in determining the evi­
dence for the use of PM devices excluded patients with comorbid con­
ditions, resulting in a lack of data in these conditkms [4.2.4.2]. Instead, 
these studies focused on patients with a high pretes1 probability of hav­
ing OSA and little or no comorbidity (5.1). In all of the l'e<:ommtnda­
HOllS, where the possible use of PM devices is appropriate, s~bjccts with 
commbid cm:ditions such as d"lionlc ohstructive pulmonary disease, 
heart failure, stroke, or severe hypertension (wh:ch are comorbidities 
that are frequently seen among patients in cliniCS) i>houtd be stud­
ied with Type 1. traditional polysomnography rather than with PM 
nevices, The review paper also raises concerns aoout the lack of data 
regarding the use of PM devices in women and ethnIC groups other than 
v.''hjtes. 

15. E-H!n 'when PM devices arf' noted as being possibly useful. the 
general use of aU types of devices across that category is not nec­
essarily recommended. The laboratory should confirm that tbe 
commercial device selected in a category has specific studies doc­
umenting its performance a"d that it conforms to the use char­
acteristics of that category as ~ \vhole. 

All devices. in a given category are not the same. Ma'lY of the results 
am probably device-type dependent r\l1Y laboratory !hat uses a PM 
device :;hould confirm that quality scientific studies r.ave been conduct­
ed for that device and that the interpreting ?hysidan is fami1iar with the 
lilnltati0113, exclusions, and weaknesses of the particular device ar:d 
interface components. 

16. The review uf raw data and the use of manual scoring for inter­
preting data from PM devices is recommended. 

The interpreting physiciar. must be able 10 assess and revle\\, the raw 
data generated by a PM device ar,c mUST consider that data wh{',n inter­
preting rhe sleep study. Based on available evidence, SCOtiEg should be 
perf~')tmed manually. The use- of processed and computer-sco:ed data 
has more errors and diagnostic problems, 

17. Physicians 	~ith sleep training and familiarity witb the devices 
and their limitations sbQuld interpret studies generated by PM 
devices and should re\-iew the raw data, as noted above. Trained 
ilnd qualified technicians should perform any technical scoring. 

FUTURE RESEARCH 

Developing a consensus on the best way to validate the use of PM 
devices is urgently needed. Based on the limItatIons defined earlier, we 
need to move beyond asse,ssing validity based on sensitivity and ::."})eci­
fitlty tb. whether the AHl is above or below a fixed threshold, particu­
larly given the known llight-to·nigllt variability in AHL The urgency 
recogcizcs the· fact that many OSA patients currem:y do not have access 
to in-laboratory po\ysomnography. 

The reviewers of the evidence on the use of P~t devices outlined rec­
ommendations for future research [5,0-5.3.2], They address~c the lack 
ofstudies concerning the use ofPM devices in primary-care popuhtions, 
in patients with comorbid conditions such as hea-v! failure or chronic 
obstructive pulmonary disease, and in ethnic populations other than 
Whites, ami they highlighted the need for studies with sufficient num­
bers of women [5.1]. The reviewen; also proposed key and important 
features of future studies tD ensure that data 'with a high eviccnce level 
wOllld be obtained [5.2]. TIle reader Is referred to [he review for the 
complete discussion." A few points that the guidcHne-\J,'riting commit­
tee felt were particularly important are mentioned further. 

As is evident throughoul this reporr, the major problem in this: area is 
lack of evidence.. In general, studies inclllde smail sample sizes and are 
"ot particularly well designed. Other significant barriers to progress 
exist Firsr, there is no universally accepted platfonn for generating sim­
plified studies in tt.e diag:wsis ofOSA. This !TIeans tllat results obtained 

. for a particular device are applicable only to that device and cannot be 
extrapolated to other devices, eVen to those In the same class. Because 
devices have different performance characteristics, lumping togetllcr 
results from devices of the same class can result in misleacing conclu~ 
sions. Even withm a given device class, (cg, oximetry) results may be 
affected by the data-processing method, including digital ~ignal analysis, 
sa!~pling rate, and averaging time. If the use of PM devices is to devel­
op its fun potential, consensus must be reached regarding the variables 
that need to be recorded for simplified, general, respiratory-only, snldies. 

Several specific points that were raised by the evidence review com­
mittee for fuutre studies are as fullov.'S: Certainly patients involved in 
research projects tnat are attempting to validate PM devices should also 
have a reference study (usually attended polysomnography). The order 
of the PM study and the reference standard study should be randomly 
assigned.. The interpreter of each study should be blind to the results of 
the corresponding study .. Clear descriptions ofhow breathing events are 
define': and the oximeter sampling rate and averaging time should be 
sp<X:ified. Criteria for a positive result and a negati'ic result should be 
selected before the study is conducted. Ideally the same .;....utoffshould be 
chosen to both diagnose and exclude a diagnosis of OSA, tberelJy avoid­
ing having large numbers of patients. with neither a positive nor a nega­
tive study, TIle review also addressed the confounding problem ofnight­
to-night variability; obviating this problem would optimally entail con­
ducting multiple nights of both the PM study and the refefCnce study .. 

In addition to the above issues, the guideline-writing committee also 
felt that more data were definitely needed concerning Type 2 devices. 
As re-ehnology advances, the ease and practicality of using Type 2 
de\ices should increase.. esc of these devices would also assist with 
evallli1tlng sleep quality as well as respiratory disturbances. Certainly 
the use ofType 1 PM devices should have the potentiat to pfO'vide equiv­
alent data to Ulat generated by traditional polysomnography if the ;'1rob­
lem of data handling, analysis, and 1055 can be solved. 

As type 3 PM devices in the attended setting were the onlY class that 
coule be recommended for routine use (wiih the limitations as listed in 
mind), standardization of this type of device seems particularly lrnpor­
tant. The unattended type 3 PM study is probably the most common use 
of these devices in clinical practice e~'PeciaJly in locales where 
polysomc.ography is llut avajlable. Given the better evidence for use of 
the devices in the attended setting it is possibk that different devices, 
ditTerent study designs, or diffcrent strategies for application of type 3 
devices in the unattended setting could result in better evidence for their 
use in this setting. Clearly, more studies in the wlattended ..etting arc 
needed, 

The use of PM devices to make a diagnosis of OSA will not neces­
sarily be of benefit unJess timely tn.:atment is avaUable. On the basis of 
the available evidenec j type .3 PM devices could not be recommended 
for either attended or unattended pOSitive pressure titration, However, 
auto-titrating positive pressure devices have been ShO\l{n to be effective 
in the attended setting in Some CPAP naive paticms ..1). 11 As t11ese 
devices usually monitor only airflow and snoring there is no obvio\l$ rea­
son why type 3 PM de\,lces could not be successful for attended pressure 
titration. MOte study of the use of these devices in this setting seems 
warranted. For patients with limited access to attended polysomnogra­
pr.y, a melhod to provide auequate treatment as well as diagnosis is 
needed. 

At prescnt thcre are also GO clear guidelines on the cxpel1ise physi­
cians reading PM devices should have. Limitations on reimbursement 
of PM studies are undoubtedly dllvcn ir. part by a reasonable concern 
that there may be widespread use of these devices by physicia!lS who. 
have little training in sleep medicine. 

Finally, lhe utility of diagnostic testing should always be assessed in 
tenns of treatment algorithms and final patient outcomes. For example, 
if a PM study is conducted that results in a positive diag1l1):5is of OSA 
ar.d is tr.cn followed by a traditional Type 1 study for the titra!ion ofpos~ 
itive airway pressure, the utility of PM devices win be reduced if mo:Jt 
PM studies are positive. Cost comparisons to an a1ter:;a~i\'e, sp;it-:;ight~ 
study fonnat are needed to validate the assumption, e.,<;pouscd by some, 
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that the use ofPr..'1 devices will result in cost savings, However, before 
outcome studies are initiated, there is a need to more clearly defUlc the 
goals of tee studies and investigations, assessing the overall outcomes of 
diagr:osis and therapy! and comparing results from Type 1 studies to the 
results from more simplified studle·s. 
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MayS, 2004 

Tiffany Sanders, MD 
Centers for Medicare and Medicaid Services (CMS) 
7500 Security Boulevard 
Baltimore, MD 21244-1850 

Dear Dr. Sanders: 

I am writing in response to Dr. Terence Davidson's request for CMS to re-assess the 
national coverage determination (NCD) for diagnosis and treatment of obstructive 
sleep apnea (OSA) to include multi-channel home sleep testing as an alternative to 
facility-based polysomnography (PSG). The American Academy of Otolaryngology­
Head and Neck Surgery (AAO-HNSIF) would support consideration of this proposal 
as a potential cost-effective alternative to PSG and as means of improving access to 
care for the large adult population at risk for sleep apnea. 

At the same time, AAO-HNS/F recognizes the brief response window, and we would 
like to take this opportunity to raise several concerns that we request you consider as 
you review the available clinical evidence and formulate your final decision: 

1) 	 Is home testing equivalent to and realistically considered as a replacement for 
overnight PSG? If not, are there circumstances for which it should be deemed a 
first-line diagnostic service? 

2) 	 How will issues of inaccurate data-collection be addressed (e.g., inadequate 
equipment maintenance or patient instruction, loss or malposition of sensors)? 

3) 	 If an initial home sleep test is unsuccessful, will the beneficiary be allowed to 
have aPSG'I 

4) 	 We request that CMS clearly delineate the qualifications am!Jor training 
requirements of physicians who will be offering this test to beneficiaries. We 
consider this to be necessary to prevent misdiagnoses, inappropriate frequency 
of service, or sub-optimal treatment planning. 

5) 	 We request that CMS clarify whether this test will or will not include self­
titrating Continuous Positive Airway Pressure (CPAP). This may be necessary 
to eliminate potential confusion regarding Medicare coverage of this 
technology. 
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AAO-HNSfF welcomes the opportunity to comment further both with CMS and other 
stakeholders that share an interest in this potential policy change. Thank you for the opportunity 
to comment. If I can be of any further assistance, please call me directly at 703-519-1559. 

Sincerely, 

David R. Nielsen, MD, FACS 
Executive Vice President and CEO, AAO-HNSfF 

cc: 	 Terence Davidson, MD 
Physician Payment Policy Committee (3P) 
Edward Weaver, MD, Chairman, Sleep Disorders Committee 
Francina Spencer, CMS 
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FALLON CLINIC 

May 6, 2004 

Ms. Francina Spencer 
CMS 
7500 Security Blvd 
Baltimore, MD 21244-1850 

Dear Ms Spencer: 

It was a pleasure talking to you reeently about the issue ofhome sleep studies. I ",ill not 
reiterate the issues that Dr. Davidson brought up in his proposal, with which I agree. I 
presume that he has forwarded you the studies he's referring to. I would like to share the 
thoughts of a clinician who has evaluated large numbers of patients for sleep apnea over 
the course of the past 10 years and who has transitioned his sleep practice from one based 
on hospital based PSGs to home sleep monitoring. 

I am a pulmonary physician at the Fallon Clinic which is a 250 physician 
multispeeialty group in Worcester MA. In our group the ordering of sleep studies is 
limited to pulmonary, ENT and neurology physicians. I have seen an exponential rise in 
the number ofpatients referred to me for evaluation of sleep apnea. This I believe is due 
to increased awareness of the disease by patients and primary care physicians along with 
the epidemic of obesity that is now plaguing our country. I began to think that there has 
to be a more efficient way ofdiaguosing these patients than making them go to the 
hospital overnight. Also in my experience the vast majority of patients rsent for PSGs 
confirmed my diagnosis of obstructive sleep apnea. I also found significant resistance to 
hospital-based studies on some patients part- single parents for example obviously 
couldn't leave home for a night. I then made inquiries to other similar groups 
concerning their practice of sleep medicine- and found that similar high quality groups to 
ours such as Group Health Cooperative in Seattle and Kaiser Permanente used home 
monitoring as well to diagnose OSA and had good results ""ith it. Thus we transitioned 
our patients to home studies. We use a. level 3 system measuring pulse, oximetry, chest 
wall motion and airflow. It has been a stunning success. Clinically the diagnosis has been 
easy to make in the majority ofcases showing apneas and hypopneas necessary to make 
the diagnosis of OSA and patients have been happy_ Another advantage of this system 
has been that instead ofdoing 4-5 hours or less of CPAP titration in the lab during a split 
night - home study patients have the advantage of using an auto CP AP device at home 
which they can use for several days to a week in order to get used to the CP AP mask and 
to allow for a more lengthy and realistic analysis of their CPAP needs. 

Now that I believe that we've validated the concept ofhome studies in my own 
practice a new (to me) technology has come along that I believe makes the home 
diagnosis and treatment of OS A even more compelling. This is a device called a Watch­
PAT that measures peripheral arterial tone, pulse, oximetry and motion. It is worn on the 
wrist, has two finger probes and downloads data taken during sleep to a chip similar to 

165 MILL STRE.ET • LEOMINSTER, MA 01453 


PHONE:978-534 6500 • www.fallon-clinic.com 


MAIL1NG AODRESS; 630 PLANTATION STREET. WORCESTER, MA 01605 


http:www.fallon-clinic.com


2 


what is found in a digital camera. The data is then downloaded to a PC and in about 30 
seconds it tells us the number of obstructive respiratory events that occur during the 
night. Thus I can see a patient on Monday, give him this device on Tuesday, he returns it 
on Wednesday and if he has OSA he can go home with an Auto CP AP device. Gone is 
the need for sUbjective scoring of hours of multichannel tracings, the wait for scoring to 
be done etc. If this device comes into use we will finally be able to get a handle on the 
nearly epidemic disease of OSA. I am enclosing one recently published article and one 
that has been accepted for publication in SLEEP (1,2) both ofwhich indicate that the 
device is very accurate in measuring obstructive events. Another advantage of this device 
is that it through a motion sensor can determine sleep time accurately, thus eliminating 
one ofthe objections that people have about home sleep studies that do not involve EEGs 
i.e. that one cannot tell for sure what the "denominator" is in determining a Respiratory 
Disturbance Index. (i.e. number ofrespiratory events/ Total Sleep Time) 

I think several points have to be made: 

1. 	 I believe that there is enough data to support the use of home sleep studies 
multiple studies have shown adequate sensitivity and specificity I will not 
reiterate them as I am sure Dr Davidson has referred them to you. 

2. 	 To demand perfection compared to inpatient PSGs is unnecessary- patients 
sleep under different conditions at home than the lab. As patients are going to 
be treated with home CP AP all that is needed is a high enough RDI to institute 
therapy Whether the RDI is 25 in a home study and 50 during a PSG really is 
not relevant in this setting. If, as may happen on occasion, in a patient with a 
high clinical probability of OSA has a negative home study lab based 
polysomnography is always available as a backup 

3. 	 The paper in press from Sleep indicates to me that there is significant 
variability in the actual numbers of respiratory events during sleep at home vs. 
the sleep lab. The Watch PAT is a very simple device- there should be no 
difference in how it is used in the home compared to the lab. The decreased 
(but still excellent) R-value in home vs. lab Watch PAT indicates to me that 
variability is intrinsic to sleep events at home vs. lab and differences in home 
vs. lab RDI cannot be used to impugn the accuracy of home studies. 

4. 	 Physicians always should have a variety oftests to order for a given 
condition- why is OSA the only syndrome that requires the most sophisticated 
test possible? A physician with suitable clinical skills (for example I see over 
100 patients for sleep evaluations/ year) should be able to interpret a home 
study result and if it does not fit with a clinical impression order a more 
complex test. 

5. 	 Interestingly the use ofpolysomnography for diagnosis of OS A is a historical 
artifact. William Dement's history of sleep medicine (3) tells us that the sleep 
studies that we now use today are a modification of a study that was used to 
diagnose narcolepsy. When these people decided to try to evaluate sleep apnea 
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they just added respiratory parameters to the diagnostic array for narcolepsy, 
never evaluating other ways of making this diagnosis. 

6. 	 It is my belief that specialty societies who opine that home sleep studies 
require more research or are not adequate to diagnose OSA have significant 
conflicts. The sleep labs that they are involved with are significant sources of 
professional and hospital revenues - home studies will significantly reduce the 
need for these facilities. They will also, however make them more accessible 
for people who really do need them- such as patients with non-~SA related 
sleep disorders. 

7. 	 As a practical matter we don't have enough inpatient sleep lab beds to test the 
4% of men and 2% ofwomen who have this disorder (4). The more patients 
we can diagnose, the more morbidity from daytime sleepiness we can 
ameliorate, the more potential end organ disease we may avoid. 

Thank you very much for your consideration. 

Daniel M. Steigman M.D. 
Danie1.Steigman@FalIon-Clinic.com 
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Evaluation of a Portable Device Based 

on Peripheral Arterial Tone for 
Unattended Home Sleep Studies* 

Amir Bar. MD; Ciora Pillar. MD, 1)Sc; lisil; Ddr, DSe; Jacob Sheff!!. PhD; 
Rohert P. Schnall. 1)Sc; and Peretz lAlde, PhD 

r'B'~ckgrotmd; Diagnosjs of ~i~';;':::tiv~ sleep apnea---.~;~dr()me (OSAS) by ambu)at~l)' 'systems is a 
1 grml'ing practi('c in "iew of the large number of patients a"\-vaiting L*Orrcct diagnosis. The 
; \Vatch PATIOO (\VPlOO) {Hamar )'kdicaJ; Caesart~a, Isntd] is a portable device based on the 
- peripheral arterial tone (PAT) signal, and is designed for unattended home sleep studic.o;;:. 

Objecln"Cs: To evaluate the efficHc~'~ reliability, and l"cproou<.·jbility of the \¥PIOO dc\ice for the 
magtlOsis or OSAS as compan::d to in4 Iaboratory-\ standard pol)'somnographic~hasc-d manual 
scoring. 
Design and methods: One hundred two suhjects (78 men: 69 patients with OSAS and 33 normal 
volunteers; me:m ± SD age) ,"11.4 ::t 15.2 )'ears; body mass index, 26.8 :t 5.5) underwent in­
laboratory fun polysomnogr-.aphy simwtaneolls'y with '\\,Pl00 recording. Fom1een SUbjL"Cts also 
underwent two adc1ith~nal u:rmttcnded home :;Iccp studies \\ith the \'VPlOO alone. The pol~'som~ 
nography recol'tlings wen~ bHndl~' s('orcd for apnealhypopnca ~wcording' to the Americ.-m 
A(·ademy of Sleep :\'Jcdicine ('literia (1999), :md the poJysornnogr:lph~' resph'utOl)' disturhance 
index (RDI) [PSG-RDIJ was ealculnted. TI,e WPlOO data were analvzed automaticaIlv for the I'AT 
RDI (PHD)) hy a I)roprictary algorithm that was pJ'(~\'iously de"cI~pt->d on an inde~ndent group 
of subjects. 
Results: Across a wide range of RDI le,cls, Ihe PRDI was highly <'Orrdlltcd wlth the PSG-RDI 
(r:::;:; 0.88, p < O~OOOl)~ ",,"ith an area under the rt~('dvcr operating charad:crisli(Z cm'Yc ofO.B2 and 
0.87 for tlue:\holds of 10 events per hO,ur .and 2-0 CH~nts per bmn", l·cspcctive1y. The PRO) scores 
\VCI'C also highly reproducible, showing higb correlation bch,-een home and in~}ahoratory sleep 
studics (r = 0.89, P < 0.001). 
Conclusion: The \\rplOO may offer an accurate, robust, und reliable ambulatory method for the 
dcted:ioll of OSAS, "ilh minimal patient discomfort. (CllEST 2003; 12,3:69"... 703) 

Key wunis: 11mbulatof}; iUltnmatk ;)m!~·;.j;;. ubtmdhp -:It:'t'p apnea :.;rnJromt': }"wriplwril lIrh:,rittl tone: Tt');pimtnrr 
di<.;tlJrharK,(' inde\.: deep 

.-\hb..e\intions" ASDA '= Amt!rit:a:) Sli:ep DiwrdE'l"S .'\s.<.odation: AUC area ullfter the etHYi'!; BMI = hody mass 
inJt;').,; ESS"'" Epwurth sk'I:.'pinpss ~'ale: OS AS = obstructive slef:p "pnt':1 syndrom(,': PAT perlpht'rttl arten"ll tOll~; 
PHD) pt:ripheml arterial tone respiratory (hsturbancf> ind«\.: PSG·RDT ::.;;: pnlysomnography respirator:, disturball('';­
imle;..; HDI respiratory distmLHlfI<:e index; HOC = rl'<.:t'ly(:;r nper:lting Ch<lf,I{_1i:'rj~hc; \VPJOO 'Vakh PATIOO 

L_....___ ..

obstmetivE' sleep apnea '~11(lrollle (OSASI is ('on­
,klered to he a major public health problem. 

The prf'dem" of OSAS is estimated al 2% and ·1% f<)r 
adult wom{'11 and men, respecbveJy, most of whom are 
undmg,l(lSed ,md nntreated, I The in-blxmltm) sleep 
studY>.lsing full pol:.'sornnogrdphy and the Jl1;illlwl scoring 
cliterl<l, Sf't by the Amelican Academy of Sleep ~vft'dicin€ 

~From llamar Medknl LhL (Drs. Rar 1ft-ir, Slwffv. imd Sc!II1.llr;, 
C]CvH<:'a: ,HId Slt'f'p Lahoratory fDrs_ Pill.!r .md LaVli:'}_ B:nwe 
R;lppHporl Fanllty uf ;o..l!:--d.ielll;:-_ TcdmroH, h!;lE'l In~tilntt' of 
T,-'('hnolo~'_ lIail':t, l\t;)t'l 
l)r~_ Bar, rkir ~h(AJ\-, ;)!l\] Sdmall :Hf-, Plliplo;:",(-'\ ()f ltUlll;'tr \·kdit."J 
Ltd_ Dr, l'ilbr and Pr!)h''<snr t~lvk< :'1'(' ('on~u!h\l)t~ in (hIt Hnn 
Snp]K}li"d in P:)l'1 !w <I y:rHllj from It;llll~lf \tcdita11 ,t\t (:;W";lH';, 

:I~'r;,cl. 

is colls;ueT1"tl the "'gold sian<innl" fix OSAS diagn(JS;s.z 
The severity of the dis()ruer is '''pressed '" the respi' 
mtory d;,stur]"UJce index (RDI), which is the number of 
apneas!ln pop"'''' e,ents per honr of sle.ep. The high 
cost of in-laboratory_ flJU-night polysomnography, to~ 
gether w:ith long \vaiting lists for ~Jeep sh](Uf'S-" have Inti 
to tbe ('ommoruy llsed procedure of "split-njght" for 

\-I.wus(lipt rt--et'i'."("d DpH'lHlw( 2;-', 2001: n:\'j<;ion c<l'l'Ppk,1 
S("pkmhcr 15 ::OU2.0 

Hq)wttncho1\ oi thli-: :nil\'k~ ~\ p)ohihil<:"d \',ithout \\!itt('l' 
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patipots \\;th OSAS, as "ell as to the development of a 
valiet:v of mnbulatory sleep study s}'"S-tems.3 

Th(> emliest ambulatorv devices \,.:ere based on 
overnight pulse oximetry :Jone, an f'asy and simple 
technology for diagnosing OSAS} However- it has 
heen shown that the pulse oximeter suff(::~rs from 
limited aecuraey:?,6 Portable full polysomnographv 
and other multiple-dlannel ambulatory devices are 
frequentl;! t:omplex and cumbersome.':' 

The American Sle'1' Disorders Association (ASDA) 
has dassHled sleep Shl<lY !-'}stems into four categoJies: 
](:>\el1, in-labon1tOl;"· attt'nded standard polysomnog­
raphv; lew-I 2, unattPllded home sleep stmh' wilh 
cOlliprehensivE' portable de\iees iD(,()lvorating tht.> 
samE> ('hannels as th€> jn..JJhoratory standard po)y­
somnography; Je\el 3. unattended devices, which 
measnre at least four cardiorespiratory parameters; 
level :L unattended devices recording one or two 
parameters,:-' 

The Watch PATIOO (\VPIOO) [ltamar \1edical; 
Caesarea. lsraell is a fonr··channel unattendffi arn­
blllatory d",;ce newl :J) based on the peripheral 
,uteri"l tone (PAT) signal with three additional chan· 
nels; h"",1 rate (!e,ived frum the PAT si1!'lal), pulse 
oxlmHrv. and actigraphv Iboth are emhedd<?d in the 
de'ice). The PAT Signal measures the arterial puIs•. 
tilf:· volume changt>s of the finger that ;:)f€ reguhlted 
by the o:~ndrenprgjc jnnervation of thE" smooth mns­
des of the vaselll..ltlire of tIw fin(!er. and thlls reflects 
s:1npathetk nerVOlI$ system a~thity.!-) The \VPIOO 
in<urectly rlekets apneH/hypopnt'H eve'Ilts hy identi­
I)-iog surges of sympathetit: adivation assoeiah--'d \VJth 
11Jf" trrminatioB of these (-'vents, This jnformation is 
further comhined with hf'art mtf' and pulse oxilTIf'try 
~bta that arE' analyzed hy the automatic algorithm of 
the svstem (which was developed on a prior group of 
patients). This detects respiratory <"Vents and (,aku­
lates the PAT ROT (PROT). 

The primmy objective of this study was to evaluate 
th" efficacy of the device for diagnOSing OSAS, by 
comparing its results to shnultaneous pnlysomnogra­
ph)' recordings. Secondaty ohjectives \\fere to ("valu­
ate the feasibility and reproducibilil)' of the WP100 
in itn Hnattf>ndf'd home setting. 

MATERIALS AKD \IETHOIlS 

study l'o;mlufioll 

The .<'\I)<h f!(O\'P consis;e(l of 6H (·oowcutiw' snhj"'d~ f.,..ferrf'(l 
10 tIlt· dini,·aJ 51~~'p lahofflton· of the Tcchnion Sk"\;~p .\·ft:didnt> 
C.-II1<') (Haifa, lsJw:1J \\ilh sllSI)('dhl OSAS. ,md :~3 ;iddithmaJ 
h('Hlth) mlHlt v(jIHnkrf~. \\ithout cOll1pkinb of Mi_nrin~ or dHY­

link ,jc-'cpill";;-' ~om" of 11,,' ~\lh.i0t:b twd pre,>1ou-.k 1lT!derg:ont' 

J POh"SOHn)l)l2,Llpllit: ,~h,(h- St'\i:ollk+igIJi s,lhj,,·ds ,....'ft' ITWrl. 
,[))d :H W,'ft' \\Om"IL Till;' nW:!ll .-:: SD a~0 of fhi' !!:rtiUP \;~l.~ 
·11 ·1": l?j ~ \";lr~ TIlt--' nw)) \\'{cW )IJ"hth Ill{~n' nllt·." - . Ix}(k H),IS," . 

index [B\1J] 01':;7.5 ± 5.5 V5 24.S:::: 4.6> imd h.-ul hiFl;ht'r Epwl1rth 
~lt-~pim::.,> !)(,;ut' iESSl Sl,'Oft"S i&.7 ~ S.t> \·s 7.H~: 5.7, H,'~pec­

tivdy) (Tublt:' n Twenty pt-'fc('nt of till"' subjeds h:Hl h~"l)t'rlen. 
,jnn. ilml -1% had comnarv <lrtvry di(lc<l~e The exdn:tion criteriJ 
fur the ~il1d~ wen- ,IS fo!ivw~: penmBwnt pocclTIHkt'L non"inn" 
(,mlim..' :tfrh)·thmias. peripheral v<L<;euJopalhy Of nemnpath), ~e­
vert' lung dbease. st••h}S posthiidteral ct'ni".'aI Of thoracic symp.l­

th<:'<.,tomy, finger ddormity that precludes atkqna!p SE"JlSQr appli­
(\ltion, use of a-ildrenngic receptor blockers {34.. h \-\-ilshont 
pcliod ft'rpnre(H. olnd alr..'nho/ or dm,!? abm.. UUrillg tht> )u~l 3 
yt',ll"S The ~tHd:, prqtm'ol was ctppnwed hy the Elhjt>~ Committee 
of the R"mhdm \-J<:I{](',11 O,-ntef, and the ~uh.ic('ts gaw tt-wir 
\"titt('n infornwd consent prior to partidpatlon. 

Study Procedure 

The litml} waS 11 hlllltletl stUliy comparing lht: cmtmnatit'al1y 
smH:,d wPwn resnlh (PRDD 10 tl){' manually "('oH'd pu]ysom­
nogrnphy nD) :'PSG-RDJ). Tht: \\-'PIOO und po~'somnllgraph}' 
(bta v,·ere- re('onlE'd :'lmu)tanenwtly in iI ti.mt"~~lwhroni:t_lItNm 
manner in the ~lt'ep hlhnratnry A subgroup of l-l patients from 
lht" ~tnJv cohort also U'nd(;'f\vt':'lt tWH ad..htinnaJ nn:lttend0ti homt' 
:.li't'p st;tdjes with the WPlOO tlt'vi<.."f:' only, ThE' subjects w{':re­
self"('tt'd for this suhf!nmp has~ll on tht·ir hom(' locahon, Jm! ol1l~' 
il1chlth"d thos(' suhjeds \\ithin ~\ :)!)-milt" r;tngt> oi tIlt' sleep 
lai>()ratorv. 10 the \YPI(}O hume $tudirs. tiw dt-'\ice WiiS tldiwft·d 
to fhl..' ratJ(~nfs home, tht> p.ttie-nt nprhed Ihe tTt"\1CC, ilPtl 

foH()\,:in/4 tlw overm)!ht ret Ilnling Ihe fle-.1("e wu-:' w!l1nlf'd to the 
~lE'(,p ("'~litpr I()f auton1i>tic llnah--sls. The H'fiuln---menls for \VP HJO 
dat,\ Hn:J.l:',~i.\ ;In; H personal COlnplltcr ImJ the pruprietary PAT 
\I)ftv>-'are, wlncn tWl he mn OH Window.;; tt~ npf'mtlllg s\'stenl 

(\liuo;,uft; H(-'-(lmond, 'VA~ ur higher. 
The 0\ el"nigJlt sit'ep studies Wt'H' comidered :!C('f:'pt••ble- (or 

dafl-l ';;n,livsl$ if J)o:te of Iht" fpllm\ing t-el(;'cIiOfJ critrria occurred: 
,,); P('ly\"~)mnogr:iphy.n'];ttpd n:jk'('hnn :poJysmrmognlphy ,lt1mil 

,,It'ep llmf' <: j :) h. technic'll failun- oj synchronizing ~he poly­
:--om!l!)~raph~' to tht' ''-'Pl00, and poor (JU<llity ur po]rsomno­
graphic rt'mrdm~}; and (2) \\'PlOO·n~Jat~l Tf'jedkm (Vrp100 
,'alid sleep titr:(~ < 1..') h"L Palit'nt !ipmo~r:lphie lIHd IHel.lic.l1 

mlnn-nahon, ,is Wf-'ll as tIw ESS qnc,<,tionnaire, w,'rp ,ll'qolrt'd h\· 
lllteg·iic'\V prior to the ~lef'p !'.tmJy. 

\VP}f)O Dt't:ice' The WP100 !1S<:'J in the- unattended slet>p 
studje::: lS comprised of a hattery-pO\v€reJ. fQrt'<.Inn-mounted 
console unit pb("{>J just abm·!:' the ;vriSf, and tv.',) fin~(,Nn{)tlnkJ 
prolKs: pdse o\imetr;: and P,\T pfObl;' Wig U. 

Forean'rl-J4.oufltpd CI'H'iofC Unit: This unit provides the power 
;;uppl:', IJrst-fen:j slgmJ prut't'ssjng. s.ignal mnditionin/l. .J.nti fil· 
tering. tlntil <lCllHisltion. am] ;;torage functions H-'1iuire-d for mon­
ltOling the pulst' OUUl",'tr: ,md PAT sjgrwls_ In addition, ddt,. from 
"n emlwddf'd tltilgmph ,md hCJft rah' dt'riq.,j fwm tilt' PAT 

Tahle I-StUffy Group Alemf Age, BMl, and Total ESS 
Sco-re by (;ender* 

)'I;t\" 
\II .:'" 7~,' 

remale O>"(-'-r;IU 
',II "" 10.2; 
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PAT probe 

Push bulton 

FJ(;nu~: L The ,VPJOO device worn on il foyei..irm. Tllf:' PAT 
w:n<;or and the bUilt-in puJ::;e OXlnwtn sensor are attached to the 
fing:f'J's. Tht' a<'quired PA'f and puhe o.'dmrtc{ dtlta, as 'I-\cll as tIw 
cmbedd('d 'Idlgraph duta, art' ~tort'(l nn ;l comp,)d fbsh disk (not 
~ho\\ n Thp (If'vi(:p is switched Oil hy tll{> llHhcHtf'd push button 

;;j~naJ ilH' t'ontinnomh' ft'cunlt'd. Alllt).t;;, si~l!:,I\ HH, r('('nn1t,d at 
.! ~,;!l'pk nllt' nf 100 Hz mid ston-d on d n'!tlOv.!hlt, nash disk 
Ihrollg.lVllIt ille s1mlv. 

Pulsr UWI'Wter P~oht< A s1anriurtf-i)1* p1lltw ()ximet(!r probe 
(:\0;11n OE,\f :2 oximt-try mOOnl!.'. oOOOJ; ;\.onill; EBbs. S'\H,df:'Il:\ 
is appliP,l 10 <l flng!:'f in a i:nm t'ntional m:mM'f ;!c('ordin~ to lhp 
imtn)('ti,))l\ uf the HHlt1ufudnwr. 

1'/\ T Froht:: Tlw Sl'Ci.l1ld fingt'T pwhe 1I1('W',H[CS tIlt' PAT ot the 
pnht·nf" flngertip. PT(o\'ioll$ appli{'iltions of this h~chllolo)~: ha\'t'­
he!"n t1e:;vriht'd;'" 11; huwevt:'T. il) thi!Z studv the Ilwthod was 
sp<'qJj(,';dh A{1npted for .<l:nbuh:itoJ'\" Imatten<..led USI':;. 

E-,si!l1l.},IJly, the WPIOO fin~er ;('n;>m ,Ipp;ic~ ;J unif.wm prt'$­
sure fl:dd over the distal two thirds of tht' fiol?er, i)l{:ludmg tIn­
fingn!ip. l'n?vio!ls pJethy-sn;og:mphl(' dCYj('J;:s ilia! f"l'>'t;>]oped the 
fing.t"hp, su,,'h 1l<; ';.'('fllnt" occlusion plt:ihY:'lTIogntphy cullu'oon 
cliff::, t(,flflf'd to he pmht'fI off the nn~;er ,\ twn pft'ssnri;t_.ed, 
HUIH''V( 1 the sphHhimhk des.gn of tI)(- PAT pmhe ;lllmvs it to 

adh·eh· ('l.1mp itself to the Bnger ".,hill:' apply·ing; H pfeSSUte Hdd 
tllilf Ll('ilitates thp unloading of arteria] \"aU tension without 
('ut1sill.£ distal venous pooling and distemion, thus uYoirung the 
indUi,:tioll of vl:'m)arterial~llwthated V,l:;:oconstlicfioo. t:> 

A tml)$mi$sion mode phutoelt'ctrit: plpth~sm()graph situ<lted M 
-Op}-"I{)Sl1l~ laleral :>idt"s at 1lbou! the middk of tilt.' tJist:J phalao..\. is 
tlsed to lIIt'<I!>UH' the oprki1l dpnsity dmn:zps {\s~)(.-inh.'d \,\·ith 
pulsHtil,-' hlood volume eh;mJ2,es of the finger. The pmximal two 
thlnh (If the pff;'~SlJrf' field buRets thf' ~t;m:mg region fmm 
e\trJ.llPOIlS Hnd m1ifactu.a Si~Hh sHch a" pnillrhatioJ)$ in the 
Yc))mp·, 5V:o;tf'11l. 

j<;ubm:it,:. Vdumr-Dt...plac-nnnlf PAT Pn;/;w D"'it!-H. :\ llni(jut' 
fpahlrf· of the PAT finger prohe is its ahilit:r \0 t(enen-,h' its. O',vH 
prV.~.<;Ijre field <It a fixed level of preS",lf(' hT('~pediw.~ of the si7..t' 

of Ihe Iln1!f'L 14 The pressure field is (T(';\tcd by the insertion of J 

th:g('r :ntn the prohe \Fj~~, fOp. A}. Whell th~' Hngef is insertf'd 
into tlw prohe, ,; proP0l110u;lk ,llmmnt of air i'i ~)IHh:'d from !he 
llllU'f ,'lllnp•• rit1H:n{ of ;Jw prol)(' ttl II<; OUH'f C-OlIlp;lrhf!i-"nl, 
<:;m,>ing lhe pn:t(:ns:ioncd 'mh'f 1fl{"Hlbmlli' tfl hI'" fHISh(,d (:If the 
\v,lll of thE" HIner "hdl ;lml thns <lPP!; PI t';.';or(- 1<:: lht- ;.l)T within 
j1)( P(()iti"·. 'I'll\" Llce;tlc pf(>per!if'" ,,1' th(· h.,ilooil-liLf- outer 

;<'Il;('I""J')V ,tr0 '.HI Ii that O\I-'T;} wid", j',mge 01 Yl)lllllW'. it ert".itt'" 

t'tllhLml pn'S"lll(' 
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FIGPRE ::' TOJ), A: TIlt' \vl'WO prnhe contmm: Uti innn and an 
f1-Utt"T memhrdm' on ejdwf sit!f' 0' a rigjd p11s.t]\: thimhlE', BI:'rore 
insertIOn nf the Hng:er, <lppmximatt']:--: W mL oi ;Hr is ,>ituatt'tJ 
\w'twt't'n tilE' inne-f tnt'mhralle ,,.,d dtp plw;tk tlumhk. Since tIle 
inner membrune i~ not s-tr~'khE'd, the .tir J\ lit "hlj().~pl;\:.~rk 
pr(~sstlrt', The outer llH:'l1lhr:nlt' is filh'li to the t')"h-'rn,ll \\-<111 ()f the 
pbstk tfJllnblt', ~m11 is di~hth stre\"{ hed frolf) its n;)lurai si/.e. Top, 
B: Wht:ll tht· fi)lger is in~f'l1l;:'d infi) tllt' probe. i,\ proportionate 
amount of air is shifkd fm:~) tlw iTmt'!' t'omp;'lrtlTlt'l1t of the probt· 
tu it::, lluter compdrtmt'nl, e:msjng the pr<:'ti'n;;ionell vuter mem­
hrant> to he pushed off the will of the Hiller slwll dl1d to thus 
apply pfPs:mre to the air within the pruht-., I~sertion t:-lhs lor 
aiding in ike msertion of the Hoger and lom e->:t{'rnai pfObl:' (""f)\"er 
art' not sh~\\""u Bottom: pn'ssUfc 'V" atMt'tf Bngt't vohnnt' graph of 
the PAT fjnger probf'.1t can he seel1 that beyoflll tln added vah,l(' 
01 apprmdmlltely -; mL, tbt, applied prt:'~"ure rpm;lln~ nmstant 
'flus constant p'ressure at \-anahle volume behavIOr is charac-tcr­
jstit' of elastiC' h;l1]or)\l5, 

The actnal pressure that th(' pmhe ~t'lIt'ratt>:; in response- to 
dim·ring volume dh:plaCl:';;ients h shown ill rigllft' 2.1Mttm11, R 
Thi!> shows that the pml-w applies a ('llIml1fm 3m] mmtaut It''>'d of 
pr(;'~surt:' Oyt't .i hroad nmgtc 01 fingf!f sizes t'fi('t)jmkred in an 

~Idnh population. 
Tlw p!ly~icaJ basis for ~h(' ability of tJw probe to gener.lte ;) 

filled pn-s"urr IS rleserilif'd b:; the Lt\>, of Laph~{(', "dlidl rd;,lte\ 
the pn'.~sure with))) a uistenMhll' hollow ohjed to tlW \\',ill tt'lJs:inn 
~l'Jd the 1'<ldim ~l,l('h th:lt the prps~nrt:' is proportiHlJ,J tn ,-v:),n 
knsi{)H dhidf,d In' radiu" In tIl!.' vase of (·b~tit- hlilloO\!s jT! 
s<.'n,·fil] ;trltl in Ilw ~Ill.:Tjfi(,' ('a~(> uf thi' ('bstic UIlt('j' nWmbraTll' oJ 

1111"" proJw, \Ht!! h'm;j:;n .,'c1rlt"S in dlt.,v; pmp!)rti01I in l';ldim, ;md 
;ln1,>: prVS'.\Ht> n'm,Jm~ con;,t<ml mt'·r ;l Inr:.!v nm~t' of '-ohmw~. 

:\utOlllllffC .,11gddtfmj· The Hl1hlnwtk ,.!;rofHhli, "j 11g' H'PHlt) 
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is hased on the PAT signa] .nnplitlldf'. hl~.nt r;l:te, <lnd oxygen 
wtunltion. The :<.It'l'pfw;ike ddt'ction i:<. hased (1) data recorded hy 
the built-in ut:ngraph. 

Poiy"omnogmlJhy 

Datn ColLxtion; Stand~lfd in-laboratory, {)vt>rnight polysom­
nog:r.lphy was pelformed using l\ cornpntt':rized poly~omnogfaph!, 
systE'm (Embh,: Flaga Metlit':'ll; BE'ykj::nik, 1('eland;, \\-ith the 
following f:himnf'ls: EEG (C:3-.4.2 and 01:-:\ 1J, dectroot'u]og.nun 
;-rif',llt and left), dlln de(:tWlt1),ogram, art€"flaJ oxvgen "C1tumtion, 
n'I'lal-mal airflow ;.Iht>nnj~ior), F:CC dw:.t Jnt! "'{bdol11inJI waH 
motio)) ipit'zn electrodt"s)_ hHlltt;mJ tihiHJb ei(~dmmw)gralTl, hod: 
pOliition, aml mr,<ilhtT)' (:h,lmwl \nth it syndm)llizlng signal fr(1)n 
the \VPl 00 de\-ile. 

SC0r7I1{'.: 1he poiy~Uln))ograpl,\' rcconimgs \w'n' s(.'ured manll­
ally 1m ':;]t;'"ep stages" and fespir;-lInrv events {nprlPwh>VOPf1C\l"l 
;w(:nfdm~ to the Ameriean :Vaden1\' of Sleep Metlicine t:rit(:na, 
1990." !).n ;lpnl':v11)-vopn(>a ('vent was d(o.ilm'u as An nirl10w 
mnplitude Ye{imtion of > ,')0% from the hnseline Jasting Ht kast 
]0 s, or having a 1£':>5 signifk,mt reduction in the ai.now 
amplitude, hut \"ith tbt' pn:senet' of anmsai or O'\-)!ten dt>satnrJ.­
UOH of;'\t If:;tst 3C/(I. The PSG-RDI WAS caJeni.ttf'd ;b the numht-:. 
of apne..,,1)\-popni:>.'l {"\ ('nts per hour of .deep_ The \con'r hut! no 
lK'Ct'SS to tnt'- \-\1)100 .lata Of rf'sulls w),j](," s("Oring Ihe polywrn­
n\llVi:.Iphy data_ 

PSG·f{Dl > 10 \.\"lS uS{:'d a.,> the ('ut-ofr point j~}r OSAS diu!-!nn-­
sisY' and PSG·RD} > 20 was {i...fint'd ,l~ dIP cmnmonly HSt'J 

cut·off point for inh:ntied CPAP freatment I' fhtserl ou tht'st-' 
tJ)(('S1iOJd ddloltiuns, ROC ("urv('s \\(:,1'(> dt-dvnt and :11'f'as lJlldpT 
the curves (AVes} \-vert' eall,'\d~kd, 

RESt;LT~ 

Of ]02 in-laboratory studies. 3 studit's were re­
jected: 2 poJysomnogr~phy studies had syll('hroniza~ 
!ion failure and 1 study was rejected due to PAT 
valid sleep time < 1.5 h, Three of the 28 at~horne 
PAT studies were ori!!.inallv reiected duE' to technical 
failure but were repeat(;d ~uccessf\llly, thus. the 
at-home rejection rate was :3 of 31 stndies, "lone of 
the participants reijnested to withdn,w from the 
studv due to discomfort or an\' OUU?:f reason. and no 
adn_:r_'le or side effects \vere r~ported. A wl(le range 
of OSAS SBVf'lities \Vere repn~sented in the stmIy 
group, with about equNI number of 5Iuhjects}1'i-IV in 
each of thE' followill,g ROI categories: 0 to 10, 1] to 
30, 31 to 50, lind >50 events per honr. 

Figure 3 shows a 5cattf'r graph that demonstrates 
the high and statistically signi.lkant correlation coei~ 
fident between tlle PSG~RD1 scores ,mel thp PRD1 

The c-orrehttmn behwen tbe PRDl ;mti PSC· HDI \\',lS .t<:st'):sed 
ScOfFS (r = 0.88, P < 0,000], n = 99). Fit{ure :j\is;:»::; thi' P('nr~on eOfff'hilmn t'ot-'ftldpnl ,1nJ Rlnml" Altman ploh 

Ret...,.jv»r operatiJl)! charad('rilitk !ROC~ an,{]vsls W,IS l~,trrkd out shows a Bland-Altman plot of the differences he~ 
1-0 ('\,aluJte the \q)100 ,1iAgnostiJ,: nopahj]jl). A threshold of twef'Il the PSG-HDI and the PHDI "ahlPs "S the 
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FIGt-:RE 4. Bland-Altman pkrt {n = 9!"J!. showing difiereot-es bdwef'fl PSC-RDI (tl)d PRDI ty a\js) \'S 
11k corfi'~ptmdlng ,l\efaf,.t' v:Jn0S of tlw two \alm,>s {x axis), A<;rl)~s ;~, widt> r,mge-{)f,OSAS 'it'h'ritit'S 
mDJ It'\dsl, thE'l€ waS;J ,!!ood a~nvt'n1{'nl !.eh\-een PRDl and tnt' PSC-BD1. 

corresponding 3veragf's of the h\"() RDI inclf'xes. 
Th"re wus a slight tendency for the P ....T to under·· 
score even!s in the mild range of OSAS. and to 
O\T'rSCOrf:> ('yellts in the s('Y<'re runge. 

As can he 5e(~n in Figures 5, 6, the \VP100 results 
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~j;.:nifi,,';mt COHeJ,Jtion ir~' () ",q P (HiCl] 11 1-1: \Ill" IOll.11d 

ill the sJeep lahoratory studies were highly reprodllc 
ihle in the home sleep studies (,' ~ O.S9. P < O.llOl. 
n = 141. 'with high corrdatlon coeffideni bet\vt'en 
top two hump slpep studies (r ~ OJl4, r < 0.001. 
n 14L indicating hif!,h internight ('onsist{'nc~-. 
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Figure 7 s.hows the ROC curve n:fleeting the 
(jjagnostie capability of PRD! when til<" threshold of 
PSG·HDI was set at 10 for OSAS magnosis.lf> Figure 
S sbows the ROC curve refleding the (hagnostie 
CHp"hility or PHD! ",hE'll the threshold of PSG·RD! 
was set at a value of20. which represents a PSG-RDI 
lev01 at which continuous positive ahway pressure 
therapy is indicated." The areas under th.. ROC 
curves were O.S2 (I' < 0.000.1) for the' diagnostic 
threshold iPSG-HD! > 101. and O$"i (p < 0.0(01) 
for the thempentie threshold (PSG-RD] > 20i. 

D1SCUSSlOK 

Thb study shows that the \VPIOO is a simple, 
rdjahle and aee-urate df"vic'e for ambulatory diagnosiS 
of OSAS. Th,> in.laboratmy measured PRD] results 
were well wrrelated witl) the in-labordtorv PSG­
RD! results (r = OBS. I' < O.OOO1l, with gex,,1 pm­
catv 1(" hoth OSAS ruagnosis (HDI > ]0)'" and ffJr 
CPA!' therap)illd.ication (RDl > 20" C [AUe of 0.82 
and OB7, respediwhJ TI,E' in ..lahomtorv PRD! 

wSHlts wt'rf' highly reprodlldhJe in the hornE' slf'ep 
studies, \\-ith t:orrelation cneffieif'nts of O.8H ;'lHd 
0.94, for lnboratorv vs home and between two home 
slt"t"p studies, resl~cti\'eJy. Given t11f' expected inter­
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IlGl:RE '7. ROC ellr..-..' fOJ PRD} \\!wn the ottof!' lhw."b,l:! W,)S 
dt·fllWd ,l~ 'PSC·HDl > 10. An: t(lf Itll' ClllYt- i~ tU)2 
'J) .., {I_oon}: ~huwin;.: tll(' }l()tt'lltnlh hi'2;t, W'li~iti",h <1w1 ~rj('(i­
fi(-ih )JI di<lY;Jllhinv: OS:\S 
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FfGl;fU:: H. ROC {·m....'t' for PHD} when Ihc C\lto!'}' tlm?shl)Jd W<L~ 
lkflnt'll as PSC-RDI > 20. AUC f()f fhi.' curve is OJ,: 
ip OJlOOl), sho\.v}ng the' po\rntially h]~h <.t'fliiitivity lmrl speci­
fICIty in ~li(lgnnsinf! OS,\S of ~ St'H'rit)' fCl]llirlHt!; tn'iltlllt'nt, 

night valiabj)Hy for RDl, Pd'J the high ('onsistc>ney 
found in this study is even more signHlcant. The 
device rpliabilitv is also demonstrated hv the rela­
tively low rejection l1ltes; 1 of 102 stndies in the sleep 
Iahoratory, and 10<;;' nf the home sleep studies, 
which were canied out as unattended se~radminisw 
tered studies, For comparison, data loss r.lte was 
evaluatl,d as 4 to 33% with other unattended home 
deep systemsJ,2(1_23 

Over 80% of patients with moderate-to-severe 
OSAS are undiagnosed and untreated, which can 
suhsequently lead to th" severe sequelae of thE' 
syndrome. Kapur et aP~ concluded that patients with 
undiagnos"d OSAS had conSiderably high"r medical 
costs than ag" antI sex-matched non·OSAS subjects, 
anu that the OSAS severity was assoch,(ed "ith th~ 
magnitude of medical cost;. ThE" long waHing lists f()r 
in-labomtm), polysomnogrdphy studips. \\,'hich are 
e.\pens:in: and timf> consnmjng. have If'tl to an inten­
sive search for ambulatory ,lltenlatiyf"s. According to 
the .\SDA standards of ,;ractiee (1994), sleep study 
de\it'f's are cla.<;siHed into four level:,. from the at­
tended. in-Iahor,dory. full polywmnography OeVl"1 J' to 
the unattellClt'd, ;d-home. f,jng,h::/dnuhle-i·hannf:l 
reconting. (ASDA leH,:l ,11.:-:' In general, thefe nppt'JI)) 
to havt;>' been {l tr<:ldeoff beh~'een tht", amount of 
information and the simplidt~' of the d(.;\ ice, Simple 
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de,ice' tend to have a high Jew·J of ["asihilit)' and 
sming of Hme and f'xpcnses. but prm,ide Jt'ss infor­
mation, For "sample. POTtier et aF <,v"h!<lted uuat, 
tended. ot,home polvsmnnography stndies i,ASDA 
If'veI 2) vs in~lahor,Jtor:' poiysonmography studiE's, 
nsing the same recorded channels. They found tlmt 
the reliability of th" studies was associated "ith the 
quality of data obtained under the unattended con­
ditions, where .33% of the recordings \\'€'re not 
adequi\le for data analYSiS, and a further II 'k of the 
studiE's had disL'onJant results. The rejection Tate of 
the \VP]OO de"ie€' 00%) is in the iower,to'middle 
range of the ASOA grade len,l III ,kviees, which 
V,'PI p. estimated to have rejection rates in the rauge of 
.4 to ~i(,lc,2{J,,21 Other amhnlatory tleviees from this 
category could also demonstrate relative simplicity 
and 10\.\<' rejPction rate, hil.t showed unsatisfactory 
accumcv, Esnaohl "t ale' studied ISO indi"idnals with 
suspected OSAS, who underwent full polysornnog· 
mph\ simultuneousl" ,,1th level III devie'es and 
reported ADC valnes from 0.67 to 0.,6. Cirigllotta et 
;;1126 repOliE'd thtH the automatic scoring of such a 
device was unreHahle in assessing p,ltients \vith 
complicated 03AS, In contrast to these reported 
dc"c8" the WPIOO app,'"r, to have both the advan, 
tage of simplicity (re('ordjn~ onl~' from hvo flH!Zer 
prolw<s) and high accuracy_ 

The de\'jct' is hased on the PAT SignaL ,l rneaSun:~­
l1wnt of the pnbatile yolume changes ill tlw vascular 
hpd at the Bngertjp. pru\-jding continuous monitor­
ing of the pulse ratt-' and detecting digital \'asoeon~ 
striclirm events. hoth of which are affected hv th" 
s~'1Ijpatl1f'tk nPTVOUS system. Crott' et al'! hil:\ shown 
that the control of the finger arteries is almost 
c'\dH')jvf~ly medjatf'd hy Q: sVTIlpatl1Ptic receptors. so 
that PAT,detedNl episode, of va50mnstJiction actu' 
allv reflect svmpatl)etic activation, Pitson and Strad, 
ling"" reported that repeated occurrence of sleep 
apnea and hypopnea t'vents causes arterial o:\)-'gen 
desatnration, as well as arousal from sl"ep with 
periodic episodes of increased S}111p~tlletie nervous 
svstem activation, Thes~ authors used heart rate 
chilngt'" and the puls~' tnmsit tirne as indices of 
sympathetic ael.ivatjon and found that threse were Jess 
wPil ('orrplated \\ith the apnpaihypopnea index 
(r ~ 0,.51 and OBi, l1"spectivelv). 

The PAT technology is a lJn~(Jue and relatively new 
fOTl('ept of nunjnvasi'vt'" fl1eaSnrernent of s;m1pathetic 
;K1iYation le\'E+~ that appears to ht" very' acC"unlte for 
detecting ;..!t'pp~dis()rdf'red hreathing events. Tht" 
5i:lf~cont,ljnf'd preSSl!ri7jn~ JHPchanism of the prolw 
aHow~ it to hi:' llt;hlwei5!ht and silent, essf'nHaJ for a 
pr,tclieal amhuL~tO!; d{'\--!ct'. Its abilit:- to reliabl~ 
;lppl~, ;l pn'dt'iennim-d and constant len'} of pn'ssl1rf' 
f)','{'f a hro;ld nllltS!' or fim:.!,C'f sizes I,", eS'sf'lItird 1-())' the 

"eemae\', rohustness. anel reproducihilitv of the 
method, and was also vital Jor the development of 
the algorithm. 

The first stndy that demonstrated the PAT signal 
diagnostic capability for patients with OSAS was 
per/')fmed using a hedsitk version of the PAT 
sy,tem, which waS automatically analvzed using PAT 
signa) attenuation and pulse rate criteria aloue. In 
that ,tndv, Schnall et ai''' /imnd a high correlation 
hetween standard polysomnography scoring of total 
apnea-hypopnea events .lnd PAT-vasoconstriction 
events \vith concurrent tachycardia. Later. PlHar et 
al" ,hoWE'd that detection ,~f apn"a and bypopnea 
events b~s"d on combined data from PAT .1Od pulse 
oximetry was hi!(hly correlated with standard poly, 
somnography scored resnhs, d. finding th.l! was C011­

finned by Pittman et al'" utilizing both manual and 
automatic analvsis. O'Donnell et al"' furt!1"r ex, 
plon~d the PA'r response in patients with OSAS. 
The,' <,'xperimentalh- induepd upper airway obstruc, 
tion and have shown that airflmv ohstruetiOl1' in 
patients wltll OSAS leads to a PAT sjgnnl attenuation 
in a "dose-response" manner, ie, greater airllm\. 
obstnlctJon eauses gre-ater PAT attenuation. 

The eriter:iu of the automatic algorithrn for respim·· 
tory disturbance £:vent in the present stndy vn:re set at; 
eitJlf'r a :mhshuit1al digital vaSOC'onstriL-TIOn (> 50%) 
Of s-ul,slanhal arterial ox)'gt"n OBSl.tturation (> 4%). 
or a mJlder degree of \',-L,,>oconstriction 30%) \\ith 
COllCllm-;nt pul:-;e ratf' acceleration 10%} or sub­
threshold artelial oXYgen desatnration 3%j. Based 
011 the :lct:i~aphi" data, l'lPliod, of sleep alld wakeful, 
110>5 were irJentined. and the automatic algorithm RDJ 
was mlculated rcr hour of detcc1ed sleep, Although 
ilf'"tigr'.iphietily determined sleep time is not as accurate 
a.1\ polysomnogmphy. this {patnre is an improvement 
over other moUifled pOltahle de\ic"s, which pro'ide 
RD! values per total recording lime rather than per the 
aetnal sJeep time, which lllay lead to a biased RD!' 

It should be not('cl that the population we studied 
did not inchule patients with ('f'ntral sleep apn..". We 
therefore aS$llnli':' that, at this stag€', the current 
algmithrn would not differentiate between obstnK'~ 
th~'e and centmi apneas. However, given the very low 
prevalence of central "PilE'" among the referr"d 
population to diagnostic sleep laboratories and the 
fiwt that thp treatm/?nt of choke is usual1)! tlu'> same, 
we do not consider ihis to he a major di.~ad\'antage. 
It should be also noted that sympathetic adivatinll 
during slt't'p is not eXL']llsh:el~v assoduh:,d with thn 
rf";umption of n-'",'ipiration after disordt'red brf'aihhl~ 
t?\'cnts, but lHm ,-tlsn arise ill associtltlOl1 \\-ith a variety 
of othC'f ('oJ)(litions t]wt mit} causf' sleep arousals 
sHch :;15 gross body Ill/)\'emcnts,. peliodk leg lTlO\'t:'~ 
mcnts. or vh:Jn,I!;ts in upper <lir\\'<I}' resistance. /\s 
olltliHcd hefore. in Ordf'T to maxjmizp tht> sppciffdty 
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of the \ VI'I 00 automatic alg:orithm to detect rt>Spi­
mtory disrurhancf< evpnb:, it wa:.: desigrlf>d to hf> 
ha.o;;:ed not only on the presence of vasoconstriction 
episodes hnt it a1so takes into HCt'Ount their periodic 
nature, typical length, and combination \vith heart 
rate and oxvgen desaturation changes, All these 
parameters were tuned in an optimizing process m-er 
a prior training set of results and 'Wf're shown to give 
rohust correlation \vHh the polysomnography results 
in the validatioll set of the present study. Recentl),. 
"'c built a separate algorithm whieh utili?RS th" PAT 
signal to detect AS DA-delln€'d arousals during sleep 
regardless of their SOllreE'. This hltter algOlithm 
was ha>ed on a comhination of two features. of the 
PAT signal. amplitude attenuation and pulse rate 
increase. Vnlidating the algorithm on <l group of 
96 patients that included normal suhjects, patients 
"ith sleep apnea, and patients "ith periodic leg 
movements during sleep revealed n high conelation 
of 0,R8 between mam",lIv smred ASDA-defio<:d 
arousals and t)w :mtnmaU'caHv delived PAT <1uto­
nornJc arousal indf?x. \\'e he-lieve that utilizing 3 

comhiulltion of the features of thp above-desuibf'd 
algOlithms to analYL:p a PAT reeord vl'ill "Bow- tlS to 
distjnguls11 hetween sympathetic activation due to 
respinltory events or dup to other CilUses. Thus, in 
cases where the result of .Hi RDl sf'ledive algorithm 
is conSlstE-'nt vAth or higher than that of tJl~ <luto­
}}Ofnit: arousal algorlthn~. it ('an be reliably llsed to 
pro\-ide sleep apnf'3 diagnosis. In cases where thf' 
PAT reyenls a high arousal index but a low RDL 
additional disorders sut:h as periodic limb mov(>­
nwnts or npper airway resistanc:E' syn<trorne should 
be suspected and further explored. It is yet to be 
determined, however, if 'pecific features of the 
digital responsE' may he further analy'Zed to provide 
additional usefiJl information about the underlying 
causE' of the s:'·mpathetic activation. 

A relatively high consistency was found hetween 
PRDI in the laooralorv and at home. as well as 
between at-home studies, compared 'to previous 
studies that wpmtcd rather large night-to.nigbt vari-, 
ahilit)' of RDlw.» It is pos'ible that the consistency 
f()tmd in this stmly rt':.ults from the rebtivply high 
inddf>nce of patients with seyere apnPtl re-').t udi(>d at 
home. \Ve condnde from these results that the 
\\1'100 showed a high ]t'vd of reproducibility. al­
tl10\1gh this m~-1y han? lwen !'("lated to the specific 
population studipd. 

The ability of the PAT sv,tem to detect ,leeI" 
rplah·d n;-"piratory di~hlrh;:tnces eouId be affected h)" 
peripheral yas{"Hlopath~· Qr neuropathy. an'll/or a-llto~ 
Homlc nervous s~',;ti-:m dysfimt.:tion. through the dis~ 
ruptioH of the normal response of the pt:'ripheritl 
art0'li!!s to :-.yrnpathetic .<1dh-ations. \:e\(:rtht'IE'~s. tllf' 
pn:seO('(-· of such umditinn~ 'ihonld on!;- he ';)PpJiEO 1),> 

exdusion cnten.\ in e;.,.tremely severe- cases hut not for 
example in the ('ornmon di;\betic patient. Ob,\-ious1YJ 
patients who ar<' treated with a-blocker nw(ocations, 
those- who nndenvent hilatera1 sYlripathcctnmy, mid 
others. \\ith Ran13ud disease or ;l('r(l('vano:-;is are not 
c,mdidates for' tbe \"1'100 devie". h; patients "ith 
severe finger defonllity ieg, rheumatoid arth.itis). the 
adequate applving of the PAT probe multi be a tech­
nical problem, In hlet, nnn.: of tIle ,uhjects in the 
current stud\! '\VPIl? exduded on tIle basis of these 
conditions, ,;~d only two suhjects were excluded he­
(:aus€' of treatment \\~th a.blor1.ing agents, Theref()l-e, 
the use of the de\l(.'{" 'W,l<;; not in -·pr~ctief' linlited by 
thes" pathologies, and the va,t majority of tire subjects 
\lill) '1"pectt,d OSAS would be dig,bl", to liSe the 
WPI00 des,,:<', 

This study has s<'weal potPntial limitations, Fir;t, 
the- study population l'onsisted of patient<; \yith Sl)Of­

inglslppp apnea sYlldrome antI healthy volunteers. 
One could argne that the aL'('nrac~' of PAT in recog­
nizing respiratory distnrhan('es mi!-!,ht he dj{ferent in 
other patiE'nt populations (sl)('h as insomniacs). Hov,:­
ever. sorne of our p'.ltients complained of difTiculties 
falling and fnaintalning sleep along \viih the hH)er­
somnolence. and we did not notice a decreased 
accuracy of the \-"11100 in rE-'('ognjzing events in these 
indh·iduals. Keverthe-less, ("xpandin~ thjs study to 
oth("r patient populations wilJ add more infonnation 
reganling its applicability, In addition, w<' have 
evaluated the PAT for apllPas and hypopll':"S hut not 
for increased upper ,-lirway resistancE'" syndrmne. 
Respiratory effort related arolls,lls are wt'll recog~ 
njzed. and jndeed it would he f(-:'dsonahl{, to be' able 
to recot:;nize them \vith this d(--'Ylcc" as these an--' aho 
as.soc1at~d '.vith s),.mpathetic activation. However, 
this was heyond the SCOpf' of this study imd is 
currently being investigated in a separate study. 

CONCLUS10N 

Despite these Iimilatio1l$, we believe that this 
study shows tIlat the \\'1'100 is a simple. reliahle, and 
accllrHte de'\1ce for diagnosing OSAS jn the unat­
tended home set~llp. l]sing -It de\-lCF \\ith sensors 
placed only on the fingers and fOf(-'unn ll1<lkes it 
simple to self-administer and well tolerated. Using 
the automated st:oting algorithm allows f<:)T oh_iectiY~ 
ity and is time savjng. 
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Abstract 

Study Objectives: To assess the accuracy of a wrist-worn device (Watch]AT 100) to diagnose 

obstructive sleep apnea in the home. 

Design: Participants completed 2 overnight diagnostic studies with the test device, 1 night in the 

laboratory with concurrent polysornnography (PSG) and I night in the home with only the 

Watch]AT. The order of the laboratory and home study nights was random. The frequency of 

respiratory events on the PSG was quantified using indices based on 2 definitions ofhypopnea, 

the respiratory disturbance index using American Acaderay ofSleep Medicine Task Force 

criteria for clinical research, also referred to as the Chicago criteria (RUl.C) and Medicare 

guidelines (RDIM). The Watch]AT respiratory disturbance index (PAT RDI) and oxygen 

desaturation index (PAT Om) were then evaluated against the PSG RDtC and RDIM, 

respectively, for both Watch]AT diagnostic nights, yielding IN-LAB and HOME-LAB 

comparisons. 

Setting: Sleep laboratory affiliated with a tertiary care academic medical center. 

Patients: 30 patients referred with suspected OSA 

Interventions: N/A 

Measurements and Results: The PSG and PAT measures were compared using the mean 

(2SD) of the differences and the intraclass correlation coefficient (ICC). The receiver-operator 

characteristic (ROC) curve was used to assess optimum sensitivity/specificity and calculate 

likelihood ratios. For the IN-LAB comparison, there was high concordance between RDLC and 

PAT RDI (lCC 0.88, mean difference 2.5 (18.9) eventslhr), RDIM and PAT om {lCC =0.95, 

mean difference 1.4 (12.9) events/hr, and sleep time (ICC =0.70, mean difference 7.0 (93.1) 

minutes) between the test device and PSG. For the HOME-LAB comparison, there was good 
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concordance between RDI.C and PAT RDI (ICC 0.72, mean difference L4 (30.1) eventslhr) 

and RDI.M and PAT om (ICC =0.80, mean difference 1.6 (26.4) eventslhr) for the test device 

and PSG. Home studies were performed with no technical failures. 

Conclusions: In a population of patients suspected ofhaving OSA, the Watch]ATcan 

quantify an om that compares very well with Medicare criteria for defining respiratory eveots 

and an RDI that compares favorably with Chicago criteria for defining respiratory eveots. The 

device can be used with a low failure rate for single use in the lab and home for self-administered 

testing. 
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INTRODUCTION 

Obstructive sleep apnea (OSA) is a common disorder with important clinical 

consequences for affected individuals. Prevalence of the disorder is estimated to be 2-4% among 

a middle-aged population. I OSA is characterized by repetitive collapse of the pharyngeal airway 

during sleep yielding hypoxia, hypercapnia, and arousal to reestablish airway patency2 The 

associated consequences include daytime sleepiness,3 decreased cognitive performance, 

decreased quality of life: increased risk of automobile and industrial accidents,5.6 and adverse 

cardiovascular sequelae. 7
•
10 Treatment of OSA leads to improvements in many of these adverse 

outcomes and may reduce health care costs. 11·13 Thus, diagnosis of this disorder is important. 

A commonly used indicator ofOSA severity is the respiratory disturbance index (RDI). 

The RDI represents the tot.al number of apneas and hypopneas per hour of sleep. Most 

commonly, the RDI is derived primarily from overnight in-laboratory polysomnography (PSG) 

which includes the continuous recording of many physiologic variables including airflow, 

chest/abdominal movements, electroencephalography (EEG), electro-oculography (EOG), 

electromyography (EMG), electrocardiography (EeG), and oxygen saturation. 14 However, full 

PSG in the laboratory is expensive, cumbersome, and not readily available in many geographic 

areas due to a growing demand for the procedure. 15 Although unattended and telemonitored 

polysomnography are available, the reliability of these alternatives varies. 16-19 Gagnadoux and 

coworkers recently reported a failure rate of 23% for 98 unattended home PSGs even though 

subjects reported to the laboratory for equipment set up and then returned home for the study. 

Several investigations of unattended PSG have reported that the majority of subjects preferred 

in-laboratory PSG over ambulatory PSG. 17, 2tl 
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Calculating RDI with a portable testing device based on a reduced channel set makes 

diagnosing OSA more feasible in an ambulatory setting such as the home. Ideally, the system is 

designed for self-administered home use. We and others have previously reported on one 

technology that may be useful in the ambulatory diagnosis of OSA, the Peripheral Arterial 

Tonometer (PAT)21-23 This technology uses a finger-mounted pneumo-optical sensor that 

eliminates venous pulsations and continuously measures the arterial pulse wave volume of the 

digit. Episodic vasoconstriction of digital vascular beds from sympathetic nervous system 

activation (mediated by alpha-adrenergic receptors) results in attenuation of the signal21 

Episodes of upper airway obstruction (e.g. apneas, hypopneas) may cause arousal from sleep, 

sympathetic activation, and peripheral vasoconstriction and can therefore be detected on the PAT 

signal.24 

In the present study, we assessed the accuracy of a wrist-worn device that combines this 

PAT technology with actigraphy and arterial oxygen saturation to diagnose OSA. Previous 

studies have assessed the accuracy of this device when compared to simultaneously obtained in­

laboratory PSG and have demonstrated good results.22. 23 This study utilized a similar approach, 

but extended the work of Bar and coworkers by also studying patients in the home where the 

device is intended to be used.22 
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MATERIALS AND METHODS 

Subjects 

Adult patients referred to the clinical sleep laboratOly ofBrigham and Women's Hospital 

with suspected OSA participated in this study. These participants were not consecutive patient" 

but a sample of patients who disclosed on a comprehensive questionnaire between June and 

December of 2002 that they were interested in being contacted about research studies conducted 

at the sleep laboratOlY. Exclusion criteria for the study were: history of peripheral vascular 

disease, peripheral neuropathy, non-sinus cardiac rhythm, permanent pacemaker, severe lung 

disease, SIP bilateral cervical or 1horacic sympathectomy, fmger deformity that precludes 

adequate sensor application, and use of alpha-adrenergic receptor blockers (24 hour washout 

period required). Informed consent was obtained from all participants after the protocol was 

approved by the Human Research Committee of Brigham and Women's Hospital. 

Protocol 

All subjects completed a comprehensive sleep and health survey that included an 

Epworth Sleepiness Scale25 Subjects underwent two separate evaluations of1he home 

monitoring system (Watch_PAT 100, Itamar Medical Ltd., Caesarea, Israel): an in-laboratory 

comparison (IN-LAB) where subjects simultaneously wore the Watch_PAT during a full-night 

standard PSG and a home-laboratory (HOME-LAB) comparison during which Watch]AT data 

acquired in the home were compared to PSG results obtained in the laboratory. The order of 

these 2 nights was random. The home and laboratory studies were scheduled to occur within I 

week of each other, thus avoiding the confounding influence of long time delays between 

studies. 
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HOME SLEEP EVALUA TION 

For the home study, subjects reported to the sleep laboratory on the day of their study to 

receive instruction on the use of the Watch]AT device. Instruction addressed proper 

application of the device and subject demonstration of correct use. This process required about 

5-10 minutes. The Watch]AT device was then provided to the subject for transport to their 

home. 

The Watch PAT system has been described elsewhere,22,23 but consists ofa battery­

powered, wrist-mounted recording device and software for post-acquisition viewing and analysis 

of the recorded dala. The wrist unit contains an actigraph (3-axis accelerometer for limb 

movement detection) to differentiate wake time from sleep time. It also includes 2 finger 

mounted sensors: a PAT probe (Itamar Medical Ltd., Caesarea, Israel) and a pulse oximeter 

sensor (Nonin 8oo0J, Plymouth, MN). The PAT probe applies a uniform pressure field over the 

distal two thirds of the finger, including the fingertip, which unloads arterial wall tension without 

causing distal venous pooling and distension, potential sources of veno-arterial mediated 

vasoconstriction. A transmission mode photo-electric plethysmograph was used to measure the 

optical density changes associated with pulsatile blood volume changes in the finger. The 

Watch_PAT device recorded 4 signals: PAT signal (arterial pulse wave volume), heart rate 

derived from the P AT signal, oxyhemoglobin saturation, and wrist activity (derived from the 

accelerometer). The device measured the oxyhemoglobin saturation at 1 sample per second from 

the internal pulse oximeter that used 4-beat exponential averaging of the raw pulse wave 

oxyhemoglobin saturation measurements (8-beat exponential averaging was used for pulse rates 

between 112 and 225 beats/minute). The Watch]AT device contains a rechargeable power 
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supply, preliminary signal conditioning hardware, 100 Hz data acquisition, and data storage on a 

removable COMP ACl'FLASH disk 

Watch_PAT studies were uploaded for automated analysis on a personal computer using 

the COMP ACTFLASH reader provided with the PAT software (zzz_PAT version 2,0,3913, 

!tamar Medical Ltd., Caesarea, Israel). The automated analysis used wrist activity to 

differentiate wake from sleep to determine a PAT valid sleep time (PAT VST) using a 

proprietary, nonstandard algorithm. Respiratory events were detected during segments of PAT 

VST using a proprietary algorithm developed to match American Academy of Sleep Medicine 

(AASM) guidelines for measurement in clinical research (also referred to as "Chicago 

criteria"),26 In particular, a respiratory event was automatically scored if one of 3 criteria were 

met: 1) PAT amplitude reduction occurred with an acceleration in the pulse rate or an increase 

in wrist acti vity, 2) PAT amplitude reduction occurred with a 3% or greater oxyhemoglobin 

desaturation, or 3) a 4% or greater oxyhemoglobin desaturation, The algorithm was developed 

using previous Watch]AT data collected concurrently PSG data to optimize event by event 

agreement. Oxyhemoglobin desaturations were quantified automatically in a similar fashion. 

No manual editing of the automated Watch_PAT scoring was performed, A respiratory 

disturbance index (PAT RDI) was then reported that represents the number of respiratory events 

per hour of PAT VST. In addition, an oxygen desaturation index (OOl) was reported that 

represented the number of oxyhemoglobin desaturations ofat least 4% per hour of PAT VST. 

In-Laboratory Polysomnograpby 

All subjects underwent a standard in-laboratory overnight PSG. Signals recorded 

included EEG (C4-AI, C3-A2, 02-Al and 0l-A2), EOG, submental and bilateral tibial EMG, 

80f30 



ECG, airflow [nasal-oral thennistor and nasal pressure (PTAF2, Pro-Tech Services, Woodinville, 

WA»), chest and abdominal motion (piezo bands), oxyhemoglobin saturation (Model 930 Pulse­

Oximeter, Respironics, Murrysville, PA), body position, and snoring intensity, All physiological 

data were collected and stored using the ALICE3 digital polysomnography system (Respironics, 

Murrysville, PA), The oxyhemoglobin saturation was sampled once per second on the PSG and 

the Model 930 Pulse Oximeter used the same 4-beat exponential averaging of the raw pulse 

wave oxyhemoglobin saturation measurements as the Watch_PAT device (8-beat exponential 

averaging was used for pulse rates between 1I2 and 225 beats/minute), The Watch]AT signals 

described above were acquired concurrently with the PSG. 

PSGs were all scored manually by one technologist (SDP) who was blinded to the 

Watch_PAT signals, A second technologist (MMM) who was also blinded to the Watch_PAT 

signals manually scored the PSG records to help validate the manual PSG scoring of sleep and 

respiratory events, Sleep was staged according to standard criteria. 27 Arousals were defined 

according to the ASDA guidelines,28 Respiratory events were first scored according to the 

AASM guidelines for measurement in clinical research (Chicago criteria},26 In particular, an 

apnea was scored if airflow was absent for 10 seconds, and a hypopnea if airflow was reduced by 

50% or a lesser extent (noticeable change) in association with a desaturation of at least 3% or an 

arousal, A respiratory disturbance index (RDLC) was then calculated based on the number of 

apneas + hypopneas per hour of sleep, Records were then rescored for respiratory events using 

an alternate definition ofhypopnea (Medicare criteria)29 In this case, a hypopnea was defined as 

'an abnormal respiratory event lasting at least 10 seconds with at least a 30% reduction in 

thorocoabdominal movement or airflow as compared to baseline, and with at least a 4% oxygen 
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desaturation'. A respiratory disturbance index (RDI.M) was then calculated based on the 

number of apneas + desaturating hypopneas (per Medicare criteria) per hour of sleep. 

Data Analysis 

Sleep studies were considered acceptable for data analysis if none of the following 

rejection criteria occurred: 1) PSG total sleep time < 1.5 hours, 2) Watch_PAT valid sleep time 

< 1.5 hours, 3) poor quality PSG recording (defined as a substantial portion of the PSG being not 

interpretable to score sleep and respiratory events), or 4) all Watch]ATchannels not available 

for review and automatic analysis. The PSG was considered the gold standard for identifying and 

quantifying OSA. The Watch_PAT was compared to respiratory events detected on the PSG 

using both Chicago and Medicare criteria. Detection of respiratory events using Chicago criteria 

was assessed by comparing the PAT RDI to the PSG RDI.C. Detection of respiratory events 

using Medicare criteria was assessed by comparing the PAT am to the PSG RDI.M. The 

manual PSG scoring of sleep stages and respiratory events (Medicare criteria) were validated by 

assessing agreement between the reference scorer and a 2nd scorer. Epoch-by-epoch 

comparisons yielded the percentage of epochs with agreement and Cohen's Kappa statistic 

measured the chance-corrected level of agreement'O 

The utility and accuracy of the Watch]AT indices in detecting OSA was based on 

summary data for both nights (laboratory and home) and was evaluated in a number of ways. 

These included evaluations for concordance using intraclass correlation (ICC: model 2, 

individual ratings)3l, agreement using the method of Bland and Altman,32 and by constructing 

receiver operator characteristic (ROC) curves33 (Analyse-It Clinical Laboratory Software ver 

1.67, Leeds, England) using RDI.M and RDI.C cutoffs of 15 events per hour on the PSGto 
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differentiate normal cases from those with moderate-severe OSA26
,34 To assess the detection of 

vatying degrees of OSA severity, we also constructed ROC curves using RDI.M and RDtC 

cutoffs of 5, 10, 20, and 30 events per hour. Given that there is no well-defined RDI cut-off 

value for defining OSA, we also assessed diagnostic agreement using a clinical approach 

described previously to assess the diagnostic utility ofanother ambulatory device to detect 

OSA 35 According to this analysis, the Watch_PAT and PSG are considered in agreement if: I) 

both the RDtC and PAT-RDI were greater than 40 events per hour, or 2) the RDI.C was < 401hr 

on PSG and the P AT -RDI was within 10 eventslhr of the RDI. C. 

All results are given as means ± 1 standard deviation except for the means ofthe 

differences for the Bland-Altman analyses which are given as means (± 2 standard deviations for 

limits ofagreement). Statistical significance was considered to be present when p < 0.05. 

RESULTS 

We recruited a total of30 subjects with suspected OSA who met prospective eligibility 

requirements for participation in this study. Of these participants, 1 subject was excluded 

because of significant signal artifact on the study night in the sleep laboratory that prevented 

analysis of the PAT signal. Thus, 29 subjects (21 male, 8 female) are included in the data 

analysis. The mean age of these subjects was 43.2 ± 10.8 years and mean body mass index was 

33,9 ± 7.1 kglm2 The mean Epworth Sleepiness Scale score was 9.2 ± 4.7 (range 2-18). The 

mean interval between home and laboratory studies was 1.7 ± 1.0 days. The laboratory night 

was first in 17 (58.6%) subjects. 

Validation of the PSG manual scoring of sleep stages yielded epoch-by-epoch agreement 

of 93.4% (discriminating wake, NREM, and REM) 'I'\lith a Cohen's Kappa statistic of 0.86. The 
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agreement was 95.1 % and Cohen's Kappa statistic was 0.83 for the RDI.M calculation between 

the 2 manual PSG scorers using comparisons of 0, 1, or 2 respiratory events per epoch. 

IN-LAB COMPARISON 

Chicago Criteria 

For the night in the laboratory, mean TST per PSG was 347.4 ± 64.6 minutes while the 

mean Lab-PAT VSTwas 340.3 ± 55.5 minutes (see Table 1). There was good agreement 

between Lab-PAT VST and PSGTST (ICC = 0.70 mean difference 7.0 (93.1) minutes). Mean 

RDI.C per PSG was 31.6± 20.6 events per hour while the mean Lab-PAT RDI was 34.2 ± 19.2 

events per hour. The Lab-PAT RDI and PSG RDI.C were concordant (ICC =0.88, Fig. 1 A). A 

Bland Altman plot of Lab-PAT RDI and PSG RDlC is shown in Fig. IB; there was no obvious 

systematic difference between the two variables. 

We constructed ROC curves to assess the sensitivity and specificity of the Watch]AT 

system using a range of PSG RDI.C threshold values (5, 10, 15, 20, and 30 events per hour) to 

differentiate normal cases from those with OSA. The area under the ROC curves was undefmed 

for a threshold of 5 events per hour, 0.96, 0.89, 0.93, and 0.95, respectively. Optimal 

combinations ofsensitivity and specificity are shown in Table 2. When using the previously 

described clinical approach to assess agreement,35 concordance was found in 24 out of 29 

subjects (83%). There was substantial disagreement in one case (subject #9: mild OSA by 

Chicago criteria). The PSG RDlC was 10.8 events per hour in this individual, but the Lab-PAT 

RDI was 40.6 events per hour. In this individual, the Watch_PAT device seemed to be detecting 

sympathetic activation associated with events that did not meet the Chicago criteria for scoring 
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hypopneas (see Fig. 2). The Epworth Sleepiness Score for this individual was 16 ouI ofa 

possible score of 24. 

Medicare Criteria 

The mean RDI.M per PSG was 18.3 ± 21.9 events per hour while !he mean Lab-PAT 

OD! was 16.9 ± 19.5 events per hour. There was excellent agreement between Lab-PAT OD! 

and RDLM (ICC =0.95) as is shown in Fig. IC. A Bland Altman plot of Lab-PAT OD! and 

RDI.M is shown in Figure lD. 

We constructed ROC curves to assess !he sensitivity and specificity of!he Watch]AT 

system using PSG RDLM !hreshold values (5, 10, 15,20, and 30 events per hour) to differentiate 

normal cases from !hose \vith OSA. The area under the ROC curves was 0.99, 1.0,0.99, 1.0, and 

0.99 respectively. Optimal combinations of sensitivity and specificity are shown in Table 3. 

There was a substantial disagreement for one case (subject #3). The PSG RDI.M was 57.6 

events per hour in this individual, but !he Lab-PAT om was 28.3 events per hour. The source of 

the disagreement was obstructive apneas that met Medicare criteria, but did not yield a 4% or 

greater oxyhemoglobin desaturation. Thus, respiratory events included in the PSG RDI.M were 

not included in !he Lab-PAT Om. A representative sample from the PSG is sho'wn in Fig. 3. 

HOME-LAB COMPARISON 

Chicago Criteria 

No technical failures occurred during !he home studies, !hus data were available for 

analysis in all 29 subjects. The mean Home-PAT VST for !he horne studies was 344.1 ± 73.9 

minutes. There was not a significant correlation between Horne-PAT VST and PSG TST 

(Pearson product-moment correlation coefficient =0.28, p=O.l4). The mean Home-PAT RDI 
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was 30.2 ± 19.5 events per hour for the home study night. There was good agreement between 

Home-PAT RDI and RDI.C (ICC = 0.72, Fig. 4A) even though they were recorded on different 

nights. A Bland Altman plot of Home-PAT RDI and RDI.C is shown in Fig. 48. With RDI.Cs 

in the severe range, the Home-P AT RDI tended to underestimate OSA severity in some cases, 

although the mean difference between the Home-PAT RDI and RDI.C was only 1.5 events per 

hour. The night-to-night variability of the PAT RDI in this study (when PAT values in the 

home are compared to PAT values in the lab) is shown in Fig. 5A. The ICC for Home-PAT RDI 

and Lab-PAT RDI was 0.62. 

ROC curves were constructed as stated for the laboratory night with various PSG RDI.C 

threshold values (5, 10, 15,20, and 30 events per hour) to differentiate normal cases from those 

with OSA. The area under the ROC curves was undefined for a threshold of 5 events per hour, 

0.82,0.97,0.92, and 0.89, respectively. Optimal combinations of sensitivity and specificity are 

shown in Table 2. When using the previously described clinical approach to assess agreement, 

concordance was found in 21 out of 29 subjects (72%). 

Medicare Criteria 

The mean PAT ODI was 16.7 ± 17.1 events per hour for the home study night. There 

was good agreement between Home-PAT ODI and PSG RDI.M (ICC =0.80) even though they 

were recorded on different nights as shown if Fig. 4C. A Bland Altman plot of Home-PAT ODI 

and PSG RDLM is shown in Figure 4D. The night-to-night variability of the PAT ODI in this 

study is shown in Fig. 5B. The agreement between Lab-PAT ODI and Home-PAT ODI was 

good (ICC = 0.83). 
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ROC curves were constructed as stated for the laboratory night with various PSG RDI.M 

threshold values (5, 10, 15,20 and 30 events per hour) differentiating normal cases from those 

with OSA. The area under the ROC curves was 1.0,0.99,0.90,0.86, and 0.87, respectively. 

Optimal combinations of sensitivity and specificity are shown in Table 3. 

DISCUSSION 

In this study, we assessed the diagnostic accuracy ofa \vrist-wom device to detect OSA 

with concurrent PSG in the laboratory and when subject-administered in the home. This device 

is unique in that detection of episodic vasoconstriction of the digital vascular beds contributes to 

the identification of episodes of upper airway obstruction, rather than conventional measures of 

airflow and chest movements. The results ofthe IN-LAB study suggest there is generally good 

agreement between Watch]AT and PSG in quantifYing apnea plus hypopnea frequency with 

acceptable sensitivity, specificity, and diagnostic agreement between systems. The Lab-PAT 

om was concordant with the PSG RDI.M (Medicare criteria). The HOME-LAB comparison 

results suggest that technical failures are rare ",ith use of the Watch]AT system in the home 

(0010 in this study), but there was less agreement betwoon respiratory events detected with the 

Watch _PAT in the home and the laboratory PSG. 

Validating an ambulatory sleep diagnostic system is challenging due to the lack of a true 

gold standard in detecting sloop-disordered breathing events during sleep, absence of a well­

accepted cutoff in apnea-hypopnea frequency to differentiate normal cases from those with 

obstructive sleep apnea, and night-to-night variability in measures of sleep and respiration that 

makes home assessment versus laboratory evaluation difficult. These issues will be addressed 

separately, Detecting apneas and hypopneas during sleep studies is not exact because 
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quantifYing airflow with pneumotachometry is not practical for routine use and the transducers 

that are used to measure respiration are semi-quantitative at best. Furthermore, the definition of 

hypopnea is not consistent from laboratory to laboratory, or even in published guidelines. One 

definition allows scoring a hypopnea \vith a noticeable change in airflow terminated by an 

arousal or a 3% desaturation (RDLC)26 while another requires at least a 30% reduction in airflow 

or effort combined with an oxyhemoglobin desaturation ofat least 4% to improve the reliability 

of scoring respiratory events (RDLM).29 Published data suggest that manual PSG scoring of 

hypopneas based on arousal without desaturation is subject to more inter-scorer variabilityJ6 We 

therefore chose to quantifY sleep disordered breathing using both Chicago and Medicare criteria 

and then compared these indices to the Watch]AT RDI and ODI, respectively. 

The absence of a clear cutoff in the RDI (Chicago or Medicare criteria) by which sleep 

apnea can be diagnosed presents significant challenges for calculating the prevalence ofOSA31 

and ROC curves that require discrimination of normal from abnormal eases using a gold 

standard. Thus, we used a variety of cutoffs (5, 10, 15,20, and 30 events per hour of sleep) to 

assess discrimination of subjects with OSA from normal cases with the Watch_PAT. A cutoff of 

5 events could not be used for the RDLC analysis because OSA prevalence was 100% in our 

study population. 

A recent investigation of short-term variability in respiration and sleep during unattended 

nonlaboratory nights reported no significant bias in RDI between study nights. 38 However, both 

study nights were in the same environment. Previous investigations report considerable night-to­

40night variability in measures ofRDIJ9
• In our study, subjects were studied on different nights 

with different environments and we suspect this could be a source of variability in the HOME­

LAB comparison. As illustrated in Fig. 5A, there was a mean difference of 4.0 (33.5) events per 
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hour when comparing the Home-PAT RDI and Lab-PAT RDI with the bias towards larger RDIs 

in the lab. Therefore, false positives and false negatives encountered in the home may be 

attributed to night-to-night or home-to-lab variability rather than diagnostic inaccuracy of the 

Watch]AT system. In spite of the problems described above (no gold standard for respiration 

assessment, no clear RDI cutoff for apnea diagnosis, and night-to-night variability), we conclude 

that the Watch _PAT system is producing accurate, clinically interpretable data 

The American Sleep Disorders Association (ASDA) classified sleep diagnostic systems 

into 4 categories based on the testing environment, technician attendance, and number of 

parameters recorded.41 Level I was reserved for in-laboratory PSG. A number of portable sleep 

diagnostic systems are available, but relatively few have been validated in an unattended home 

setting. These vary from simple oximetry (ASDA level IV) to complex systems that fully 

monitor sleep and respiration in the home (ASDA levelll). A comprehensive evidence review 

of the literature on home monitoring for sleep apnea and practice parameters for the use of 

portable monitoring in the investigation of suspected OSA are available.34
,42 

Unattended, portable, full PSG performed in the home is considered a level II study by 

ASDA criteria Horne PSGs have been used for large epidemiology studies,16 but may not be 

practical for clinical practice due to the requirement of technician set up. Furthermore, there is 

insufficient evidence to determine the validity of level II studies.34 

The Watch_PAT system offers several potential advantages over other portable 

monitoring systems. First. the Watch]AT detects respiratory events during epochs of sleep 

estimated by automated analysis of actigraphy and calculates an RDI based on this sleep time. 

Most ambulatory devices calculate an RDI based on the recording time since they cannot 

differentiate wake from sleep. This method rna)' lead to reduced sensitivity and artificially 
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increase specificity. Second, the Watch_PAT can detect respiratory events that meet the 

Chicago criteria for scoring a hypopnea, but do not cause a substantial desaturation. Since the 

Watch_PAT can detect sympathetic activation associated with arousal from sleep, these events 

are included in the PAT RDL In addition, the Watch_PAT calculates an 001 based on 

desaturations of 4% or greater, a measure that is less inclusive in the detection of obstructive 

respiratory events, but compared very well to the Medicare criteria for scoring events. Third, 

the Watch]AT was simple to use for participants in our study with a low failure rate for single 

use (no technical failures for the home studies). Fourth, performing Watch_PAT studies requires 

minimal effort from staff. Subject instruction for operating the device only required 5-10 

minutes in our study and the analysis of the studies was fully automated. Uploading a study 

from the COMPACTFLASH disk to computer combined with automated analysis required less 

than 3 minutes (Dell Optiplex 1.8 GHz GX240 Pentium 4). 

There are several potential disadvantages to the Watch]AT system as well. The 

principal one relates to the novelty of the PAT signal and the lack of conventional measures of 

airflow, chest/abdominal movement, and body position on the studies. Thus, apneas that meet 

Medicare criteria, but do not yield at least a4% desaturation will not be included in the PAT 

DOL This was the source of the disagreement between the Lab-PAT 001 and PSG RD1M in 

subject #3 in our study (see Fig. 3). Also, the Watch]AT system reports a PAT ROI that does 

not differentiate the type of respiratory event (e.g. obstructive apnea, mixed apnea, central apnea, 

hypopnea) and cannot calculate a supine-only RDI since body position is not detected by the 

device. These limitations may prove unsatisfactory in determining a differential diagnosis in 

some patients. Furthermore, using our clinical approach to assess agreement, concordance was 

not achieved in 28% of the cases when the Home-PAT RDI was compared to the PSG RDIC 
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Finally, the PAT signal is also susceptible to artifact due to certain arrhythmias such as atrial 

fibrillation and premature atrial contractions and its response may be limited by certain 

medications (e.g. alpha blockers and nitrates). 

There are a number oflimitations to our study. The study included a small number of 

consenting patients with suspected OSA at only one sleep center. Thus, the prevalence of OSA 

and mean RDI in our study population were high. We therefore cannot assess whether these 

results would extend to populations with a lower probability of OSA, for example patients at 

primary care facilities. One important use of a home diagnostic device might be to exclude OSA 

in a population where the pre-test probability is relatively low, thus saving the cost of in­

laboratory PSGs. A study investigating the accuracy of home studies with the Watch]AT 

device in such a population would be worthwhile. Another limitation of our study is we 

evaluated the accuracy of the Watch]AT device in the home by comparing measurements in 

that environment on one night to the gold standard PSG acquired in the laboratory on a different 

night. There are inherent flaws with this method as mentioned above and in previous 

publications.35 We also did not perform event-by-event analysis of the Watch_PAT and PSG 

data to determine agreement due to technical limitations of synchronizing PSG and Watch]AT 

data while maintaining blinded manual scoring of the PSG. 

In conclusion, this study indicates that the Watch]AT device is easy to use for home 

sleep studies with a low failure rate for single use and minimal technician time when compared 

with PSG. Based on the likelihood ratios for our home study results, the system yielded a very 

large increase in the probability ofhaving moderate-severe OSA (Chicago criteria) for a PAT 

RDI2:: 12.5 eventslhour (abnormal cases: PSG RDI.C 2:: 15 eventslhour) and a large reduction in 

the probability of having moderate-severe OSA for a PAT RDI < 12.5 eventslhour.43 Thus, the 
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Watch ] AT could become a useful diagnostic tool in diagnosing moderate-severe OSA in high-

risk populations where the prevalence ofsleep disordered breathing is high. Studies in other 

sleep disorder centers are needed to confirm our experience. Nonetheless, the Watch _PAT 

system could become an important clinical tool and may play an import role in reducing per 

patient cost in diagnosing and managing OSA 
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Figure Legend 

Fig. 1. In-laboratory (Watch]AT data collected concurrently with PSG data) comparisons are 
shown. (A) Scatter plot of PSG RDI.C vs. Lab-PAT RDI with a best fit line of Y = -0.97 + 
0.95X. (B) Bland-Altman plot of PSG RDI.C vs. Lab-PAT RDI. Agreement was good except for 
one case, subject #9. (C) Scatter plot of PSG RDI.M vs. Lab-PAT ODI with a best fit line ofY = 

0.10 + I.IX. (0) Bland-Altman plot of PSG RDI.M vs. Lab-PAT ODI. Agreement was good 
except for one case, subject #3. 

Fig. 2. This represents a 3-minute sample from a PSG (subject #9: mild sleep apnea by Chicago 
criteria). One hypopnea is shown (event indicated by the word 'Hypopnea' in box). Five 
respiratory events detected by the Watch]AT software and included in the PAT RDI are 
indicated on the EEG channel with the text 'Resp Event Arousal'. No oxyhemoglobin 
desaturations of 4% were present during this segment of the study. This illustrates a period with 
20% agreement when comparing the Watch]AT RDI to the Chicago criteria for scoring 
respiratory events, yet there was 100% agreement when comparing the Watch]AT ODI to the 
Medicare criteria for scoring respiratory events. Thus, due to the sensitivity of the Watch]AT 
algorithm to detect sympathetic activation for scoring respiratory events included in the PAT 
RDI and the absence of an airflow signal to increase specificity, 4 respiratory events were 
detected by the Watch]AT device that did not meet Chicago criteria by PSG in this individual. 
However, careful examination of the raw data does indicate sustained periods of snoring and 
flow limitation on the nasal pressure channel. EMGAT, anterior tibialis electromyography; NP, 
nasal pressure (surrogate for airflow); Abd, abdominal movement; HR, heart rate; Sa02, arterial 
oxyhemoglobin saturation. 

Fig. 3. This represents a 2-minute sample from a PSG (subject #3: severe sleep apnea). Four 
obstructive apneas are shown (events indicated by the words 'Apnea Obstructive' in boxes). 
Respiratory events detected by the Watch]AT software and included in the PAT RDI are 
indicated on the EEG channel with the text 'Resp Event Arousal'. An oxyhemoglobin 
desaturation of 4% detected by the Watch]AT software and included in the PAT ODI is 
indicated on the Sa02 channel with the word 'Oesaturation'. This illustrates a period with 100% 
agreement when comparing the Watch]A T RDI to the Chicago criteria for scoring respiratory 
events, but only 25% agreement when comparing the Watch]AT ODI to the Medicare criteria 
for scoring respiratory events. Thus, due to the lack of Watch]AT airflow measurement, 3 
obstructive events without adequate oxyhemoglobin desaturation were missed based on these 
less inclusive criteria. NP, nasal pressure (surrogate for airflow); Abd, abdominal movement; 
HR, heart rate; Sa02, arterial oxyhemoglobin saturation. 

Fig. 4. Home-Laboratory (Watch]AT and PSG data collected on different nights) comparisons 
are shown. (A) Scatter plot of PSG RDI.C vs. Home-PAT RDI with a best fit line ofY = 8.6 + 
0.76X. (B) Bland-Altman plot of PSG RDI.C vs. Home-PAT RDI. (C) Scatter plot of PSG 
RDI.M vs. Home-PAT ODI with a best fit line of Y = 2.8 + 0.93X. (0) Bland-Altman plot of 
PSG RDI.M vs. Home-PAT ODI. 

Fig. 5. Home-Laboratory (Watch]AT data collected on different nights) comparisons are 
shown. (A) Bland-Altman plot of Home-PAT RDI vs. Lab-PAT RDI. (B) Bland-Altman plot of 
Home-PAT ODI vs. Lab-PAT ODI. 
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Table 1 - Data for Each Subject Comparing Watch]AT with Polysomnography 

LAB HOME 
PSG Watch_PAT Watch_PAT 

Subject ESS TST ROI.M ROI.C VST 001 RDI VST 001 RDI 
1 9 287.0 21 35.7 317.0 9.5 54.3 345.0 4.7 29.7 
2 9 353.0 3.9 11.0 378.0 2.1 19.8 400.0 1.7 11.5 
3 4 383.5 57.6 80.3 337.0 28.3 69.9 377.0 19.6 34.9 

4' 18 347.0 14.9 26.8 361.0 11.3 22.3 383.0 24.3 442 
5 12 327.0 8.4 23.3 319.0 7.3 21.8 404.0 5.0 21.5 
6 10 410.0 8.0 19.8 375.0 8.0 14.2 277.0 15.1 22.7 
7 10 272.5 27.3 47.0 285.0 31.7 42.4 187.0 11.8 15.7 
8 11 343.0 78.2 82.4 339.0 72.9 74.3 266.0 71.3 73.1 
9' 16 440.5 1.1 10.8 442.0 5.3 40.6 460.0 0.8 4.7 

10 15 372.0 02 7.1 336.0 2.1 14,1 324.0 02 11.3 
11 6 344.0 1.0 10.3 321.0 0.4 15.1 388.0 0.3 11.0 
12 3 323.0 12.6 37.9 276.0 17.0 47.8 334.0 38.4 38.4 
13 9 404.0 1.6 12.2 412.0 2.3 15.3 384.0 1.9 12.5 
14 16 373.5 3.5 12.7 327.0 3.3 12.6 398.0 2.7 10.7 
15 3 140.5 29.0 40.1 312.0 18.6 35,7 189.0 22,5 54,5 
16 17 446.5 12.6 20,7 410,0 13.6 25,9 267.0 10.8 24.9 
17 9 413.0 14.5 28.8 459.0 17,5 452 424.0 24.9 54.0 
18 7 311.5 4.2 26.5 257.0 7.0 20.1 342,0 1.2 9.1 
19 8 303.0 4.6 22.0 304.0 1.6 17.0 356.0 4A 36.9 
20 10 340.0 65.1 69.7 341.0 62.9 75.0 335.0 30.0 44.2 
21 12 354.0 21.7 36.3 378.0 17.6 27.7 448.0 22.3 31.6 
22 6 243.0 36.5 45A 243.0 35.6 51.1 408.0 21.6 41.3 
23 51 381.0 19.5 37.5 288.0 14.1 25.4 240.0 46.4 59.9 
24 17 445.5 62.5 62.5 418.0 62,2 60A 234.0 65.6 67.9 
25 7 352.0 1.2 21.8 349.0 1.6 33.3 312.0 1.9 15.4 
26 2 303.5 27.9 38.7 309.0 23.9 48.4 354.0 24.4 51.0 
27 8 316.0 0.6 16.3 297.0 1.8 20.6 324.0 3.0 19.3 
28 2 404.0 4.3 20.3 405.0 3.9 26.6 451.0 4.0 16.5 
29 7 340.5 4.9 13.7 275.0 5.7 14.2 367.0 2.8 7.3 

Mean 9.21 347.4 18.3 31.6 340.3 16.9 34.2 344.1 16.7 30.2 
SO 4.7 64.6 21.9 20.6 55.5 19.5 19.2 73.9 19.0 19.5 

TST = manual total sleep time (minutes); RDLM = manual respiratory disturbrulce index with Medicare criteria per 
hour of sleep; RDLC = manual respiratory disturbance index with Chicago criteria per hour of sleep; VST 
automated valid (estimated) sleep time; OD! = automated oxyhemoglohin desaturation (0::4%) index per hour of 
estimated sleep time~ RDI =automated respiratory disturbance index per hour of estimated sleep time. 
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Table 2 & 3: See accompanying MS Word document for landscape view of these tables. 
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Table 2 - Area Under the ROC Curve; Optimwn Sensitivity and Specificity, Likelihood Ratios (Chicago Criteria) 

Watch_PAT in LAB Watch_PAT in HOME 

OSA Low Up Low Up PAT Low Up Low Up PAT 
RDLC Prey AUC Sens S ec LR> CI CI LR­ CI CI RDI AUC Sens S ec LR> CI CI LR­ CI CI RDI 

5 100 :j: :j: :j: :j: :j: :j: :j: :j: :j: :j: :j: :j: :j: :j: :j: :j: :j: :j: :j: :j: 

10 96.6 0.96 0.96 1.00 00 :j: 00 0.04 0.01 0.25 14.1 0.82 0.82 1.00 00 :j: 00 0.18 0.08 0.40 11.3 

15 75.9 0.89 0.91 0.86 6.36 1.03 39.3 0.11 0.03 0.41 19.8 0.97 0.96 1.00 00 :I: 00 0.05 0.01 0.31 12.5 
20 69.0 0.93 0.90 0.89 8.10 1.27 51.7 0.11 0.03 0.43 20.6 0.92 0.80 0.89 7.20 1.12 46.30 0.23 0.09 0.56 19.3 
30 41.4 0.95 0.92 0.82 5.19 1.83 14.7 0.10 0.02 0.67 26.6 0.89 0.92 0.82 5.19 1.83 14.70 0.10 0.02 0.67 24.9 

RDI.C~PSG RDI (Chicago Criteria); OSA Prev ~ Prev of OS A; AUC=Area Under the ROC Curve; Sens = Sensitivity; Spec = Specificity; Low CI = Lower 95% Confidence 
Interval; Up CI = Upper 95% Confidence Interval; LR>= Positive Likelihood Ratio; LK= Negative Likelihood Ratio; PAT RDI = corresponding PAT RDI (based on Watch_PAT 
derived sleep time); ~ = infinity, :j: = cannot be calculated. Note: A ROC Curve could not be generated for a RDI.C threshold of 5 events per hour because the prevalence of 
OSA was 100% for that value. Thus, the AUC, optimwn sensitivity/specificity, and likelihood ratios cannot be calculated. 

Table 3 - Area Under the ROC Curve; Optimwn Sensitivity and Specificity, Likelihood Ratios (Medicare Criteria) 

RDLM 
OSA 
Prey AUC Sens S ec 

Wa

LR> 

tch_PA

Low 
CI 

T in LAB 

Up 
CI LR-

Low 
CI 

Up 
CI 

PAT 
ODI AUC Sens S ec 

Watc

LR> 

h_PAT 

Low 
CI 

in HO

Up 
CI 

ME 

LR-
Low 
CI 

Up 
CI 

PAT 
ODI 

5 55.2 0.99 1.00 0.92 13.0 1.98 85.5 0.00 0.00 :j: 7.0 1.00 1.00 1.00 00 :I: 00 0.00 0.00 :j: 4.7 

10 48.3 1.00 1.00 1.00 00 :j: 00 0.00 0.00 :j: 9.5 0.99 0.93 0.93 13.9 2.09 93.4 0.08 0.01 0.51 10.8 
15 34.5 0.99 1.00 0.90 9.50 2.56 35.2 0.00 0.00 :j: 13.6 0.90 0.90 0.84 5.70 1.98 16.4 0.12 0.02 0.77 15.1 

20 31.0 1.00 1.00 1.00 00 :j: 00 0.00 0.00 :j: 17.5 0.86 0.89 0.80 4.44 1.80 11.0 0.14 0.02 0.89 15.1 
30 17.2 0.99 1.00 0.96 24.0 3.52 164 0.00 000 :j: 23.9 0.87 1.00 0.71 3.43 1.84 6.40 0.00 0.00 :j: 15.1 

RDI.M~PSG RDI (Medicare Criteria); OSA Prev = Prevalence of OSA; AUC=Area Under the ROC Curve; Sens = Sensitivity; Spec = Specificity; Low CI = Lower 95% 
Confidence Interval; Up CI = Upper 95% Confidence Interval; LR> = Positive Likelihood Ratio; LR- = Negative Likelihood Ratio; PAT OD! = corresponding PAT OD! (based on 
Watch_PAT derived sleep time); ~ = infinity,:j: = cannot be calculated. 
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BACKGROUND 

Brief periods of breathing cessation (apneas) or marked reduc­
tion in VT (hypopneas) are common in adults during sleep. Pro­
spective studies indicate that sleep apnea contributes to systemic 
hypertension (1), is a modifiable risk factor for motor vehicle ac­
cidents (2), and that its adverse impact on quality of life is treat­
able (3-6). As a result, there is substantial and growing demand 
by patients to access diagnostic studies and effective treatment. 
Wait times result when demand exceeds capacity. Demand is 
influenced by (J) prevalence and incidence of sleep apnea, (2) 
cost and patient reimbursement policies, (3) patient and primary 
physician awareness, and (4) wait times. Capacity is dictated by 
(J) availability of sleep laboratory beds detennined by funding 
policies, (2) adherence to guidelines for diagnosing sleep apnea 
and continuous positive airway pressure (CPAP) titration pub­
lished by the American Academy of Sleep Medicine (7) and the 
American Thoracic Society (8), (3) availability of sleep special­
ists, and, (4) policies about who can order/interpret diagnostic 
polysomnography and CPAP titration studies. This article rep­
resents information from five countries regarding their popula­
tion, annual number of sleep studies performed, the range of 
wait times patients experience, and some strategies used for 
dealing with the mismatch between demand and capacity (Table 
1). Policy issues regarding sleep laboratory funding and sleep 
specialist practice and training have also been addressed. 

The authors have estimated data on number of sleep labora­
tories and studies and wait times because no country systemati­
cally tracks this. 

STATUS 

United Kingdom 

The population of the United Kingdom is 58.8 million (www. 
statistics.gov.uk/census2001). It is estimated that there are 84 
sleep laboratories in the United Kingdom with a total of 170 
polysomnography beds (Simone De-Lacy, British Sleep Society, 
personal communication). The best estimate of the number of 
new patient sleep studies per year is 25,000 (42.5 studies per 
100,000 popUlation). 

(Received in original farm Augusr 12, 2003; accepred in final form December 12, 2003) 
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Waiting times vary widely across the country with no clear 
geographic trends. The average time for a nonurgent referral to 
be seen by a specialist is around 6 months (range, 2-24 months) 
and for a sleep study thereafter around 4 months (range, 0-48 
months). Thereafter the delay for a CPAP titration is 4 months 
(range, 3-6 months). Thus, the overall wait from referral to 
CPAP averages approximately 14 months (range, 7-60 months). 

The sleep center at the Edinburgh Royal Infirmary is univer­
sity affiliated, but the funding for the clinical service is 100% 
from government. General practitioners refer half of the patients 
to this service and hospital specialists the other half. Sleep studies 
are ordered by one of two sleep physicians. To deal with the 
mismatch of demand and capacity, all referral letters are re­
viewed and prioritized by one of the sleep specialists. All patients 
living within 100 miles (160 km) are offered home-limited sleep 
studies, and only those with equivocal results get polysomnogra­
phy. Patients living beyond 100 miles get split-night studies if 
their Epworth sleepiness score exceeds 11 (total score = 24) or 
if they report sleepiness when driving. Night nurses are cleared 
to start titrating CPAP if a sleepy patient's apnea-hypopnea 
index (AHI) exceeds 20 after 2 hours of good sleep. 

These practices differ from those elsewhere in the United 
Kingdom. Overall, in the United Kingdom around two thirds of 
all "sleep studies" are oximetry alone and 20% are limited sleep 
studies, with only 10% being full polysomnography studies (Si­
mone De-Lacy, British Sleep Society, personal communication). 
Over 50% of all such sleep studies are performed unattended 
at home. Oximetry alone studies are especially prevalent in En­
gland. Some general practitioners refer patients to otolaryngolo­
gists, who have no specific training in sleep, because of the long 
waiting times. 

Reimbursement for diagnosis and treatment is provided com­
pletely from government. Almost all physicians who review pa­
tients with sleep apnea are respirologists. Training in sleep is 
unregulated, but at least 3 months in a sleep center is recom­
mended for all trainee respiratory physicians. 

Belgium 

Belgium has a population of 10.0 million and approximately 50 
sleep laboratories. In 2001, about 17,700 adult polysomnogra­
phies were reimbursed by the social security system (177 studies 
per 100,000 popUlation). More than 90% of polysomnographies 
were performed in hospital-based sleep laboratories. 

A general practitioner may request a sleep study directly but 
most usually through referral to a sleep specialist of the particular 
hospital, usually a respirologist, neurologist, or adult psychiatrist. 
A standard, nonurgent referral will be seen within 1 to 3 weeks. 
Thereafter, the waiting time for diagnostic polysomnography 
varies from 2 weeks to 2 months, and the waiting time for a CPAP 
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TABLE 1, SLEEP STUDY RATES PER 100,000 POPULATION AND WAITING TIME FOR DIAGNOSIS AND TREATMENT WITH 
CONTINUOUS POSITIVE AIRWAY PRESSURE IN FIVE COUNTRIES 

No. 	of Sleep No. of Sleep 
Lab; s.d, 

United Kingdom 58,800,000 Il4 170 

Belgium 10,000,000 50 150 
Australia 18,970,000 65 244 
United States 2$0,000,000 1,291 
Canada 31,400,000 100 440 

trial under polysomnography is generally 1 to 4 weeks, Thus, a 
patient who is nonurgent waits 1 to 3 months from referral to 
the start of therapy, Some laboratories add ambulatory equip~ 
ment to standard hospital sleep beds to keep waiting lists within 
this range, 

The sleep laboratory of the Cliniques Universitaires Saint­
Luc, a 950-bcd, private university hospital~ receives referrals 
from general practitioners and specialists; after an outpatient 
assessment by a member of Ihe medical team, a 24-hour hospital 
admission is ordered (or testing that includes both afternoon 
and night polysomnography, To cope with increasing demand, 
we have increased the number days per week of operation from 
4 nights to 7 nights (2 bcds per night); we have not had to use 
portable monitoring or split-night studies. Clinical prediction 
rules are used to establish "a pn'ori" probabilities but not to 
select patients. 

Polysomnography in Belgium is reimbursed by a mandatory 
social security program if overseen by a specialist in neurology, 
psychiatry, respirology, or pediatrics. and it records standard 
signals, CPAP is covered if the AHI and the movement arousal 
index are at least 20 and 30, respectively, and the therapeutic 
polysomnography CPAP trial shows a clear improvement. Hos­
pitals providing CPAP therapy have to be approved by a specific 
contract with the social security. thereby limiting the number of 
centers able to treat these patients. 

Belgium has not defined the minimal requirements to read 
and interpret polysomnography; however, it is expected that 
phYSicians performing this task will be specialists with appro­
priate tra.jning. 

Australia 

Australia had a popu1ation of 1R97 million in 2001 (www.abs.gov. 

auJAusstats). An lnformallisting hy Sleep Disorders Australia, 

• patient support group, has identified a total of 65 adult sleep 
laboratories across the country, with the number increasing each 
year, In a brief survey of these laboratories (60% response rate), 
52% were in the private sector. 28% were in the public sector, 
and the remaining 20% had a mixture of public and private beds, 
There are a similar number of beds ("-' 122) in both the public 
and private sectors, 'Ine combined sectors are performing an 
estimated 53,500 polysomnograms per year (282 studies per 
100,000 population), The real percentage of the population stud~ 
ied each year is likely to be only half of this figure as many 
studies represent treatment or follow-up studies. 

Patients wait an average of 9 (range, 1-32) weeks for initial 
consultation after being referred. Sleep specialists request diag­
nostic polysomnography resulting in an additional wait of 21 
(4-U8) weeks in the public sector and 4 (1-12) weeks in the pri­
vate sector, After completion of the diagnostic study, the time 
lapse until therapy is started is highly variable with some cenlers 
starting patients immediately and others waiting up to 40 weeks 
for a CPAP titration study. Most laboratories will prioritize studies 

No. of Beds! 
100,000 No. of StudlesJyr 

No. of Studies! 
yrIlOQ,OOQ 

Waiting Time 

0,3 
1,5 
1,3 

1,4 

25,000 
17,716 
53,500 

1,170,000 
116,0{)0 

42,S 
177,2 
282,0 
427.0 
370.4 

7-60 
2 

3-16 
2-10 
4-36 

on the basis of clinical urgency that is decided by the referring 
physician and some will also use clinical prediction rules. Some 
laboratories use split~night studies and some use oximetry studies 
to monitor moderate to severe cases who are started on CPAP. 
There are very few alternate diagnostic services (such as portable 
monitoring) provided by any of the sleep centers in Australia 
because of inadequate reimbursement. Some patients approach 
equipment companies directly for a trial of treatment, but little 
information is available about their outcomes. 

Australians are provided with a federal government···funded 
Medicare system and state government-funded pubJic hospitals, 
Sleep centers that operate in state government hospitals do not 
charge a polysomnography fee to the patient. Private sleep Jabo­
ratories are reimbursed Australian $450 for polysomnography 
by Medicare; an additional Australian $350 to 500 is paid by the 
private health insurance fund and the patient in varying com~ 
binations. To access Medicare funding a "qualified sleep medi· 
cine practitioner" must be a Fellow of the Royal Auslralasian 
College of Physicians, necessitating postmedical degree training 
for 7 or more years, including a period of 1 to 3 years in fun~ 
time sleep medicine training. The Royal Australasian ColJege 
of Physicians has recognized Sleep Medicine as a subspedality 
of internal medicine and offers postgraduate training, 

United States 

The United States has an estimated population of 280 million 
(Central Intelligence Agency-The World Factbook 2002). A 
nationwide survey in June 2001 estimated that there were 1,292 
sleep laboratories in the United States and that 1.17 million poly­
somnograms were performed in the preceding year (427 polys­
omnogramslloo,OOO population) (9). By contacting all known 
sleep laboratories in Massachusetts (34}, Oregon (20), and Loui­
siana (29). this survey found polysomnography rates (studies per 
year per 100,000 population) of 529, «'\, and 406, respectively. 
Estimates of rates in other states ranged from 121 (Colorado) 
to 1,161 (Maryland), 

The Veterans Health Administration (VHA) provides addj~ 
tional insights concerning patient access to the diagnosis and 
treatment of sleep apnea in the United States. The VHA cares 
for approximately 3.75 million veterans (95% men, 5% women), 
and in 2001 there were 55 sleep laboratories in the VHA system 
(148 beds; 6.000 patients-l60 studies per 100,000). 

The average time from patient referral to sleep dinic evalua­
tion and laboratory testing in the United States is quite variable 
ranging from a few weeks to more than a year. [n general, wait 
times are longer in laboratories located in university, state, and 
federal government (VHA) facilities. 

The Penn Sleep Center (University of Pennsylvania) receives 
patient referrals primarily from primary care providers within 
the medical center and throughout the grealer Philadelphia area. 
Patients are scheduled for in~laboratory testing (12 beds) after 
clinic evaluation by sleep center specialiSts, The wait time from 

http:www.abs.gov
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TABLE 2. SLEEP STUDY RATES PER 100,000 POPULATION ACROSS CANADA 

No. of Sleep No. of Sleep No. 01 Bedsl No. Studies/yr/ 

Region/Province lab, B<ru 100,000 No. 0; 100,000 

Wertem Canada 9,417,514 15 44 0.5 '1,450 122 
British ColumbIa 4,141,272 5 1. OA 6,000 145 
Alberta 3,113,:586 5 14 OA 3,000 96 
Sa~tchewan 1,011,808 2 6 0.6 1,150 114 
Manitoba 1,150,848 2 4 0.3 1,300 113 

Central Canada 19,.523,509 81 384' 2.0" 103,600­ 53".· 
Ontario 12,068,301 '9 340· 2.S'" 93,700· 776· 
Quebec 7,455,208 12 44 D.• 9,900 133 

Eastern Canada 2,372,925 4 11 0.5 1,300 55 
Nova Scotia 944,765 2 6 0.6 700 74 
New Brunswick 756,652 1 l OA 450 6() 

Prince EdWard Island 139,9l3 0 0 0.0 0 0 
Newfoundland 531,595 1 2 OA 150 2. 

Territories 100,042 0 0 0.0 0 0 
Yukon 29,924 0 0 0.0 0 0 
Northwest Territories 41,403 0 0 0.0 0 0 
Nunavut 28,715 0 0 0.0 0 0 

• Data from all provinces obtained from queitfQrm"lre5Jtelephone survey, Sleep laboratoryt:ontad list trom pef1Of1al communica­
tions and the canadian Sleep SO(:lety {http://www.t;SS.to/).AlI :sleep laboratotle:s were surv~d eJ!:cept Ontario, where numbers 
are based on projectiOfl5 generated from data provided by 38 of 59 known sleep laboratories, 

referral to initial clinic visit varies (2~12 weeks); the average 
time from clinic visit to polysomnogram is 2 to 3 weeks, although 
it was 4 to 5 months when the sleep laboratory capacity was 
four beds. Split-night studies are performed, but portable moni· 
tors are rarely used, 

In contrast, the four-bed sleep center at the Philadelphia 
Veterans Affairs Medical Center, the only VHA sleep laboratory 
in the region, receives referrals from VHA providers in the states 
of Delaware, southern New Jersey, and easlern Pennsylvania. 
Funding fOT technology staff is only available to operate two 
beds, 4 nights per week The average wait time from referral to 
initial clinic visit is 2 to 3 months and from cHnic visit to poly­
somnogram an additional 2 to 3 months. Other VHA sleep pro­
grams report that patients wait on average approximately 8 to 
9 months from laboratory referral to sleep evaluation. Using 
VHA guidelines, the Philadelphia Veterans Affairs Medical 
Center performs unattended home studies with validated porta­
ble monitors for diagnosis and to initiate treatment with CPAP 
in about 40% of patients with clinical suspected sleep apnea. 
When sJeep apnea is diagnosed with a home study, a l-week 
home auto-CPAP titration is performed before initiating CPAP 
treatment. 

The majority of sleep evaluations are split-night polysomno­
grams, a practice driven by limited resources and reimbursement 
policies. Effective March 2, 2003, the Centers for Medicare and 
Medicaid Services accepts charges of US $807.69 for a split-night 
polysomnogram and US $223.62 for a Level II unattended sleep 
study (no sleep staging). Sleep laboratories such as those in the 
VHA and health maintenance organizations are more likely to 
perform sleep evaluations with portable monitors in addition to 
polysomnograms. The majority of sleep laboratories in the 
United States are directed by respirologists, and about one-third 
of them are accredited by the American Academy of Sleep 
Medicine. Certification of the sleep specialist and the sleep labo­
ratory are increasingly being required for reimbursement by 
states and insurance carriers, 

Canada 

Canada has a population of3L4 million (Statistics Canada: http:// 
www.statcan.ca)residentslivingin 10 provinces and 3 territories. 
The number of sleep studies per 100,000 varies greatly across 
the country (()-776 per 100,000, Table 2) as do waiting times. In 

eastern and western Canada the wait for sleep specialist consulta­
tion averages 4 t06 months (in some places it exceeds 12 months), 
and completion of a polysomnogram varies from 8 to 30 months, 
resulting in a total wait of approximately 24 months (range, &-36 
months). Patients in Quebec experience similar wait times as 
the Western and Eastern regions. With greater sleep studies per 
capita in Ontario, wait times are much shorter for consultation 
and polysomnography, averaging 2.4 and 2 months, respectively, 
and there is generally little time required to start CPAP. 

The s.leep laboratory at the Foothills Medical Centre is affili~ 
ated with the university of Calgary, has four beds, and performs 
approximately 1,000 polysomnograms per year, Funding, inc1ud· 
ing interpretation fees, is provided by the Calgary Health Region 
from its global operating funds provided by the provincial gov­
ernment. Physician consu1tation fees originate from a separate, 
fcc-for-service budget. Patients are referred mostly by priInary 
care physicians, some otolaryngologists, and some internists/sub­
specialists, Polysomnography ordering is limited to eight sleep 
consultants who review all referred patients. Split-night poly~ 
somnograms and home monitors (oximetry, body position, snor­
ing, and airflow) (10) are used to increase capacity. Patients 
arC triaged on the basis of medical history, a validated clinical 
prediction rule (11), and reported daytime sleepiness. Treatment 
is often initiated at home using auto-CPAP machines. Becaus.e 
of extensive wait times, primary care physicians have started to 
order home oximetry for their patients and wjJl not necessarily 
refer the..<;e patients to the sleep center. This testing is not covered 
by provincial Medicare. 

Provinces and territories have the responsibility of providing 
comprehensive medical coverage to their citizens. In most prmr. 
inces funding is only available to hospitals for perfarming polys­
omnography, limiting the number of laboratories; however, in 
Ontario funding is available based on a fee for service contract 
that aUo\\'S for nonhospital laboratories. CPAP funding varies 
across the country; in some provinces it is completely covered 
by provincia! Medicare. although in the majority, patients are 
responsibJe for paying unless they have private insurance. The 
Royal College of Physicians and Surgeons of Canada has not 
recognized sleep medicine as a specialty. An increasing number 
ofphysicians who interpret polysomnography have been certified 

www.statcan.ca)residentslivingin
http://www.t;SS.to/).AlI
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hy the American Board of Sleep Medicine; however, this is not 
a stipulation of provincial licensing authorities for providing 
consultation and polysomnography interpretation services. 

DISCUSSION 

In many locations around the world patient.'i suspected of having 
sleep apnea face challenges accessing diagnostic services and 
treatment because of the discrepancy between demand and ca­
pacity. Demand is difficult to quantify. The prevalence of sleep 
apnea, based on an AHI (number of apneas plus hypopneas per 
hour of sleep) of 5 or higher, is 24% in males (15.5%of whom 
self-report hypersomnolence; 4% have both) and 9% in females 
(22.3'% of whom self-report hypersomnolence: 2% have both) 
aged 30 to 60 years (12). The prevalence of moderate sleep 
apnea (AHI;;;:e 15) is 9 and4% in males and females. respectively. 
Sleep apnea is suspected in patients who are obese, hypertensive, 
habitual snorers, and hypersomnolent (13). All of these condi­
tions arc highly prevalent; thus a conservative estimate of the 
"at~risk" population who might be- expecte-d to be referred for 
assessment is at least twice the prevalence (13%) of mode-rate 
sleep apnea. Predictions of at-risk populations in this report 
have not been adjusted for age less than 30 and greater than 60 
because the data is preliminary; it is estimated that about 2% 
of children have sleep apnea (14), but there is a high at-risk 
population of children who habitually snore (15) that is difficult 
to quantify, Sleep apnea prevalence is increased in older adults 
(15), which would offset possible [ower rates in children. 

Estimation of sleep apnea incidence is problematic because 
of using AHI cut points to identify who is at risk for incident 
sleep apnea at baseline. It is recommended to estimate incidence 
on the basis of the difference in prevalence between baseline 
and follow~up (T. B. Young, personal communication). Using 
this approach the incidence of moderate to severe sleep apnea 
(AHI ;;?: 15) )s estimated at 0.6% (increase in prevalence of 5.1% 
over 8 years) (16). 

The capacity for performing polysomnography is limited, The 
American Academy of Sleep Medicine recommends polysom­
nography for determining the severity of, and evaluating pa­
tients' response to treatment for. sleep apnea (7). The American 
Thoracic Society recommends poJysomnography for CPAP titra­
tion (8), If these guidelines are foliowed, on the basis of incidence 
estimates alone, 600 polysomnograms per 100,000 population 
per year would be required; however. the Wisconsin sleep cohort 
study has found that 82% of men and 93% of women with 
moderate to severe sleep apnea have not been diagnosed (17). 
The capacity required to deal with these undiagnosed cases, 
spread over a lO-year period (82% of9% of the male population 
and 93% of4% of the female population). would be an additional 
555 polysonmograms per 100,000 population per year. This as­
sumes that each patient would only require a single polysomno­
gram and does not take into account at-risk patients who should 
be offered polysomnography but who ultimately are not diag­
nosed with sleep apnea. Using a conservative estimate that 50% 
of polysonmograms would be positive for sleep apnea, approxi­
mately 2.310 polysomnograms per 100.000 people per year would 
be requlred to adequately address the demand for diagnosis and 
treatment of patients with suspected sleep apnea of at least 
moderate severity. This exceeds by a factor of 10 in most coun­
tries and a factor of 50 in the tinited Kingdom, the actual capacity 
for polysomnography, In sleep -centers where specialists control 
access to polysomnography, their availability is likely to be more 
limiting than polysomnography. If a fuU~time specialist reviewed 
1,500 new patients with suspected sleep apnea per year (6 pa­
llenl1i per day), a community would require 1.4 full~time sleep 
specialists peT 100,000 population. For the Calgary population 

(I"V 1,000,(00), this would translate into 14 full-time sleep special~ 
ists. At the Foothills Medical Centre, eight parHime sleep special~ 
ists equate to about one fUll-time position. Hence, we ser\tice ap· 
proximately 7% of the potential sleep apnea referral population. 

Funding models dearly dictate availability of polysomnogra­
phy as evidenced by the marked variation in the rate of sleep 
studies per year across Canada (Table 2). In most locales in 
Canada and many across the world. polysomnography availabll~ 
ity is capped by administrative funding. Waiting times for consuJ~ 
tation, diagnosis, and treatment in this type of system are 
excessive; the exception is Belgium, which, although has a similar 
ratio of sleep studies to population as other countries, does not 
have similar waiting times. This would suggest that the demand 
there is limited, perhaps because of underrecognition by primary 
care physicians. Excessive waits lead to potysomnography alter~ 
natives for diagnosis and CPAP titration. in some circumstances 
by practitioners with little or no training in sleep or respiratory 
medicine. There is a Jack of evidence indicating that these alter­
native strategies offer comparable outcomes [or patients, 

Patient access to appropriate investigation and treatment for 
sleep apnea is clearly restricted. Resources in the five countries 
that are indllded in this report. including the estimated resources 
in the United States (9), are inadequate to deal witb conservative 
estimates of demand based on known prevalence and incidence 
data, Because treatment of sleep apnea provides many benefits 
to patients and SO<..1ety, it is imperative that strategies be devei­
oped, and research evidence gathered to support them, that 
address the current dernand-capacity chasm, 
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May 7, 2004 

Tiffany Sanders, M.D. 
Francina C, Spencer 
Coverage and Analysis Group 
Centers for Medicare and Medicaid Services 
7500 Security Boulevard 
Baltimore, MD 21244-1850 

Dear Dr, Sanders, 

VivoMetrlcs'" is writing in support of Dr, Mendelson, Dr. Davidson and others regarding the 
request to include and recognize In Medicare coverage policy the use of portable multl-channel 
home sleep testing devices as an anernative to facility-based polysomnography in the evaluation 
of Obstructive Sleep Apnea (OSA), 

Enclosed is a compilation of scientific papers, articles, abstracts and marketing materials for the 
LifeShirt" System, a continuous monitoring system that captures PSG equivalent data in multiple 
environments, The LifeShirt System received FDA clearance in 2002, 

The LifeShirt System consists of core and peripheral physiologic sensors and data analysis 
software, The core data streams are respiratory inductance plethysmography (RIP), 
electrocardiography (ECG) and accelerometry, Peripheral inputs include electroencephalography 
(EEG), arterial oxygen saturation (Sp02), skin temperature, limb movement, blood pressure and 
throat sound, An electronic patient diary allows the collection of subject-reported information 
such as symptoms, emotions, activities, medications taken and programmed survey data, Data 
collected by the LileShirt System are encrypted and stored on a data card, processed by certHied 
sleep technicians in the VivoMetrics 21 CFR part 11 compliant data center, reviewed by a 
physician, and securely stored and transmitted to clinical trial sponsors or research sites as 
appropriate, 

LHeShirt System Technology: 
• 	 Based on a miniaturized, ambulatory version 01 RIP 
• 	 Contains embedded RIP sensors in a comfortable garment that keeps respiratory 

inductance bands properly positioned 
• 	 Collects high quality, robust data from patients sleeping naturalistically in a variety of 

settings from the controlled laboratory environment to the home 
• 	 RIP cited in the July 17, 2002 FDA Apnea Guidance Document as capable of 


differentiating between obstructive and central sleep apnea 


LifeShirt System Components 
• 	 Lightweight (80z, 260g). machine washable, comfortable shirt with embedded sensors 
• 	 Integrated recorder captures continuous measures on more than 30 physiologic 

parameters during daily activities, Data is encrypted and stored on flash memory card, 
• 	 Electronic Patient Diary records time/date stamped symptom, mood and activity 


information 

• 	 VivOLogic® analysis and reporting software 

o 	 decrypts recorded data 
o 	 synchronizes objective physiologic data with subjective patient report 
o 	 data is processed by certified sleep technicians and reviewed by a physician 

http:wwwvivometrics.com
http:www.vivomemcs.com


o 	 data securely stored and transmitted to research sites or clinical trial sponsors 
by Vivo Metrics' 21 CFR part 11 compliant data center 

o 	 researchers can examine high-resolution waveforms and look at trends over 
time. 

LifeShirt System technology is currently being used by physicians al academic medical 
institutions including Johns Hopkins University, Yale University and Stanford University; health 
care institutions including the Mayo Clinic, Walter Reed Army Hospital and the Rehabilitation 
Hospital of Indiana; and pharmaceutical companies including GlaxoSmithKline, Pfizer and Eli 
Lilly. 

Please review the enclosed information and call me on (805) 275-5834 if you have any questions. 
We anticipate sending supplemental information prior to meeting with you in the late May, early 
June timeframe, 

Thank you for your consideration 

Enclosures: 

Selected Annotated Bibliography for the LifeShirt System 
LifeShirt System Validations 
Abstract Prool, Prevalence of Obstructive Sleep Apnea in Patients Surviving Ischemic Stroke, 

Zaneteas, Philip; Coyle, Michael; Derchak, Alexander; Mendelson, Wallace, accepted for 
presentation at the Associated Professional Sleep Societies, June 2004 

The LifeShirt: A Muiji-function Ambulatory System that Monitors Health, Disease, and Medical 
Intervention in the Real World; Paul Grossman, PhD, University of Freiburg 

Accuracy 01 Respiratory Inductive Plethysmography during Wakefulness and Sleep in Patients 
with Obstructive Sleep Apnea, Jean Paul Cantineau, MD; Pierre Escourrou, M,D., Ph.D,; 
Richard Sartene, M,D,; Claude Gaultier, M.D" Ph.D., Michael Goldman, M.D., "CHEST", 
October 1992 

Accuracy of Respiratory Inductive Plethysmography for the Diagnosis of Upper Airway 
Resistance Syndrome, Daniell. Loube, M.D" FCCP; Teotimo Andrada, M.s,; Robin S, 
Howard, M.A" "Chest", May 1999 

Summary Document for LileShirt System for the Assessment of Sleep Disordered Breathing and 
Assessment of Sleep Structure Via Electroencephalography, VivoMetrics, April 2004. 

VivoMetrics product materials 
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TITLE: 

Prevalence Of Obstructive Sleep Apnea In Patients Surviving Ischemic Stroke 


AUTHORS (ALL): Zaneteas, Philip DI; Coyle, Michael A.'; Derchak, P. Alexander'; Mendelson, Wallace B.'. 


INSTITUTIONS (ALL): 1. Rehabilitation Hospital ofIndiana, Indianapolis, IN, USA. 

2. Clinical Research, VivoMetrics, Princeton, NJ, USA. 
3. Psychiatry and Clinical Phannacology, University of Chicago, Galveston, TX, USA. 

ABSTRACT BODY: 
Introdnction: Sleep disordered breathing (SDB) has been observed to be a pre-event characteristic of many 
patients who experience stroke (CVA). Also, surviving a CVA has been reported to increase the likelihood of SOB. 
SDS has been associated with comorbidities in the general population and may potentially have a negative impact 
on the recovery trajectory ofCVA survivors. Therefore, a cost-effective and accessible tool for identifying SDB 
would have clinical value. To assess the prevalence and severity ofSDS in patients who had recently survived the 
acute CV A trauma phase and were deemed stable, we employed a portable system to quantify apneas (obstructive 
(OA), ceutral (CA), mixed (MA)) and blood oxygen saturation (S,02). 

Methods: Recent survivors of ischemic CVA participated in the study (N = 18; n 12 females; age = 63 ±14 
years; n = 14 right hemisphere lesions). Patients were evaluated for SDS within 72 hours of the stroke diagnosis or 
when they were considered to be stable. CV A foci were determined and severity was quantified with the Functional 
Independence Measure (FIM). All relevant respiratory variables and finger tip pulse oximetry were recorded with a 
previously validated portable monitoring system (LifeShirt", VivoMetrics, Inc.; Ventura, CAl. Presence ofSDB 
was defined as an apnea hypopnea index (AHI) > 10. SOS events associated with a drop in S,O, of3% or gre.ter 
were classified as desatur.tion events. Sleep time was estimated from technician recorded Lights-off to Lights-on 
for the calculation of AHI ([apneas + hypopneas]/sleep time) and oxygen desaturation index (001; desaturation 
eventslhour). 

Results: Fifteen patients (87%) exhibited an AHI > 10. For this sub-group, FL'vI score at the time ofadmission was 
(mean ± SD) 65 ± 15. AHI was 34 ± 14 events per hour. Total SDB events were: OA = 148 ±II; MA = 57 ± 67 

.nd CA = 5 ±14. Blood oxygen desaturations were common (mean nadir S,02 = 79 ± 0.1%), as was the frequency 

of desaturations events (am = 45 ± 15). 

Conclusion: Theses data enrich previous observations ofthe prevalence ofSDB in patients who have recendy 
survived stroke, as well as suggest that SOB can be efficiently identified by this portable system in this populatiolL 

Support (optional): This study was supported by VivoMetrics. 



THE LIFESHIRT: A MUL TI·FUNCTION AMBULATORY SYSTEM THAT 
MONITORS HEALTH, DISEASE, AND MEDICAL INTERVENTION IN 
THE REAL WORLD 

Paul Grossman, Ph.D. 

University ofFreiburg, and F1MR, Konradstrasse 32, 79100 Freiburg, Germany 


The LifeShirt: A mUlti-function ambulatory system that monitors health, disease, and medical 
intervention in the real world 
Medical monitoring of health, disease. therapy and management has almost solely relied upon measurements made in 
the physician practice, clinic or hospital setting. Inferences about symptom improvement and quality of Hfe have also 
been based exclusively upon occasional self-reports of patients during medical visits. Because the ecological validity of 
this approach seriously limits our potential to adequately diagnose and treat patients, there has been increasing interest 
in ambulatory monitoring for a variety of conditions. Despite advances made in health-related ambulatory monitoring, 
medical practitioners and researchers have remained seriously constrained in their ability to acquire concurrent 
assessments of multiple physiological systems. as well as patient reports of symptoms and well being in daily life: 
Almost all past and current applications have been limited to the registration of a single variable (e.g. the 
electrocardiogram or blood pressure). and this has resulted in incomplete information about other reJevant physiological 
and environmental factors likely to contribute to disease or its amelioration. Monitoring of multiple physiulogical 
functions has been too complicated to achieve and has required special measurement devices that have been 
unavailable, too expensive, or too cumbersome to effectively employ, Concurrent assessment of pertinent information 
about patient activities during monitoring has remained difficult to accomplish, although such infonnation is likely to be 
crucial for the interpretation of physiological findings and patients' perceptions of improvement. 

The LifeShirt™ (Vivometncs, Inc., Ventura, CA, U.S.A.) is a multi-function ambulatory device capable of 
simultaneousJy monitoring several physiological signals and patient reports of symptoms and wen being. The LifeShirt 
system is an extensible data acquisition and processing platfonn consisting of 3 parts: a garment. a data recorder, and 
PC-based analysis software. Sensors in the LifeShirt garment continuously monitor respiration (via inductive 
plethysmography), the electrocardjogram, activity and posture, Other functions can easily be plugged into the system. 
including pulse oximetry, BEGI EOG measurement. blood pressure, temperature. capnometry and acoustic monitoring. 
Subjective patient data can also be entered into the LifeShirt recorder. and all data are encrypted and written to a flash 
memory card, Vivologic™ analysis software prOVides full-disclosure analysis and display of high-resolution waveforms 
and over 30 derived parameters;. the software also produces summary reports for clinical diagnostic purposes. 

Tne UfeSnirt has been ngorously tested for more than 38,000 nours in 90 studies witn 1,750 subjects. The 
device has received all necessary ~guJatory approvals and is currently used in leading research institutions throughout 
the United States, Canada and Europe. Clinical applications include sleep diagnostics. heart disease. pulmonary 
disorders. cardiopulmonary rehabilitation. early hospital discharge and pre- and post-operative monitoring. human­
factors in ergonomics (e.g. work-related concerns, aviation and the military) and behavioral medicine (e.g. fatigue and 
quality of life in cancer and chronic fatigue syndrome). 

Key words (title): Ambulatory system, Disease, Health, LifeShirt, Medical intervention, 
Multi-function, Meal world 

Key words (text): Ambulatory monitoring, Clinical and research application., Physiology, Multi-signal, 
Respiration, Electrocardiogram, Accelerometry, OximetrYl Heart-rate variability, Electronic diary ofpatieot 
symptoms 



Introduction 
Medical monitoring ofhealth, disease, therapy and management has almost solely relied upon measurements made in 
the physician practice, clinic or hospjtal setting. Inferences about symptom improvement and quality of life have also 
been based exclusively upon occasional sclf~reports of patients during medical visits. Because the ecological validity of 
this approach seriously limits our potential to adequately diagnose and treat patients, there has been increasing interest 
in ambulatory monitoring for a variety of conditions. Despite advances made in health-related ambulatory monitoring, 
medical practitioners and researcbers have remained seriously constrained in their abiHty to acquire concurrent 
assessments of muJUplc physiological systems, as well as patient reports of symptoms and well being in daily Jife: 
Almost all past and current applications have been limited to the registration of a single variable (e.g, the 
electrocardiogram or blood pressure). and this has resulted in incomplete information about other relevant physiological 
and environmental factors likely to contribute to disease or its amelioration. Monitoring of multiple physiological 
functions has been too complicated [0 achieve and has required special measurement devjces that have been 
unavailable, tOO expensive, or too cumbersome to effectively cmploy. Concurrent assessment of pertinent information 
about patient activities during monitoring has remained difficult to accomplish, although such infonnatioll is likely to be 
crucial for the interpretation of physiological findings and patients' perceptions of improvement. 

Tbe LifeSbirtTl
": A multi-function ambulatory monitoring device 

The LifeShirt™ (Vivometrics. Inc" Ventura, CA, U,S,A.) is a multi-function ambulatory devke capable of 
simultaneously monitoring several physiologicru signals and patient reports of symptoms and well being, The system is 
characterized by an extensible data acquisition and processing pJatform consisting of 3 parts: a gannent, a data recorder, 
and PC-based analysis software (see Figure I). 

Figure 1. The LifeShirt system: the monitoring vest and data acquisition and electronic diary unit. 

Sensors in or attached to the LifeShirt gannent continuously monitor respiration, the electrocardiogram. activity and 
posture. Respiratory measures are derived from thoracic and abdominal inductive plethysmography bands sewn into the 
Lycra vest. Inductive plethysmography provides the gold standard for non-invasive assessment of respiratory pauern. 
The U.S. National Institutes of Health recognize respiratory inductance plethysmography as the best non~invasive 
method to assess sleep disordered breathing in infants (Ramanathan et aI., 2001). The International Task Force of the 



European Respiratory Society. the Australasian Sleep Association and the American Thoracic Society also concluded 
that RIP was the best noninvasive method of monitoring sleep disordered breathing in adults (Aemoos and Buysse, 
1999). 

Respiratory parameters derived from the LifeShirt include volumetric (e,g, minute ventilation volume), timing (e,g, 
respiration rate) and flow (peak-expiratory flow) measures, These measures are relevant for a number of diverse 
disorders, such as pulmonary disease. heart failure. and anxiety disorders. Minute ventilation volume can also ordinarily 
be used as an index of metabolic activity. This variable, together with the accelerometer activity and posture signa), 
yields valuable information regarding activity pattern that aid in interpretation of other signals. The ReG signa) is 
employed to detect arrhythmic activity and to quantify heart rate variability, Other functions can additionally be easily 
plugged into the LifeShirt system via an available port and concurrently registered. including pulse oximetry. the BEG 
and EOG, blood pressure, temperature, capnometry and acoustic monitoring. Subjective patient data (e.g. momentary 
reports of symptom and well being) are also easily entered into the LifeShirt recorder PDA by means of a 
programmable diary/questionnaire inventory that is easJiy adapted to any disorder or health-related issue. 

An data are encrypted and written to a flash memory card. Vivologic™ analysis software provides full-disclosure 
analysis and djspJay of high-resolution waveforms and over 30 derived parameters (see Figure 2). Physiological data 
may be flexibly exported to spreadsheet programs for statistical analysis based on minute-to-minute averages, breath~ 
byby breath anaJysis, or the digitized raw wavefonn. MQreQver, newly deve10ped software is capable of automatically 
analyzing segments of data synchronized to patient diary entries (see pink tab in Fig. 2); for example, physiological 
signal patterns immediateiy pre<::eding a symptom entry can be simply analyzed to examine whether discrete 
physiological changes triggered symptoms. Vivologic software also produces summary reports for clinical diagnostic 
purposes. Figure 3 provides an example of a sleep diagnostic report automaticaHy generated after visual editing, 

Figure 2. . _ . _. panels to the left 
(top to bottom) are the tidal volume respiratory signal, the ribcage respiratory signal, the ECG, derived heart rate, and 

total respiratory cycle lime. NOle lhefuU~disclosure ofthe respiratory and ECG waveforms. The cemer pop~up is a 
close-up a/lhe ventilatory waveform, and the panels to the right are different respiratory flow~volume graphic 

relationships. Upper pink tab indicates diary entry. 

The LifeShirt system has received all necessary regulatory approvals: ISO 9001 certification - October 2001 
European CE mark - November 2001 
FDA market clearance - April 2002 
Canadian market clearance - July 2002 
Compliance with 21 CPR Pt II - August 2002 



FDA audit .. December 2002 
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Figure 3, Example oja sleep report. Left panel, hypopneaJapnea analysis; middle panel, oximetry. periodic breathing 
and body position analyses: right panel, examples ofspecific parameters. 

Real World Applications 
The LtfeShirt has: been rjgorously tested for more than 38,000 hours in 90 studies with 1,750 subjects, The units have 
also functioned reliably under a variety of extreme conditions, including U.S. Air Force plane testing at 7.5G, 
mountaineering at 4,500 m, Indianapolis 500 automobile racing, and long-haul trailer trucking driving. Not only is the 
system robust. but it is extremely comfortable, and user-friendly in terms of patient experience. instrumentation, data 
analysis and clinical interpretation, 

The clinical appllcation. of the Lifeshirt technology are equally wide-ranging, The LifeShirt makes possible ambulatory 
inductive plethymographic measurement of numerous respiratory parameters. Respiration has long been recognized as a 
critical indicator of many disease states but has not been previously reliably measurable in settings outside the hospital. 
AdditionaHy, diagnosis and management of the who}e range of puJmonary diseases from asthma to chronic obstructive 
pulmonary disorders is certain to benefit from ambulatory assessment of ventilatory activity during everyday life, since 
all curreUl assessment procedures rely on clinical respiratory maneuvers and not the spontaneous breathing behavior 
abnormalities that are the source of patient complaints. 

Clinical applications of the LifeShirt are, however, not limited to respiratory disorders. Concurrent measurement of 
respiration. activity and other physiological signals are important for a host of clinical syndromes and applications. 
Active research or clinical investigations using the LifeShirt are now taking place in the areas of sleep disorders. heart 
disease, anxiety disorders, diabetes, cancer. neurological conditions and functional somatic disorders, such as 
fibromya)gia. chronic fatigue syndrome and irritable bowel syndrome. Moreover. substantial evidence is available that 
measurement of heart-rate variability (HRV)-an important predictor of cardiovascular mortality and mOrbidity--would 
be greatly improved by taking into account respiratory and activity measures that confound HRV assessment (Bernardi 
e! at, 1996; Grossman et at., 1991), which has not been previously possible. Simultaneous physiological monitoring 
and patient diary assessment of complaints and reported activity can lead to new insights into the relation between 



Accuracy of Respiratory Inductive 
Plethysmography during Wakefulness and 
Sleep in Patients with Obstructive Sleep 
Apnea* 

lean !WI CanHneau, M.D.; Pierre Escourrou, M.D., Ph.D,; 

Rwhard Sartene, M.D.; Claude Gaultier; M.D., Ph.D.; and 

Midlael Goldman, M.D. 

To assess the accuracy of the respiratory inductive plethys~ 
mograph (RIP) during sleep in obese patients wi.th ul»true~ 
th-e sleep apnca {OSA}, we monitored L3 patients with OSA 
during wakefulness and nocturnal sleep with simultaneous 
!'l'lellsul'Cments of tidal volume from RIP and integrated 
airHow, Patients ,","Ore a tightly fitting face mask with 
pneumotachograph during wakefulness .and sleep. Calibra­
tions were performed during wakefulness prior to sleep 
and compared with subsequent wakeful calibrations at the 
end of the study. Patients maintained the same posture 
during sleep (supine, 11; lateral, two) as during calibrations, 
There were no Significant differences in calibrations before 
sleep and after awak~ning. The mean e-rror in 13 patients 
undergo-iug RIP measurements of tidal volume during 
wakefulness was - 0.7 ± 3.4 percent while that during sleep 
Wa$ 2,1 ± 14.9 per<lent (p<O.OOl), The standard deviation 
(SD) of the differences between individual breaths meas~ 
ured by RIP and inoo!,rrated airflow was 9.B±S.S percent 
during wakefulness and 25.5 ± 18.6 percent during sleep 
(p<O.OOl). During both wakefulness and sleep~ errors in 
RlP tidal vl))ume were not Significantly ccrrelated with 
body mass lnde:t. In 12 patients with at least 10 percent 
time in each of stages 1 and 2 sleep, SD was greater in 

Many jnvestigations have demonstrated the accu~ 
racy of the respiratory inductive plethysmo­

graph (RIP) in normal subjects and patients with 
COPD during wakefulne.s J" uSinga two-compartment
model of the thoracoabdominal wall proposed by
Konno and Mead,' Sever,.} different calibration tech­
niqnes are in use, including the isovo)ume method, 
the two posture method, least squares regression 
analysis, and a "qualitative diagnostic calibration:' 
Acceptable resuit, have been obtained during resting 
breathing in different body postures, during voluntary 
effort, to change the thoracic and abdominal volume 
displacements, and during exercise, a Additional re­
ports have assessed breathing during sleep,9-11 showing 
that calibrations during wakefulness before sleep and 
after awakening are closely s.imilar. The criterion for 
acceptability of "before" and "after" calibrations has 
been either similarity to within 10 percent or absence 
of • significant change in calibration slope. When 
--~----~--------~­
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,tage 2 sleep comp ....d with walcefuln... ....d stage 1 
(p<O.OOl), In three patients who manifested .11 stage. of 
sleep, SD WU$ greater in REM sleep than in wakefulness 
and an.tago, ofnon-lIEM sleep (p<O.OOn In three patients 
who manifested ali stages or sleep, SD was greater in REM 
sleep than in wakefulness and all stages or UOn REM sleep 
(p<O.OOI). This was associated with paradoxic motion of 
the rib cage in two patients during REM~ We conclude 
tbat, despite increased errors in individual breath meas-­
urcments during sleep, mote mmed during stages 2: and 
REM sleep, RIP is diui<:aUy useful to measure ventilation 
quantitatively in obese patients with sleep apnea. The 
eriterlon ofa decrease of50 percent in tidal volume assessed 
by RIP is appropriate to deBne hypopneas in such patients. 

(Chest 1992; 102,1145-51) 

ALG DIFF-algebraic difference; Cl=oonfidence interval; 
CPAP = contim.tUll$ po~itive airway pressure; OS-A =obstructive 
sleep apnea; PSG:=: polysomnogr'apbic; R,fo.:L OIFF =relative 
difference; RU= l:e'$piratory inductive plethysmograph; SAS­
sleep olpnea syndrome; V".=tidaJ volume measured from 
integrated pneumotachograph tra.cing, VIW'= RIP-dertved Udal 
volume 

these criteria are satisfied. measurements of respira~ 
tion from thoracoabdomin.al movements during inter­
vening sleep have been assumed to be reliable. 

Recently, it has been shown that 50 percent reduc~ 
tions in thoracoabdominal movements during sleep 
correlate better with both desaturatiou and arousal 
frequencies than 50 percent reductions in airflow 
measured by oronasal thermocouples." However, cal­
ibrations ofthoracic and abdominal movements change 
between wakefulness and sleep induced by ketllmine 
anesthesia) HI and one reportHl has concluded that RIP 
is unreliahle for quantitative uleasurement of ventila~ 
tion in sleeping asthmatic patients. A recent report on 
unrestrained normal subj~'Ct, concluded that RIP is 
unreliable for quantitative measurements in normal 
subjects who arc allowed to change body position 
during sleep, bul RIJ'.derived tidal volume in these 
subjects showed cOllsidemhle hias and scatter even 
during wakefulness, J' 

Because assessment of hypopnea is essential to the 
diagnosis of sleep apnea/hypopnea. the present inves­
tigation was und~rtaken ill patients referred for eval~ 
uation of possible obstructive sleep apnea (OSA). We 
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sought lo (~valuate the reliability of HIP calibration 
during wakefulness for assessing tidal volume during 
sleep. We nsed simultaneous measurements of tidal 
volume from the RIP and an integrated pnellm()tacho~ 
graph dlJl'ing wakefulness and sleep to evaluate HIP 
<lccunwy whcn calibrations before sleep and after 
awakening were not significantly different. 

METHODS 

futwnf.\' 

Tw(!nty <:ons{~C;lltive llatiellts presenting to the sll':ep lahoralory 
of the Alltoin(' B(~dfm~ Hospil<ll with <I history suggestivt! of sleep 
apnea sYlldromc were requested to participate in tbe study. After 
iuforllLed writttlH wlIscnt was nbtained, all patients uudcJl.vcnt 
overnight poiysolUliographk (PSG) studies. Neither seJatives nor 
IlYLl1l(lplie~ wen' Iised; and six l:mtients were Ilnable to sleep without 
suhstantilll disfllptinl\ due to intolerance of the jilC(~ mask. An 
additioI\l11 patient tolerated the study well. but the thoracic belt of 
the RIP failed illtennittcntly during the (..'ourse of the study. Tlwse 
sevCIl llUUCllLs an~ [lot included in the present results, The charac· 
terislic~ or the remaillinj.( 13 patients included in the present report 
(len male) am listed in Table 1. Mean age was ,,),,) years (range, 33 
to 69 YCill'S), body mass was 99 kg; (70 to 129 kg), ami apnea index 
was 28 (15 to ,'13). 

Patienb reported to the sleep laboratory at 9 I'~I alh~r cating a 
light meal, exeiuJing eafl"einatcd bewrage and alcohol. Eleetrocn­
cephalO.l.(raphk (EEC), submental electromyographk (EMG), and 
f>ledm-ncllllIgra[lbic (EOG) tmcings werc obtuined continuously hy 
standard IIwam. Artt·~rial oxygen saturation was mea,,'Iured L"llntinu­

()ll~ly with a puiS(' oximeter (Ohmeda .3740) .. ttachcu to the fin~cr. 
Hespiratory airflow wus measured by a pneumotadlO~raJlh attached 
to il faet' mask that hHt! a low pressnre air-filled cushion, held in 
position with an el<l~tic harness over the heatl and neck to ensure 
constant (:onim:t with the face. Tidal v{)lume was obtained by 
i!ltc~rati()n of tilt: air How signal. Chest and abdominal RIP hands 
Wt~n~ ~l'c!lf(-'d with strip~ of adhesive tape over the thorax at thn 
lupplt· le'vd ami abdomen a.t the level of the umhilicus, helow the 
(:()stai mmgiu. iWU ab()v(~ the iliac <:rest. All SiglUlb, were re{;()rued 
011 au o.~cillo,l!;rajlhil.: paper recorder. 

AftN (;nniliarizaLloli with the iabomtory, patients were instructed 
in the pt·r/(wmanee of voluntary chHng~ of thoracic and abdominal 
dl"ol"ts duriu,I!; tidal volmlles of different size. ,".'/" During these 
efii)rts, calibration (;ollsisted of r~cnrdillg tboracic:, ubdominal, and 

.... 


volume signals while one inYestij4ator monitomd tIm patients to 
tm!Oure that they did not c:h:u«c body position and anothormtlllitort..>d 
the HIP" signals to ensure thut they changed sufficiently and 
remained on sculc. Cali\.lI"utiul) ("odficicuts were calculated by the 
method of linear regression. All paticnts were instructed in the 
performance of isovolwl1fl maneuvtll"s'\o determine the ratio of the 
(:nlibratioil coefficients. This ratio was then comp,~red with that 
ohtained ulgchraicnlly from the method of linear regression. We 
(~:llibrated all patients' thmadc and abdominal RIP signals during 
hrf'.l.lthing ill the posture clWSCIi by the patient fi;}r sleeping (supine 
fur I [ llntiellLs, laleral decuhitus for two patients). Patients maill­
tained this same Lx)sture throughout the entire study. 

CuHhmtions were performed approximately 15 min prim 10 lights 
out. Following calihratiun, continuous recordings of r~}<;G, EOG, 
EMC, Sa02 , thorax, abdomen, and tidal volume Wtlre obblintld 
during wllkefulness and sIt:ep, includin~ tht! trnmitioll as the patient 
wtml tf) sleep. Mtmsuremeub were continued during sItlep for 2 to 
4 h, IIntii the diagnosis of OSA wus established. The patient was 
then awakened and a second calihration wa~ obloliued, after which 
pliticnh undClwent therapeutic continuous p()sitivtl airway pressure 
(CPAP) titration. 'Iidal volumes from the pneumotachogl'aph were 
discontinued during CPAP titration, hecause of the difficulty of 
obtainillg unambiguous respiratory airflow tracing.~ in the pre~en(.'e 
of applied nasal airway pressure. 

Tmcings of thoracic and ahdominal displacements were measured 
ill e .. ch litlge of sleep when a sfllies of at lenst 25 consecutive 
respiratory (:ydcs were available for analysis. Calibration ('~lelficients 
obtained during the iuitial (prior tu slecp onset) e.:tIibrntioll were 
applied to individual thorolcic ami 'Lbdmninal tmcings during w'dke­
fulllcss und .~leep. The separate lhoracic and abdominal volume 
t.'olltributions were added, cycle by cycle, to ohtaililhe RIF-derived 

lidal volume 01l1lr), according to thfl fc)lIowing formula: 
VKII'""Vlhoradc+ VaWominal=Kth x Dth+ Kabx Dab ... (1) 
whew: 
V 1U1' = tidal volume measured from abdominotboraci<.: siguuls 
Vtnoracic = volume displaced hy thoracic movelllt!Ills 
Vubdtlmi.nai = volume displaced by abdominal movements 
Kth =volume..displat.'ement calibration coefficient of thorax 
Kab "" volume-displacement calibmtioll t.~>efficient ofahdomen 
nth = disl)laeement Illtl<lsured from thoradc RIP tmeiug 
Dab = di.~placement measured from abdominal RIP trueing, 

Tidal volumc measured from the integrated pneumotachograph 
tracing (VPN) WliS comparoo for each respiI"'oltory cycle with VlUI" The 
onset ilnd end of inspiration were defined by the integnlted .air8ow 
mea.~urement of tidal volume; und care was taken to measure the 

Table 1-Patient Characteristics* 

PatienVSexlAgc, yr wr BMI LAT AW AI MIN <90% 

I 
lJM/43 \).5 
9/M/47 74 
31M1fi9 90 
4/M/6H 125 
,'5IF/61 115 

I 61F/59 129 
7/MI56 108 
8/M/I'i2 90 
!lIF/60 81 

IO/M/4H 89 
LliM/55 \l6 
12lM16H 125 
]:]/M133 70 
Mt'iUl 515 99 
sn lO 19 
-----"­

""-----­
,11 .; 2 15 75 L7 
2:1 44 6 20 88 1 
em H3 7 38 80 22 
45 50 2 26 74 7 
42 7 36 82 3 
,'5<\ 3 r, 30 75 38 
:l4 7 25 74 15 
27 8 9 17 90 0 
30 LL8 4 2:5 80 26 

31 62 1 53 76 19 
33 5() 2 30 71 12 
43 8 2 27 85 65 
21 ,16 5 16 75 1 

,14 :36 5 28 79 17 
9 35 2 10 6 17 

*wr,· hody weiJ(ht ill kg; 8M] = body mass imlex in kglm~; LAT= .~lt)ell latency. in minutes; AW"", number of awakellings after sleep onset; 
AL ~~ apllt'a indl'x (numher ofapncaslhonr); MIN = minimum SaO~ duriuA .~lcep; <90% "" total slel~p time (pert:ent) spent at SilO! <90 percent. 
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i('!1t~ Il, 0.10,------------------, onset, RIP-derived volumes were within 5 percent of 
onH(,red integrated airfiow in 11 of 13 patients and within 9.1•tJv and 0.08 percent in 2 of 13. Calibrations perfonned prior to , in thO' 

il'l the sleep onset and after awakening were within 5 percent0.08 
() (,f tht­ of each other in 6 of 13 patients and within 9.6 percent 
ttll trwl in 7 of 13. Figure 1 shows a representative series of 
on. W' 

f 0.04 
calibration breaths in one patient. Thoracie displace­

durin~ ~ M2 ment divided by tidal volume is plotted on the y axis,
(Sl1pilk 

and abdominal displacement divided by tidal volume S la;l.lW 

is plotted on the x axis. The y- and x-inter<.'epts of the 
(, B~il!~ line of regression yield the thoracic and abdominal'::j l- ... : I 
.F.O(; calibration (''Oefficients, respectively. The mean corre­
ht4im·d . O.04.f-.-.--c~-~'-.,....-.,....-.,....-~,__--J_I lation coefficieot If) between pneumutachograph- and 
p.lht.'f.l ·0.01 0.00 0.01 0.02 0.00 0.04 0.05 0.06 0.01 

RIJ:'.derived tidal volumes was 0.95. In len palients, r for Z Hi DAa/VPN 
was greater than 0.95, ill two patients it was between 

FICURE 1. Thoracic (D'I'H) and abdominal (Du) displacements 
.'Ilt \~-,;h 

r wilier. 0.9 and 0.95) and in the remaining: one patient,
divided by directly measured tidal Y()iume 0/,J during calibration, 

riJSSlIT? 
Points at the extreme upper left (to left of 0 abscissa) represent r= 0.88. There was no significant difference in the 

Ih \l/erf slight abdominal paradox during the calJbration breaths and dome slope of the regression line, mean lhortlclC or abdom­
'ulty uf at the extreme }Qwer right (below 0 ordinate) represent thoraclo inal calibration coefficients. or the ratio of the,e
f(',,(>I1('(' paradox. Soled line is regression line (r-,=O.95). 

<'Oefficiento before sleep and after awakening; and 
:a.mr('d wrumes displaced by thoracic and abdomina) movements only there was no significant difference between this ratio 
e'cu1in hetv.'een the time$ of onset and end inspiration. This avokU errors and that obtained by the isovolume efforts performed i: 

inc!cIlt, due to asynchronous movements of thorax ana abdomen, when prior to sleep.
n Wt~IT mommal compartmental amplitude$ may be grouter than indepen· Only three patients achieved REM sleep with the{ wak£"­ dently measured tidal volume.il The algebraic differeru.'C (ALC I 
w)luHlt' face mask in place, These three and one additkH~alDIFF) WAS calculated betweeo VillI" and V'N' and the relative 
leJiYt'<l difference {REL DJFF) was calculated as ALG DIFF x HX,VV p". patient also manifested slage 314 sleep. In the remain­

Validity QfV~1' was evaluated in tenns of accuracy relative to VPN ing Iline vatients~ we have respiratory data only during 
(1) rutd precision. III Accuracy was qunnti6.ed by the mean ttlgc:braic or wakefulness and slages I and 2 sleep. In total. Ul09 

relaUve< differences between the two methods of me-..tSuring tidal respiratory cycles were measured during wakefulness, 
volume. Precision was quanU6ed by the standard deviatioll of the 

differences (Independent of algebraic sign) between the two meth­ and 2.973 cycles were measured during sleep in 13 
0<1,. suhjects. We measured 899 cycles in 12 suhjects during 

stage 1 (15:!:42 per patient),l.618cycl.s in 13 subjects 
RESULTS during stage 2 (124:!: US), 260 cycles in four subjects 

Calibrations before sleep and after awakening were during stage 314 (65±35). and 196 c-ydes in three 

ograph acceptably accurate in all patients. Prior to sleep subjects during stage REM (67±25). Average moni­
,II" Tht" 

aill10w Tabl. 2-AccuraCl/ (ALl.; DlFF, REL DlFF), • .nd !'reciown (SO) ofRlf'.Oerived Tuuu \\>I""", 

U'l;' the 


Awake Asioop 

ALG DlPF, REL O!FF. ALGDWF. REL [)[n~ 


Patient ml SD,ml % 50.% ml SD.",I % 50,% 

= 

I~ 1 -1.6 34.1 0.3 8.7 -156 324 14.9 31.7 

I 2 44.5 56.6 4.3 6.4 36.6 105 U 15.8 

22 3 -40.0 41.3 -9.0 U.7 -56.0 51.7 -12.0 18.9 
4 -14.U 32.6 -2.5 5.7 42.6 166 29.8 71;.2 

8 5 27.0 179 2.8 22.5 -5.4 144 1.4 22.5 

.).8 6 -19.1 168 -0.4 18.6 -94.4 223 5.0 36.2 

t.5 7 33.9 53.2 2.l 3.5 37.1 55.1 3.0 4.4 


o S 7.9 20.9 -1.3 3.6 19.2 134 13.9 33.3 

26 9 -3.5 40.1 0.2 8.3 -34.9 54.0 -5.1 9.9 


19 10 14.1 34.1 2.2 5.0 73.1 55.0 15.2 20.2 


12 II 2.0 53.1 0.7 13.8 39.5 !f2.5 17.2 35.0 

6-5 12 -26.7 56.9 -4.9 10.0 -138 66.1 -28.1 13.4 


1 13 -7.6 69.9 -3.1 8.3 11.5 9M 8A 9.5 

17 Mean 0.08 64.7 -0.7 9.R -12.7 120 2.1 115.5 

17 SO 23.3 48.1 3,4 5.5 74.2 76.8 14.9 18.6 


:tALC DlFF ... algebraic difference between mean VIII"/, and VI'''' in mIlliliters; REL DIFF x;. difference hetween meun VIIW and VI.,.' in percent 

'rcen!. tidal volume. 
()l\~f'1. 
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VPN (ml)I 
I 

toring time was 180±48 min, with an average of 
.i 44 :!: 23 pemmt in wakefuilless, 14 ± 5 percent in stage 

I. 33 ± 18 percent in stage 2, i ± 11 percent in stage 
314, and 2:!: 4 percent in stage REM. 

Table 2 shows for each patient the accuracy and 
precision of Rll'derived tid.l volume and means for 
all patients during wakefulness and sleep. Accuracy is 
given by the algebrato or relative differences (ALG 
D1FF and REI. D1FF, respectively) in tidal volume 
between the RIP and integrated airflow. During wake­
fulness, estimated mean tidal volume from the RIP 
provided a useful assessment of minute ventilation, 
The algebraic Jifference between RIP and integrated 
How was less than 45 ml in all patients. In no patient 
did RIl'derived mean tidal volume differ by more 
than 5 percent from integrated airflow during wake­
fulness. The nnmher of cycles was not identical for 
eaeh patient (awake mean ~ 77 :!:21, sleep mean ~ 
229::!: 152). For all respiratory cycles during wakeful­
ness (n = 1,(09), the mean algebraic difference was 
2.89 ml, (relative difference=O.04 percent). These 
difference, were not significantly different from O. 
Precision of tbe RIP (SD of difference between Va.. 
and V I'N) was within 10 percent in njne of 13 patients, 
SD ranged from 21 011 (4 percent) to 179 ml (22.5 
percent). For all cycles during wakefulness, the SD 
was 73 ml (10.5 percent). The 95 percent conSdence 
interval (CI) for IlIP-derived tidal volume during 
wakefulness was - 21 to +21 percent relative to 
integrated airflow. Figure 2 sbows the relation between 
HIp· and pneumotachograph-derived tidal volume for 
all cycles measured during wakefulness in all patients. 
The large majority of cycles fall relatively close to the 
line of identity, with somewhat more dispersion at 
tidal volumes greater than 600 ml. 

During sleep (all stages considered t"gether). the 
RIPwa, not as accurate ('lable 2). Five patients showed (8D= 122 ml) than awake (SD -74 ml) Or stage 1 sleep 

t148 

FICUltE 2. RIP-derived tidal volume (VIII') plotted iU a 
functicm of tidal volume from integrated airflow (VrN) 
during 'W'llkefulncs$ (0-1.000). The line Qr identity is 
shown. 

algebraic differences greater than 60 ml. RIP-derived 
mean tid.l volume was within 10 percent of integrated 
How in six patients. between 10 and 20 percent in five 
patients, and between 20 and 30 percent in two I
patients. For all cycles during sleep (n=2.973). the 
mean algebraic difference was 7.6 ml (relative differ­
ence. -5.2 percent). These differences were signifi­ I 
cantly different from O. Precision was less during sleep 
than wakefulness in all patients except one; it was 
within the limits observed during wakefulness (22.5 \
percent) in only eigbt patients. In 7 of 13 patients, SO 
of the difference between VRIP and VPN was Jess than 
100 rnl; ill 3 of 13 patients it v.'aS between 100 and 150 
ml; and ill 3 of 13, it was between 165 and 325 rnl. In 
the latter six patients, two showed larger percentage 
erfOrs in large tidal volumes. two in small tidal 
volumes. and two had relatively uniformly distributed , 
percentage errors. For all respiratory cycles during 
sleep, SD of the difference between VRIP and VPN was 
130 ml (33 percent). The 95 percent CI for RIl'derived 
tidal volume was - 61 percent to +71 percent relative 
to integrated airflow. Precision of RIl'derived tidal 
volume was signiScantly less during sleep than wake­
fulness (t=7.43; p<O.OOl). Error. in all subjects' 
respiratory cycles during sleep showed no correlation 
with body mass index (BMI). Figure 3 shows the 
relation between RIP. and pneumotachograph-derived 
tidal volume /i,,' all cycles measured during sleep in 
all patients. The majority ofcycles fan relatively close Ito the line ofidentity. with a clear tendency for greater 
dispersion at volumes above 800 ml. 

With regard to sleep stage, there was no statistically 
.igllificallt difference between wakefulness and stages 
1 and 2 in accuracy in patients with at least 10 perc..nt 
time ill each of stages 1 and 2 sleep (0 -12). However, Ithe precision uf RIP was ,ignillcantly less in stage 2 
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(SD = 101 mil (p<O.OOl). In patients manifesting all 
ved sleep stages (n =3), there were again no difference, in 
.ted accuracy, hut precisiOn was less in stage 2 sleep 
five (SD= 148 ml) than awake (SO=41 ml) (p<O.05); and 
two significantly less in stage REM (SD = 276 ml) than 
the stages 1 (SD = 55 ml), 2, or 314 sleep (SO = 83 ml) 
fer­ (p<O.OOl). 
ri/!­

DlSCUSSIONeep 
was The present study shows that use of the RIP in 
e2,5 obese patients with sleep apnea syndrome (SAS) i. 
SD acceptably accurate for estimating minute ventilation 
han during wakefulness. Accuracy of our measurements 
150 using the method of linear calibration is comparable 
" In to that previously reported for nonobes. sub­
age jects.3.~.l<l,t:s A recent study in young normal subjects 
idal showed a bias (algebraic difference between RIP- and 
lted pneumotachygraph-derived volumes) two to eight 
ring times larger thao in the present stud)l with a mean of 
was -14 percent." The precision of the present method 
ved permits determination of quantitative changes in tidal 
tive volume on a breath-by-breath basis tn within 10 
idal percent in tWll thirds of the patients, and to within 13 
Ike­ to 23 percent in the remainder. We measured respi~ 
x:ts' ratory cycles during wakefulness at the beginning of 
hon the night just after calibration, in the middle of the 
the night, and at the end ufthe study, 2 to 4 h later. Thus, 

ived the present results include a time factor comparable 
pin to that encountered during measurements of respira­
lose tion during sleep, Absence of a significant difference 
ater between calibrations at the beginning and end of the 

study suggests that this tjme factor was not of major 

,.lIy importrulce in redUCing preciSion. 

1ges RIP accuracy and precision were significantly re­
.:;eot duced during sleep. The accuracy of the lUP for 
:ver, estimating minute ventilation appears to be acceptable,e 2 even doring sleep in these obese patients, with an 
(cop overall mean of relative difference.s from integrated 

fnew} 

FIGliRE 3. RIP-deriYtid udal volume (VI<II') plotted as n 

function of tidal volume &om integrated airlWw (Vl!S) 

during sleep (n::::: 2,973). The line {)( identity ill shown. 


airHow of 5.2 percent. This is comparable to that 
observed in astllmatic .uhject5 duri))g sleep in the 
absence of lower rib cage paradox" and ,omewhat 
hetter than recently reported result, in normal unre­
strained subjects. " 

Precision of the RIP during sleep in these "bese 
patients shows a dear limitation. The S D of nU 
differences between RIP and integrated airflow during 
wakefulness was 10.5 percent while that during sleep 
was three time, .s large (33 percent). Thus, minute 
ventilation averaged over a number of Loyde. may be 
accurately estimated during sleep in obese patient. 
with SAS, but local transient, such as hypopne-... of a 
rew breaths may be estimated less accurately. The 
current definition ofa hypopnea as a fall in ventilation 
of 50 percent or more"'"' appears to be a uscful guide 
for obese patients with SAS, ,ince it is between the 
SO and 95 percent CI in the present study. In 
unrestrained subjects, US" of continually updated 
amplitude criteria (50 percent fall in abdominothoracic 
movements relative to immediately prceeding minute 
ventilation} as recornmended t3.11; provides an approw 

priate reference for assessing hypopnea. 
Anumber offactors may contribute to enors in RIP 

tidal volume during sleep. Some asynchrony between 
thoracic and abdominal movements was observed in 
the patients in the present study We measured the 
compartment.l contribution to tidal volume using the 
onset and end of inspiration determined by tbe 
pneumotachograph to avoid any errors due to asyn~ 
chrony.I5.21 Movement of thoracic Dr abdominal RlP 
bands could cause errors during sleep, hut we fh.:t::d 
the bands at ,everal site, with small adhesive strips, 
and verified their positions at the end of the study. 
Furthermore, if movement of the bands contributed 
to greater measurement errors during sleep reL.'ltive 
to wakefulness, we would expect different calibration 
factors after the period of sleep measurement•. This 
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was not ohserved, Clu.mge in PUSiUOll of the patient is 
similarly not likdy to be u major factor in explaining 
the de(~reilSe in accuracy and pn:c1sioH of tht: RIP 
during sleep. Our patienls maintained u fixed posture 
throughout the study, verified hy direct visual ()b$er~ 
vatioll. Those who slept in the lateral decubitus 
posture mighl he expected to show larger errors due 
hi undeteded position change if this were a major 
canse of error, Tilts W~~ not the ca~it' in the two patients 
\vlw mnintained the latt'rat decuhitus posture, 

The m:ljority of otlr sleepil1"" measurements were 
made during !itagcs 1 and 2 sleep. similar to those of 
Ballard et at l\f We indndt!d !'cspiratory cyde~ (wer a 
wide range of tidal volume, exdudiug the first respi­
ratory cycle during thu hyperpneic "hreakthrough" 
respiration f(}I1(}\ving obstructive apneus in order to 
avoid ~trtifacts of body movement. Nevertheless, a 
hi,Aher percentage of respiratory cycles during stage 2 
~leep were lurl4t! tidal Yoiutnt's. whk:h were asso<:iated 
with larger errors during: both wakef\tlnes!) and sleep, 

Relatively few respimtory ey<.:les were available 
duri!l~ HEM sleep in the present stndy, In those 
patients exhibiting REM sleep, there was a significant 
decrement in RIP I>recis)or; compared with w~lkeful­
oess and nou~nEM sleep, This is in accord with results 
reported in a.nimals.xl Estimates oftidni volume bused 
on a two-compartment model mHY he in error if the 
model is not appropriate to the hehavior of the 
thoracmtbdmninal wall. Dmiut4 REM sleep, there is 
markedly decreased toue in intercostal muscles lead­
ing to a change in thOra("Ul.lhdominal mcchanics:ll1.:.!5 

and distortilJ[) of the thomc()ahdominaJ wall, om)l­
mouly with paradoxic ill\\'anl motton of the thorax 
during imqliration. Such paradoxic inward motion of 
the thorax "vas observed in two of the three patients 
in the present study who ml.U1ifer-;ted REM sleep, 
Similar thoracic pamdox hu.s beea observed in asth­
matic subjects, lh,!'" tetraplegics., 2i> during halothane 
<U1.t!'sthesia. ll7 and in newborn Inunan:s:, lI!I Under the&e 
c'{mditions, the tW(J~comp.artment model uf t11oraL'{)~ 
abdotTImul rnutinns may not be valid in infimt:s and in 
adult asthmtttit: subjects, HI:ffl In efft~ct, the thuJ'ax dues 
not heh.:!\,c with a single dt:,!.;re:e of freedom, hut rather 
tht upper and lower portions move a~ynchr()nously. 
The decreased precision in REM in the present study 
was not relatf:d to BM1, siru:e the subjects who 
manifested ItEM (1, 8,13) wcre among those with the 
lowest BM!. 

In summary, we have shown tllat least squares 
calibration or the RIP during wakefulness provides a 
useful quantitative estimate of tidal volume in obese 
patients with SAS during wakefulness, During sleep, 
accuracy and precision of the RIP are significanHy
decreased in obese patients \vith SAS, but errors are 
not correlat(Kl with BM [, M iuute ventilation was
estimated witb a mean errol' of 5.2 percent during 

sleep ill patients in the pres"nt study, HEM sleep was 
associated with larger errors in RIP estjm~ltion of tidal 
volume than quiet sleep, which may be explained by 
thor.eoabdominal distortion during REM sleep, Th. 
criterion for hypopnea of n decl'ement of 50 percent 
in ventilation as measured by the RIP has been closely 
associated with desaturutions and arousals.. f:i These 
authors suggested tl\.;'1t although venti1ation can only 
be measured semiquantitativelylil in unrestrained 
sleeping subjects, inductive plethysmography np­
~)eared clinically useful. Although errors may be 
greater than observed in the present study during all­
night recordings with a larger percentage ()f time 
aslecpancl especially in REM ,Ieep, the present re,ults 
support the clinical use of RIP in obese patients with 
SAS. 
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Accuracy of Respiratory Inductive 
Plethysmography for the Diagnosis of 
Upper Airway Resistance Syndrome* 

Daniell. [",mbe, MD, Feep; TeotillUi Andrada, MS; and RDbin S, Hau;aro, MA 

! Object,::e: To ·detcrmine the" sensiti~ty and specificity or· quan~~tive ~eSpiratory inductive 
plethysmography (RIP) compared with the "gold standard," nocturnal esophageal pressure (Pes) 
measul'cment~ in the diagnosis of upper airway resistance syndrome (UARS} in adults. 
Methods: Fourteen consecutive patients without ohstructive sleep apnea and suspected of having 
UARS undcr'went simultaneous measurement of Pes with a catheter and standard nocturnal 
polysomnography along with RIP. UARS events (RERAs. respiratory effort-related arousals) were 
identified by observing crescendo changes in Pes with a Pes nadir :$ -12 em H2.0. followed by an 
arousal or microarousal. DARS was defined as a: 10 RERAs per hour. For each patient, the ratio 
uf peak inspiratury flow to mean inspiratory flow (PIFMF) measured by RIP was performed 
during quiet wakefulness and with 40 randomly selected breaths in the supine position for two 
conditions: stage 2 sleep, immediately prior to arousals in any sleep stage. The mean PIFMF 
(wake-sleep) was calculated for each condition. 
Results: The sensitivitie~ and specificities~ respectively, of RIP to distinguish UABS patients from 
non-HARS patients are from stage 2 sleep (67%, 80%), immediately prior to arousals (100%, 
100%). For breaths occurring immediately prior to arousals, the mean PII"MF (wake-sleep) 
is ~ 0.13 for VABS patients and < 0.13 for non-VARS patients. 
Conclusion: The PIFMF mea.sured by RIP allows for the most accurate identification of OARS 
patients when breaths are selected for analysis immediately prior to arousals. 

(ClIEST 1999; 115:1333-1337) 

Key words: ohstrut'lfv(; sleep Ur);)ca; polysomnograpby; n.:spiratmy inductive plethysmography; upper airway resistance 
syndrome 

Abbrevi'ltions: AHI = apnf.ClI.-h}1lOpnca index; BMI·= hody tntL.,S inciex: NPSG = nocturnal polysnmnogl'aphy: 
OSA = ol,,;tnK'tivc sleet) apnea: Pes esopllageal pressure; P1F.r-.rfF = peak inspiratory flow to mean flow ratio; 
HEHA = rl'~pif;Jt(}j'y eftorkdawd arousal: HiP respi.ratory inductive plethysmography; DABS = upper airway 
T\,;;istanl'l' syndl1lnlL' 

Upper airway resistance syndrome (UARS) pa­
tients present \vith complaints of excessive day­

time slf'epitles~ and do not have obstructive sleep 
apnea (OSA) on eval"lltion hy standard nocturnal 
polysomllography (:-iI'SG) I The diagnosis of UARS 
is lllade when nocturnal esophageal pressure {Pes) 
monitoring demonstrates crescendo changes in in­
trathoracic pressures t{)Uowed by frequent arousals 
or microdrousals. 2 Alternative method., to Pes mon­

'FfOPl the S:ccl' Disorders Center, P1l1nHif'lafV and Critical Care 
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ito ring that have been studied for use in the diagno­
sis of UARS include semiquantitative analYSis of 
transduced Hasal pressure waveform,1 and measure­
ment of pharyngeal closing pressure4 None of these 
clltprnative methods to Pes monitOring are consid­
ered to be suHlcientlv validated as to be recom­
mended for \videspr~ad application by a recent 
consensus group ",,,essing the diagnostic accuracy of 
techniques for the measurement of sleep-disordered 
breathing:s 

Few dinical sleep disorders centers in the united 
States routinely ntilize Pes monitoring to diagnose 
UAHS," Factors preventing the Widespread use of 
this technique include patient refusal or intolerance7 

and the requirement of additional technical expertise 
and expense, Tlms. many patients are diagnosed as 
having UARS presumptively, without Pes monitor­
ing, 011 the basis of the qualitative perception of 
possible respiratory-related arollsals from standard 
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:-iPSG. To date and to our knowledge, no studies 
validate the use of standard NPSG alone as an 
accurate method for the diagnosis of GARS. 

Quantitative respimtory inductive plethysmogra­
phy (RIP; measurements are based on the detection 
of changes in volume of the chest and ahdomen over 
the breathing cycle. The sum of these measurements 
has heen demonstrated to provide an estimate of 
tidal volume if calihration is maintained.' Assess­
ment of the degree of as}olchrony hetwecn chest and 
abdominal measurements during sleep allows detec­
tion of hypopneas, which correlates dosely to events 
detected by pneulliotachollieter.v Based on the ob­
violls need to diagnose UARS without Pes monitor­
ing, the current study seeks to determine if RIP is 
accurate for this purpose. 

MAn;RIALS AND METHODS 

Patiputs 

Approw,; for this study \I.'US ohtalncd by the Institutional 
Hcvicw Board and Human CSt, Committee of the DepJ.:7c)1cnt of 
Clinical JHv~'stigati()g at Walter Heed Army Mc,ditul Center. 
Patients with symptoll'is suggestive of nilfcolcpsy or other ~ikdy 
Honrespirato!'y ):.lcep disorders w('(' exdudcd froIn study purtic~ 
ipation, Over a .1~m()ntl; period, 64 adult patient" with t: median 
AglJ of :34 yeMs (range, lB to 48 ycafs; .tnd llwdiun body mass 
index (BivII) of::;; kglm2 (rdngc, 25 to 29 kglm2), rccejv;:d NPSC 
for til(' ('VahMtion of complaints of wit:.csscd apnea, snoring, tlnd 
ex(:cssive tlayfi!l1e slecpilH~ss, 

All patients nx:dvcd All initial 12~chHnnd NPSG (S()mno~tur 
4100 SjiStCln; SClI.sMMcdks Corp: Yorha Lindh, CA) that in­
duded'the follow1Lg standard panl.metr-rs· ("('otral and (}(x:ipitll.l 
EEG. light iJnd left dcctHH)(;Hlo~nlln, digasbic !lil.t! tibialis 
{dcl:trorn)lJgram, CO;)tinIlOWi <lirnO\~ by oronnsal ktnperature 
tllC'rfflistor. chest IV"U t'x('\.In;ion!: by thnmeie and ahduminal 
inductive pldh)'snHl-<~ntphy. heart rate ami rh.vthm by gee;, 
()Xylil':llOglohl)1 Si.ltUntti(1Il by pu},>\) OXllrletry. ""ld llCOUStiC I110n­

itoring of sHoring, :munds. The :r-.;PSGl> were scored using :30-:> 
cDocil<; foUowi:l.g the Hechtschalfco and Klii('~HJ ('riteriH for 
'l:teep/WkKt.' ddc~lli;ql.ti{)ll and sl(x:p.st.lging. Armls.lls were dc~ 
n11(~d as >:3 " of ,t shift to alp!!" 0:' theta FEG itchv);-!' from ,\ 
"lower lnll::kgrmu;d frr'llucnty.· MitTDl\.rousals were dcfi,:<.'J <IS 

> I !> hilt < 3 ~ of a sbift to alpha or theta EEG udjvity lrom a 
~l()wl:r !w.c:kgrounu frcquccc:y. Ht\"I)lfdtOl;" tracing., WCfZ' l'V,Ull· 
atcd for the prcspnc:c of apnea, wnkh was dd1ncd ,l'; <:ompll'te 
"hst'!lw of ()rnl~<lsal thermistor airflow for at least 1 () s. Ohstrut­
th't' hypopnea \>rd.S defined l:l.~ ;::: ,50% dccrClllwnt ~n omrmsal 
airf1ov.· ror at lc-ast 10 s assodated 'with cddcncc or iI:creasing 
;l'spirntory effort as ml'JSHrt-tl hy quaJitativc inductivt> pldh;'s­
nto~r.;phy. The rcqUln,'ll1cnt of> 4% dccre<lse in oxyhemoglobin 
snt(;ration from haseline W,H not useu hecause the present study 
('vakateJ putier:ts who Were less likely to u.csaturatc than tYPiCal 
OSA patJcEts 'who huve decreased lung oxygen storc~ due :'0 
ohe~ity :Jnd advanced age.);) Pahcn~s were eor~sid()red to haw.} 
(JSA if ;-.JPSC d('rno;lstm.tcd .HI apm:f,~hypopl)("l index (AtH, 
apnea;., ltntl hypoprw,\s p<'1" hom) 2: 10 

For !!<ltk~nts who did not have OSA, the following night d. 

secimd NPSG was porfonncu, which included the standard 
12·c:hannd rc("ol'1:ling montdgc along wl.th the additional mea­
surement of Pes \\ith a 2.7~mm-diamL>{cr electroul\:' preSSGfC 
<:<tthder {C,,'tdtec; Hackonsack, N J) \vith the tip positioned in the 
mldcsophagus by l'urliogmplL Ollce correctly positioned, tilt;: 
catheter was liL'curcd at the nosc with adhcsive tape. The catheter 
tip tmmdu<>lT wa" referenced to atmmphcl1c pressure and 
c<lhbl'atcd \\-1th a water manometer to -50 em und +50 em H2o' 
UAHS events (HEHAs, respira!ory offurt-related atOuHus) WL'rc 
identified hy obscrvmg cresccnuo changes in Pes t'oliowcd by.m 
EEG <lrou~at Events wert' scorod only if the most nc'gativc Pcs 
('xeccded the baseline wake minimum negative Pes hy 50% and 
was s ~ 12 em H"O.') Tbe L'AHS index was defined as the mean 
nurnbc'r of HEn~ per hour over the course of the night. Patients 
were considered to have UARS if the VABS index wa:; ~ 10 
event'> per hour. 

QIUlrlNtati£r! RIP 

Along with Pes monitoring and standard N"PSG. HIP was 
rocorded simultaneously (SomnoStar PT; SensorMedks: Corp). 
The input leads for HIP eon.,>ist of two doth belts that covet 
curved wires that encircle the c11(:st and ahdomen. Initin! eali­
tlration of the rihcage and abdominal signals were performed 
during the first 5 min ofoperation u.<:ing the qualitative ruagnostk 
('alibratiuH proeedul'C. ,:1 

A ~oftwarc program (HcspiEvents; ScnsorMcrucs Corp) allows 
fur the hrc-ath~by-hl'eath calculation of the peak inspiratory flow 
to moun iO:ipirut0l}' flaw ratio {P[FMF). The PIFMF value is 
1..57 (11'/2 x radius! when the lUP~dcrivcd flow waveform is 
compl(;tdy rounded, indicating normal pharyngeal resistance, As 
tlw flow wu\'dorm flattens, inclit:<tting increased pharyngeal 
resistance, the PIFM F value approaches 1.0. Figl!rC 1 is a 
diagrarnmath: represuHtation of these various wJ.voforn:s and 
values. For odeh patit'nt PI F~.,.fF measurements were pc-donned 
dUring quiet wakefulness and with 40 randomly !idcetcd hreaths 
in the supine p(~...ition fur two conditions: stage 2 sleep, immedi­
ately prior to arousals. 

StatMicat Analysis 

For supine, stage 2 :;leep. port.ons of the study with:> ,') min of 
tllis eondition Were identified. Starting with the second consec~ 
utivc :jO-~ epoeh of this condition, a !",mdom number gcnorHtor 
wa:; u~{>d (widl d runge of ,5 to 20) to count suhsequent breaths 
and idl'ntj~)-' thc.'sc fOT analysis, For supine hreaths prior to .Ill 

aron~al, <l r«adorn number generator was used to idcntiiy 3U-s 
epochs. if the epoch contained an arousai, dIe breath prior to the 
arHllslJ was HTldlvzed. 

Data an.: exp~·cs);ed as the mC,m (± SO) unless otherwise 
statt~d The a'lsoeiation of the change in PIFMF (wake-sleep) 
\.vitlt the d.angc in Pes for each <:ondition wa:; evaluated using 
Pearson's correlation coefficient. Corrclatior. coefficients be­
tween the PfFMF (wah'.slecp) anJ Pes were pcrfonncd using 
the !TICUTI of the Pes nadirs for ul; 40 hrcaths for each patient 

PlFMF: .30 LIS 

FIGURE L RIP~dcrived flow waveform contours for varying 
degrees of airflow ohstruction with corresponding PIFMF ratio 
V'~llJes. 
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und,,! hoth conditions, Thu chang(' in PIFMF (wake-steep; was 
t'ompared between the tJAHS And non-UAHS groups using the 
Wilc:oxon n10k suni te<;t. Hccetvcr operating churacteristic analy­
'iis W<\i; \I5{'d to ddermine til(' sensitivity and spedfldty tlt 

dEferent values for the d[<mg:<' in PIFMF (wake-sleep), Stutb;Ueal 
signlfbtncL' \>,,',1.$ llcccptcd for p s fH)5. 

RESULTS 

PolY8omnographic Chnractt>ristic8 oj Patient 
Gmu]'" 

Standard NPSG was diagnostic for OSA in 50 of 
the 64 patients, The median AHf of the OSA group 
was 24 (range, 14 to ,51), The 14 non-OSA patients 
lldd a median AHI of 3 (range, 0 to 6). These 14 
patients received a second NPSG with Pes measure­
ment and RIP. "inc of the 1:1 non-05A patients met 
the diagnostic criteria lor VARS, Figure 2 illustrates 
the distribution of the Pes nadir (most negative 
pressure for the entire study) for the UARS vs 
non-UARS patients (respective means, -32:!: 12 
UTI H20 vs -6 :!: :3 em H20.). Figure 3 illustrates 
the distribution of UARS indexes for the UARS vs 
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FIGURE 2, Fcs nadir over the course of an entire night for VARS 
and non~UARS patients. 
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FIGURE 3. Number of RERAs for UABS and non-UARS pa~ 
tients, 

non-UARS patients (respective means, 31:!: 9 
events per hour vs 2 :!: 2 events per hour), The live 
non-VARS patients exhibited the least negative Pes 
nadirs and the lowest UARS indexes, with no evi­

denc", of overlap "ith the V ARS patients. The total 
aronsal index was increased in the LARS compared 
with the non-VABS group (23 :!: 8 events pec hour 
vs 12:!: 5 events per hour; p 0.03). Sleep stage 
distributions lor the UARS group and non-V ARS 
group are eompared in Table 1. The UARS and 
nan-VARS groups were similar with respect to the 

Table I-Comparison of Demographics fOT lhe UARS 
and Non-UARS Groupo-

BMI, Epworth Sleepiness 
Group Age, Y' kglm' Scale Score 

UARS 38:t I) 27.3:t 1.7 14::!:: 4 

Non·UARS 3,'5",10 27.1 :t 3.1 11 :::t: 3 


"Values expressod as mean ± SO. P Values wcre not significant for 
{.'Omparisons between groups. 
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duration of the various sleep stages with the excep­
tion of stage 3 or 4 sleep, which was decreased in the 
UARS group. 

Demographic Characteristics of Patient Groups 

Tahle 2 demonstrates that tile mean age, EMI, 
and Epworth Sleepiness Scale scores were sjmilar for 
the UARS and lIon-UARS groups. The age and BM! 
were typical {or UARS patients, as these patients 
tend to be younger and less obese than OSA pa­
tients.'" The Epworth Sleepiness Scale scores sug­
gpst hoth groups perceived excessive daytime sleep­
illess, as sc:ores in this range are t}pical for patients 
with untreated sleep disorders. 15 

Ewillatirm of RIP j;1r Diagnosis of UARS 

The correlations of PIFMF (wake-sleep) and Pes 
wem significant for the combined UARS and non­
UARS patient groups during stage 2 sleep 
(1' = -0.70, P = 0.03.5) and for breaths occurring 
immediately prior to arousals (r = -0.82, 
I' OJ)] 6). These correlations were performed us' 
ing the mean of the Pes nadir for all 40 selected 
hie"ths I,"' each individual patient under hoth con­
ditions. 

For stage 2 sleep, there was no sign illcant differ­
ence between the PIFMF (wake-sleep) {or the 
VAns and non-U AIlS groups (O.161:t 0.122 
vs 0.099 ± 0.022; P 0 . .36). For breaths occurring 
immediately prior to arousals, the PIFMF (wake­
sleep) was increased for the U ARS !-Ironp compared 
\Cith the non-UARS group (0.22'" ± 0.098 vs 
0.099 ± 0.022; P = (001). The evaluation of 
PIFMF (wake-sleep) to detect changes in Pes for 
clther stage 3 or 4 sleep was precluded by the short 
duration « 5 min) of' these sleep stages in four of 
the nine U ARS patients. Breaths in stage REM sleep 
were lIot evaluated because it was expected that tidal 
breathing wonld vary appreCiably from breath to 
breath, resulting in decrea.sed utility to distingnish 
the patient groups. 

The sensitivity and specifiCity of RIP to distinguish 
UARS from nOIl-UARS patients using the PIFMF 

Table 2-PeTcentage. of Total Time in Bed for the 

Various Sleep Stage. and Walwfulne •• in IIw UARS 


GTQUp CompaTed With the No ....UARS Group' 


W"kc, 
% 

Stage 1, 
% 

Stage 2, Stage H, 
% % 

Stage llEM, 
% 

VAllS 
NQn~UARS 

-

1)::!: 5 
.5 ::!:<i 

10::::: {) 
7::!:::3 

56:!: 12 8:::: 51 
50:!: 10 17 ± 5f 
-­

lS:!: i 
22 ± 8 

·Values expressed as mean =SD. REM = rapid eye movemenL 
tp '00.039. 

I 
r----------- J 

__ • _ J 

o a w • ~ ~ ~ w ~ ~ _ 
100% - Spe<lftolty 

FIGURE 4. Receiver operator characteristics curve for stage 2 
sleep in the supine position, plotting sensitivity and specificity 
Simultaneously across a range of thresholds for the difference of 
the peak inspiratory flow to mean flow ratio during wakefulness 
and sleep. 

(wake-sleep) for stage 2 sleep is presented in Figure 
4. The greatest diagnostiC accuracy lor stage 2 sleep 
occurs at a cutoff of 0.1 PIFMF (wake-sleep) with a 
sensitivity of 67% and speciflcity of 80%. For breaths 
occurring immediately prior to arousals, PIFMF 
(wake-sleep) had a greater diagnostic accuracy, with 
a sensitivity and spedfkity of 100%. All UARS 
patients demonstrated a PIFMF (wake-sleep) 
2!: 0.1:3 for breaths occurring immediately prior to 
arousals and all the !lOIl-UARS patients demon­
strated a PIFMF (wake-sleep) < 0.13. 

DISCUSSION 

This study demonstrates that RIP can accurately 
distinguish UARS from non-UARS patients nsing 
the analysis of PIFMF (wake-sleep). However, the 
most accurate application of this technique requires 
analysis of breaths prior to an aronsal in the supine 
position. This applicaUon requires that the RIP 
Signal be integrated with EEG Signals. It is logical 
that the PIFMF (wake-sleep) is most useful prior to 
armLsals in GARS patients, becanse these arousals 
are typically preceded by RERAs. RERAs are char­
acterized by a crescendo pattern in intrathoracic 
pressure with a nadir occurring for the breaths 
immediately preceding an arousal or microarousal." 
The nadir in intrathoracic pressure is a consequence 
of increased upper airway resistance, which accen­
tuates the asynchrony between the chest and ahdom­
inal components of RIP and results in a RIP-derived 
flow waveform that suggests !low limitation. I" Only 
hreaths occurring prior to an arousal, rather than 
prior to a microarousal, were analyzed because of the 
potential difllclllty in the reproducibility between 
individual scorers in the detection of microarous­
alS. 17 
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WhIte ct ,,1" demonstrated that there is dHncnlty 
in maintaining the calihration of RIP when it is used 
as a measure of tidal volume over the course of a 
night of sleep in normal subjects. The current study 
did not seek to reproduce these findings in U ARS 
patients, henc-e a pneulllotachometerwa;>; not used to 
ctllibrate the RIP or to docurnent initial wake con­
cor(umce between specific RIP-delived me,l'ureS 
and tidal volume. Berg et aP" f,mnd that RIP, nasal 
pressure transductioll, and the widely used oronasal 
thermistor are not adequate in comparison to the 
direct meaiurernent of minute ventilation when 
\ll{'St' are lltilized to detect hypopneas. However, the 
current study was deSigned to determine if a RIP­
derived measurement can distinguish UARS from 
nOIl-UAHS p>lticnts, although the moderate degree 
or correlation between individual Pes mea'furernents 
and PTF ~'l F (wake-sleep ,: for breaths selected fronl 
stage 2 sleep are t'Ol1sistent \\,th prior studies, 

Hossejpt et al::,m recently demonstrated in a study 
of 14 patients that the semiquantitative analysis of 
na."aJ pressnre wavefonn (:ontour allowed for nine 
OSA patient, to be distinguished from five nnn-OSA 
patients. Nasal pressure waveform contour>; were 
qu~litatjvely graded as normal, illtenllediate, Of flat· 
tened (flow limited), This study included only one 
patient who may have had t:Ai,s, hut Pes w,~s not 
monitored. The current study IIses PIFMF to quan­
tify the degree of wavelonn contour flattening, al­
though the requirement to sell?ct brpaths prior to an 
arousal to obtain optlmal accuracy suggests R[P is 
also a semi(jllantitative lIl<:'thnd lor identily.ng the 
inc]"{'H..<,es in upper ainvay resistance that occur in 
UARS patients. 

In conclusion, measuremeut of PIFMF (wake­
sleep) for bre"t!.s randomly ,elected itnmediately 
prior to an arousal in the supine position allowed for 
the aG'Curatt' identification of UARS patients hom 
nOIl-UAHS patients, Handomly ,elected breath, 
from stage 2 sleep were not as accurate ftJr the 
identification of L)AI\S patients, Integration of RIP 
with standard NPSG should allow lor the diagnosiS 
of UARS without measurement of Pes. 
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Public Comment (CAG-0093R) ~ 

By: Rebecca Olivares, VP of Ops & Finance 
With Randy Lazar, CEO/President 
Representing Aircare Home Medical 
Van Nuys, California 

Issue: Modification of current NCG (national coverage 
guideline) specifying that only a polysomnography done in a 
facility-based sleep laboratory may be used to identify and 
diagnose patients with OSA requiring CPAP. 



AirCllre Home !rfedical • 

Overview 
• We submit this additional information supporting a 

request submitted by Dr. Terrance Davidson on 
April 8, 2004, requesting consideration of the use of 
portable multi-channel home sleep testing as an 
alternative to laboratory testing, to diagnose and 
identify patient with OSA (Obstructive Sleep 
Apnea) in need of a CPAP device for therapy . 

• 	We have additional supporting information, both 
clinical and fmancial. 



AirCal'e [fome il4edical • 

Our Expertise 
• 	 We are respiratory experts. 

Our CEO and Corporate 
Compliance Officer are both 
RRTs (Registered Respiratory 
Therapists) . 

• 	 This report was prepared by 
Rebecca Olivares, VP of Ops 
& Finance who holds a 
degree in Finance. She also 
possesses over twelve years 
ofDME/HME Medicare & 

Medicaid reimbursement 
.

exper1ence. 

• 	 Our Director of 
Respiratory Therapy was 
our primary clinical 
consultant for this report. 

• 	 He possesses over 5 years 
of clinical experience 
working with CPAP 
patients, their physicians, 
and sleep apnea 
equipment. He is an OSA 
patient and uses CPAP 
therapy as well. 



Obesity - A Contributor 
• 	 SDB (sleep disordered breathing) is associated with 

hypertension, heart attack, stroke, heart failure & diabetes­
all of these conditions are proven to be either secondary to 
or exacerbated by obesity. In addition, approximately 80% of 
people with heart failure have sleep apnea. Recent health 
reports state heart failure is still the No.1 cause of death in 
the U.S. How many Medicare patients have heart failure? 

• 	 Recent CDC study shows that 650/0 of Americans are obese 
(reference noted in report). As baby boomers continue to age, this 
statistic will have a significant effect on Medicare and 
Medicaid spending. 



Iit,~ 	 A~~;;~i:i~'''~~:=I!!~~~~'~1 -ct,,~
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~ The Future (Cont'd) 

• Study at RTI International and the CDC estimate that 

U.S. medical expenses attributed to obesity reached $75 
billion in 2003. This study further notes that taxpayers 
financed half of that amount through Medicare and 
Medicaid programs. 

• 	 Another article estimates up to 25 million people in the 
U.S. currently suffer from OSA & many of these cases 
remain undiagnosed (reference noted in report). 

• 	 Over the past five years, the number of diagnosed 

OSA/SDB cases has grown dramatically. 




A Method Already in Use 
• 	 I<aiser Permanente, one of the nation's largest managed 

care health plans, uses home sleep study testing as the 
primary clinical pathway for diagnosing OSAjSDB for 
all of their patients. 

• 	 Home sleep studies are also employed by the 
Department of Veteran Affairs in Salt Lake City, Utah as 
the primary method of diagnosing OSAjSDB. 

• 	 University of California Medical Centers also use this 
diagnostic method. 



1~? 	 A~::~,~:,'!/~~:,~f~~:'~al J!. -.. Clinical Findings 
• 	 Numerous studies have been conducted over the past 

10 years to prove the accuracy of multi-channel home 
sleep testing used to diagnose routine sleep apnea and 
SDB cases. In reviewing Dr. Davidson's information, 
numerous studies were submitted with his original 
letter. Some of the studies are summarized in the 
following slides . 

• 	 A list was also submitted via e-mail to Ms. Spencer 
containing 86 references titled, "Home Diagnosis of 
Sleep Apnea: A systematic Review of the Literature" 
[CHEST 124(4): 1543-1579, © 2003 American College of Chest Physicians]. 
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~ AHI Com.parison 

• 	 Dr. Davidson was courteous enough to allow us a 

20-minute phone interview. This allowed us to clarify 
several questions we had regarding the studies and 
findings. 

• 	 The AHI listed in the clinical research studies 
comparing HSS to PSG is constantly listed at > 15 or 
> 30 because for many years, only an AHI of 15 or 30 
was considered clinicallY significant in diagnosing OSA. 
Dr. Davidson referred to this AHI marker as an 
imaginary "magic number" that is mostly outdated. 



~ 	A~:;~:,~~~:::.~~~~~~I "f!~. 
\i. The "Gold Standard" 

• 	 The PSG has long been considered the "gold standard" in 
sleep medicine and all HSS are compared to PSG, with 
PSG being considered completelY accurate. 

• 	 However, an AHI is not an absolutely accurate number, 
such as Hematocrit. There is significant night to night 
variability. Although clinically, we presume we must 
measure up to PSG and mathematically attempt to do 
this, neither test is completely accurate. 

• 	 An AHI is an estimation of a respiratory event. It is not a 
perfect number and cannot be evaluated as such. 



Ab'Care "ome JledicaJ • 

Sample Studies (Cont'd) 

• 79 patients were tested simultaneously with 
PSG and home sleep study. ARI correlated 
with r = .90. Sensitivity was 97% and 
specificity was 93%. (G, Alymow et, aL (Essen, Germany) Poster 659­

International Sleep Meeting - Sydney, Australia, Circa 1999). Embletta, Flaga unit was used. 

• 	 116 patients underwent the same type of 
simultaneous study. At an ARI>10, sensitivity 
was 95% & specificity 92%. For an ARI of 30, 
sensitivity was 100% & specificity was 97% (E. 

Ballester et al. (Barcelona, ~n), Bu RespirJ 2000; 16:123-127). Sibel Home-300 unit was used. 



Some Patients Require PSG 


• 	 Based on the clinical 
experience and expertise of 
our Director of Respiratory, 
approximately 90% of all 
SDB cases can be 
appropriately diagnosed 
using a home sleep study. 

• 	 Of the remaining 10%
, 

approx. 2% of cases can 
automatically be referred to 
lab-based testing-patients 
with neuromuscular 
conditions such as ALS, MS 
and Muscular Dystrophy. 

• 	 The remaining 8% may need 
a home study to rule-out 
sleep apnea & may require a 
subsequent in-lab sleep study ~ .~ 
to diagnose other conditions \ \rJY 
such as PLM (periodic leg -Vr~v>f 
mov~ment) disorder and ..~ /Ji 
obeSity related I~\"~~ ; 
hypoventilation. 0vv 

• 	 These patients represent a 
very small percent (in fact, a 
smaller percent than the 
conservative figures we noted 
above). 



AirCare Home Me(/fcai,,'t', 
'(1(.1. f,,(~i}~1J j{Qt(lri>J'<;p, '~?"'{"i • 

Drawbacks of HSS 

• HSS measures bed time vs. sleep time. If this 
NCD is approved, a change would have to be 
made to the current NCG used to determine 
CPAP jBIPAP medical need. Current guidelines 
state a patient must have 120 minutes of "recorded 
sleep." HSS do not record sleep time, only total 
bed time. 

• HSS do not incorporate EEG and most do not 
record PLMs. Some patients (a small population) 
may require a subsequent PSG if indicated. 



.~? AirCare Home Medical J!. 
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.~ Two Negative Studies on HSS 

• A clinical study was conducted by SNAP (a sleep 
diagnostic device manufacturer), which correlated 
poorly with HSS. However, the studies were 
performed 3-4 months apart and are therefore 
considered invalid and inconclusive. -11 ,7, 

• 	 College debate, big "position paper" released by 
the American Academy of Sleep Medicine, found 
every possible negative on HSS and decided to 
put it together in one paper stating why HSS is 
'bad' and inferior. I<eep in mind that the academy 
has a significant financial interest in protecting the 
'old way' and with it, its members-the PSG . 
commuruty. 
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Need to Control Costs 
• Given the current state of our Medicare & 

Medicaid programs, and the future estimated 
expenses our 65 + population will require, the 
need to control costs, while preserving the 
quality of care, is paramount. 

• 	We all agree that our Medicare and Medicaid 
programs need restructuring and modernization 
to allow efficiencies to be realized through new 
and innovative processes, new payment 
methodologies and the use of new technologies. 
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• 	 The cu~rent (national) 
approxunate 
reimbursement for an in­
lab PSG, needed to 
diagnose SDB patients, is 
$783.05 (diagnostic study 
only) plus $807.69 for a 
titration study. 

• 	 Overall, Medicare (eMS) is 
paying approximately 
$1,000 to $1,400 per study 
(diagn~stic and titration) 
per patient. 

• 	 In reviewing the annual report 
of a well-known sleep product 
manufacturer, sales have 
grown "dramatically." One 
company's sales increased by 
37% (or $192 million) 
compared to the same quarter 
the previous year. The same 
company's sales were $368 
million in 2000. For year end 
2003, the company's sales are 
now $629 million- and .
groWlng. 

• 	 This represents growth of 
71 % in only three years. 



Sleep Product Mfr - Revenue Chart 
Sleep Product Manufacturer A - Revenue ($ Mil) ~ 
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Revenue Year 
* 2004 represents 9 mos. of data 



AirCare Home Medical ~O . 

Facts & Figures 
This 71 % growth in 
only three years 
represents a common 
trend in the sleep 
product industry. 
OSA/SDB is a fast­
growing epidemic. The 
large number of new 
diagnosed cases stem 
from many more 
physicians being aware 
of the condition and 
more people seeking 
treatment for it. 

Given this incredible 
growth, the number of 
undiagnosed cases and 
and future anticipated 
growth, eMS must devise 
a cost effective method for 
treating this condition 
for its Medicare and 
Medicaid recipients. 
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~" Recent Financial Reports 

• We receive "Homecare 
Monday," a weekly trade e­
mail update for HME 
providers. Just last week, 
5/10/04, they released 
financial results of several 
companies for the quarter 
ending March 31, 2004. 

• The results were for several 
companies in the hoine 
medical equipment industry. 

• American Home Patient­
2.8% increase in revenue. 

• 	 Apria Healthcare-5% 

growth in revenues. 

• 	 Invacare-16% growth. 

• 	 Option Care-ll% growth. 

• 	 We can get an overall feel for 
the growth in the home 
medical equipment sector 
with these figures. Average 
growth for all of these 
companies is 8.7% 

• 



A,irCare Home Medh,al .. 

Sleep Product Manufacturers 

• 	 ResMed, an Australian co., headquartered in San Diego reported 
record results for the quarter and nine months ended 3/31/04. 
Net revenue for the quarter increased by 32%. According to the 
CEO/Chairman, "much of the company's growth ~s attributed] 
to strong domestic demand for its sleep disorder products." The 
U.S. market accounts for 50% of the company's sales. 

• 	 Respironics, a domestic sleep product manufacturer, reported a 
220/0 increase in revenue for the same quarter. The CEO added 
that this 20 percent year-over-year growth was led by a 23% 
growth in sleep therapy products. 

• 	 Total average growth for these companies was 27%. 

• 	 A significant difference from a mean growth of 8.7%
• 



* One Projection 
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This graph, taken from HME 

News, 3/04 issue, VoL 10, No.3, 

shows CMS (Medicare) allowed a 

total of 111,081 CPAP claims for 

a 4 mo. period. This totals an 

avg. of 27,770 claims per month. 

If 40% of these claims represent 

new patients and we then add 

200/0 for patients who underwent 

the study but were not treated with CP AP, we estimate Medicare paid for 
approx. 160,000 PSG tests in 2003. If HSS had been used in 900/0 of these 
cases-saving approx. $1,000 per study per patient-Medicare would've 
saved $144 mil in 2003. Had this savings been invested over 20 yrs. (to 
prepare for further growth & health insurance payments), at a conservative 
6% return, the program could save $461 mil. (based on 1 year savings). 
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Facts & Figures 
• 	 Approx. cost of a home sleep 

study (reimbursement 
allowance required) is $400 
based on a California Fee 
Schedule vs. current payment 
for an in-lab study of $1,000 
- $1,400. Please note, 
however, the $400 fee 
represents the diagnostic 
portion of the study only. 

• 	 One issue that must be 
addressed in considering 
home sleep studies is CP AP 
titration after diagnosis. 

• 	 The patient normally 
undergoes a second study (or 
split-night) while using a 
CPAP device at various 
pressures until the appropriate 
pressure is found. 

• 	 Home sleep study patients do 
not need to have an in-lab 
titration study and instead 
should be allowed an auto­
titrating CPAP. This provides 
additional cost savings while 
preserving the integrity of 
clinical treatment. 
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Auto-Titrating CP AP 

• 	 Having a patient undergo a 
HSS for the diagnostic 
portion & then an in-lab 
titration study, defeats part 
of the purpose of 
providing an in-home 
study. 

• 	 Titrating the patient in the 
home using a portable HSS 
device is not possible, 
since a clinician would 
have to adjust CPAP 
pressures through the 
night. 

• The solution to titrating 
home sleep study patients is 
the auto CPAP. The VA 
employs this method. 

• It is slightly more expensive 
than a regular CPAP 
device. We estimate a 20% 
increase of payment based 
on the current CPAP 
allowed amount would be 
required. 



Auto-Titrating CP AP 

• 	 In calculating the cost of the 

auto-titrating CPAP device vs. 
an in-lab titration study, we fmd 
that CMS/Medicare will save 
over $500 per patient per study 
per equipment rental. 

• 	 CMS would have to create a 
special code and/or modifier 
and a new allowable amount, 
but this is simply a procedural 
change. 

• 	 The auto titrating CP AP also 
provides some significant long­
term cost savings for 
CMS /Medicare program. 

• 	 This device's technology allows 
it to adjust to the patient's airway 
obstruction, providing the exact 
pressure needed. If the patient 
were to lose or gain weight or 
require pressure change to 
accommodate sleeping position 
changes, the patient would not 
have to undergo another in-lab 
sleep study to have pressures 
changed (which, is currently the 
case at a cost of $807.69 for each 
subsequent re-titration study). 
The auto CPAP automatically

•
adjusts to the pressure needs of 
the patient as long as they use 
the device (up to a pressure of 
20 cm). 
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• Approving the use of in-home sleep study testing is 
one of the smartest changes CMS can currently make 
to prepare for the significant growth of this 
condition & provide innovative high-quality 
healthcare at a significant cost savings. CMS must 
consider all necessary changes needed to make this 
decision a successful one such as approving the use 
of auto-titrating CPAP. 

• HSS testing is as clinically effective & accurate as in­
lab testing for the majority of SDBjOSA sufferers. 
Many studies have been performed to validate the 
clinical comparability of home studies to PSG. 
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• 	 I<aiser Permanente, the VA, and University of CA hospitals 
have already adopted this method for diagnosing OSA/SDB. 
They were innovative enough to take advantage of new and 
existing technology to deliver higher quality in-home healthcare 
while achieving significant cost savings for an already 
overburdened healthcare system. They were further able to 
accomplish this being careful to protect clinical and treatment 
. . 
mtegnty. 

• 	 CMS must further consider how the future & rapid growth of 
this condition will affect access to care. With the difficulty & 
labor intensity of in-lab studies, a multitude of patients cannot 
be quickly accommodated for testing & subsequently may 
remain undiagnosed. This will have significant long-term health 
consequences & high associated costs. 



Conclusion 
Thank you for your time and careful and thorough consideration of 
this policy change request. We urge CMS to look at this policy as 
one of the few innovative changes CMS /Medicare must 
incorporate, not only to modernize our healthcare system, but to 
take full advantage of new and existing technologies to provide 
better and higher quality care, in the most cost-effective manner. 

We can no longer be reactive. This approach has created one of the 
biggest challenges our healthcare system has ever had to face. We 
must be proactive and forward-looking in our approach & be 
willing to take the appropriate risks necessary to achieve innovative 
change & great results. If great scientists never took risks & did not 
believe there were better solutions to the health problems of their 
time, medicine would have never progressed to where it is 
today. Thank you. This concludes our presentation. 
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Public Comment (CAG0093R) 

By: Rebecca Olivares 

Vice President of Operations & Finance 

On behalf of Aircare Home Medical 

Van Nuys, California 


Issue: Modification of current NCG specifying that 
only a polysonmography done in a facility-based 
sleep laboratory may be used to identify and 
diagnose patients with OSA requiring a?AP. 
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METHODIST BLANK CHILDREN'S 
& LUTHERAN HOSPITAL 
IOWA HEALTH SYSTEM .. IOWA HEALTH SYSTEM 

1200 PLEASANT STREET 

DES MOINES. IA 50309-1453 
515-241-6212Date: May 3,2004: 

To: Steve Phurrough, M.D., MPA 
Director, Coverage and Analysis Group 
Office of Clinical Standards and Quality 
Centers for Medicare and Medicaid Services 

From: Randy Gorres, MS, RRT, RCP 
Manager, Respiratory Care Services 

RE: Obstructive Sleep Apnea National Coverage Determination 

I would like to offer some comments on the national coverage determination for 
obstructive sleep apnea. I have read the letter from Dr. Davidson from San Diego 
regarding his views on how to allow multi-channel home testing as an alternative to 
polysomnography. I fully agree with Dr. Davidson's medical review of the impact that 
sleep disordered breathing has on patients especially as it relates to untreated sleep 
disordered breathing and it's impact upon the cardio-pulmonary system. 

I somewhat disagree with Dr. Davidson's comment that it is grossly under diagnosed in 
large part due to a limited number of sleep diagnostic facilities. My view is that it is 
under diagnosed in large part due to many primary care personnel not being adequately 
trained to be able to detect sleep apnea. In addition, there is the difficulty sometimes 
faced by sleep labs in getting third party payers to either pay for a diagnostic 
polysomnogram, or if a polysomnogram is completed and the patient needs therapy vs a 
CP AP device, the reluctance of the third party payer to pay for the CP AP device, even 
when clinically indicated. There are also some problems with patients, after having been 
diagnosed and appropriately treated with the CPAP device, do not fully comply with 
using the CP AP device for a variety of reasons. 

My major point of contention with Dr. Davidson's idea of using multi-channel home 
sleep tests is this: 

Even though they may be safely and accurately hooked up, if a qualified person is 
either not visually watching the patient or remotely monitoring the patient and 
diagnostic device via some electronic means such as a modem, there is a complete 
lack of ability to take action when one of the leads of the diagnostic device becomes 
disconnected or if there is a patient problem. If there is an equipment malfunction 
you can't be assured of getting a diagnostic study and thus, not be able to accurately 
diagnose the patient. For example, if the EEG is not being monitored because ofan 
equipment failure so you don't know what stage of sleep the patient is in when you 
analyze the data, how can you properly diagnose the disease? Unattended home 
studies have never proven to be as accurate as monitored studies. 



Being able to accurately tell the stage (s) of sleep, position ofpatient, what, if any 
hypoxemia occurs, how frequent the apneas are is etc., is essential to a complete and 
accurate sleep study. Even if costs less cost, having to repeat a multi-channel study that 
is incomplete or worse, inaccurate, even once is going to drive up the cost considerably. 
An inaccurate study, no matter where it is done, could lead to improper or no treatment. 

I would think Dr. Davidson or someone would list the 14 studies cited using these 8 
different multi-channel home sleep tests to verify the accuracy of his claims. For 
example, have they been published in a peer review professional journal i.e.: Chest, 
American Review ofRespiratory Disease, Sleep? Have they been peer reviewed by the 
professionals in the world of sleep medicine such as APT Society or the American 
Academy of Sleep Medicine? Until that data has been peer reviewed and the case for 
allowing multi-channel home sleep tests being accepted as accurate as the "gold 
standard" that he alludes to, I found it somewhat disconcerting that eMS would consider 
allowing this without being able to insure accuracy of the testing and the results obtained. 

I am also very concerned that Dr. Davidson seems to think that the home sleep diagnostic 
dispensing and titration can be perfonned by a large number ofpractitioners such as ENT 
surgeons, cardiologists, primary care physicians and others. I think that this is the wrong 
approach and this is opening up a very important diagnostic tool to anyone being able to 
put up the money to buy the diagnostic testing regardless ofhis or her qualification, 
training and/or background. I put this akin to opening up cardiac caths to podiatrists, 
chiropractors and physical therapists. Perhaps I am wrong, but I am concerned about the 
technical skills, training and competency of anyone perfonning sleep testing, no matter 
where they are done or who owns the devices. 

Therefore, I strongly recommend that until the research has been done proving these 
devices are as accurate as the "gold" standard ofpolysomnography, that this has been 
independently verified (i.e.: the study has not been supported by one of the manufacturers 
of these multi-channel home sleep diagnostic tools) etc, that this not be allowed. I would 
encourage a large scale scientific study be done that reviews this issue to see if it is 
accurate and as safe as polysomnography studies done in either freestanding lab or 
hospital-based sleep labs. 

I appreciate the opportunity to provide this input. I can be reached at 515-241-5096. 

Sincerely, 
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