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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 ServicesZE (CMSA)
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 sector&s 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 6moderate or severe OSA for whom
surgery is a likely alternative.0 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:



0 AHI > 15 events per hour, or

0 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 dcessation of
airflow for at least ten seconds.6 A hypopnea is
defined as an 6abnormal 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.o

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 6facility-
based sleep study laboratory, and not in a home
or mobile facility.06 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.
CMSZ 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, [ 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. Davidsonas 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 patientA£s 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 6take-home do-it-yourselfo
testing), this cannot hardly be construed as

a 6normald night/Zs sleep; yet, without EEG, we
donZt 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 patients/E
homes are marginally trained at best, because
that/ZEs 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
donZt have to 0 therefore, this quality argument
cannot be used here because the variables are
entirely different.

I also do not agree with the notion that 6SBD is
under-diagnosed in large part due to a limited
number of sleep diagnostic facilitiesd. 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 dinterpreter variabilityd. 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: lain 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).
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 patientZAs home
raises numerous issues revolving around quality
of testing, access, and costs.

T 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.

T 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 | 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 wered The
diagnostic and treatment process in somnology ,
at the clinical level, needs to be more
carefully and systematically scrutinized."
O0We 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, | 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.
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HOSPITAL & CLINICS

Stanford niversity Medical Center

May 4, 2004

Steve Phurrough, MD, MPA

Director, Coverage and Analysis Group
Office of Clinical Standards and Quality
Centers for Medicare and Medicaid Services
7500 Security Boulevard

Baltimore, MI} 21244

Dear Dr. Phurrough,

We comprise the Stanford University sleep medicine physicians providing patient care at the
Stanford Sleep Disorders Clinic 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 Medicare/Medicaid 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 of policy 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 of more appropriate guidelines, as we learn more about OSA and its
health consequences.

It is true that health consequences of OSA are serious, have a significant impact on patients’
lives, and resuit in increased health-care costs'>. 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 years®. 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 of OSA largely stems from an improved
but still inadequate fund of knowledge of this condition among physicians and other health
practitioners. Finally, many inaceuracies 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-monitoring” 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 specificity®
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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 of what 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 advantages® - 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 longevity® and quality of life, but also to
reduce health care expenses’.

All of the above caveats to home monitoring for OSA notwithstanding, judicious use of home
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 of home monitoring devices suggest adequate positive predictive values to
warrant use in these unambiguous patients only if follow up PSG iy 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-channe¢l 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,

Qsl.e a0

Jed Black, M.D,

Christian Guilleminault, 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) Ihave 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. |
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.

What is hypopnea, anyway? Chest. 1994 Feb;105(2):426-8
2. Redline S, et.al.
Effects of varying approaches for identifying respiratory disturbances on sleep apnea
assessment.

Am J Respir Crit Care Med. 2000 Feb;161(2 Pt 1):369-74

3. Tang et.al



Identification of sleep-disordered breathing in children: variation with event
definition.
Sleep. 2002 Feb 1;25(1):72-9.

5. Redline S, et.al.
Effects of varying approaches for identifying respiratory disturbances on sleep apnea
assessment.

Am J Respir Crit Care Med. 2000 Feb;161(2 Pt 1):369-74

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, [ 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. [ 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.



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). 1
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



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



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.



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



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.
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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.



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.



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"



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
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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.



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

12



13

REFERENCES

1. Coleman RM, Roffward HP, Kennedy SJ, et al. Sleep-wake disorders based upon a
polysomnographic diagnosis: A national cooperative study. JAMA 247:887-1103, 1982.

2. Decker MJ, Smith BL, Strohl KP. Enter-Based vs. Patient-Based Diagnosis and Therapy of
Sleep-Related Respiratory Disorders and the Role of the Rspiratory Care Practitioner. Respiratory
Care 39: 390-400, 1994.

3. ASDA Standards of Practice. Portable Recording in the Assessment of Obstructive Sleep Apnea.
Sleep 17:378-392, 1994.

4. Chesson AL, Ferber RA, Fry JM, et al. The indications for polysomnography and related
problems. Sleep 20: 423-87, 1997.

5. Minkley P. Sleep Testing: Center and Home-Based. Respiratory Care 43: 296-306, 1998.

6. Mykytyn 1J, Sajkov D, Neill AM, McEvoy RD. Portable computerized polysomnography in
attended and unattended settings. Chest 115: 114-122, 1999.

7. Fry JM, DiPhillipo MA, Curran K, et al. Full polysomnography in the home. Sleep 21:635-642,
1998.

8. Quan SF, Howard BV, Iber C, et al. The Sleep Heart Health Study: design, rationale, and
methods. Sleep 1997 Dec;20(12):1077-85.

9. Redline S, Sanders MH, Lind BK, et al. Methods for obtaining and analyzing unattended
polysomnography data for a multicenter study. Sleep 21: 759-768, 1998.

10. Whitney CW, Gottlieb DJ, Redline S, et al.. Reliability of scoring respiratory disturbance indices

and sleep staging. Sleep 21: 749-758, 1998.



14

11. Bradley DT, Young T, Strohl KP. ATS/ASDA Statement on Health Outcomes
Research in Sleep Apnea. Am J Respir Crit Care Med and Sleep 157:335-341,
1998.

12. Millman RP, Neumeyer D, Kramer NR. Diagnostic Strategies. Sem Resp Crit Care
Med 19:133-138, 1998.

13. Strohl, KP, Redline S. Recognition of obstructive sleep apnea. Am J Respir Crit
Care Med, 154:279-289, 1996.

14. Redline S, Strohl KP. Recognition and consequences of obstructive sleep apnea
hypopnea syndrome. Clin Chest Med 19: 1-19, 1998.

15. Sox HC. The evaluation of diagnostic tests: principles, problems, and new
developments. Annu Rev Med 47:463-71, 1996.

16. American Thoracic Society Indications and standards for cardiopulmonary sleep
studies. Am Rev Respir Dis 139:559-568, 1989.

17. Strohl KP. Obstructive Sleep Apnea Syndrome. In Sleep Disorders for Primary Care.
Ed. Poceta S. Humana Press , Chapter 6:117-135, 1998.

18. Sox HC. Guidelines for medical practice: necessary but not sufficient. J Gen Intern
Med 4:551-2, 1989.

19. Strohl KP. Severity of illness and treatment thresholds: Managed-care strategies in
sleep medicine. Sleep and Breathing 3:31-33, 1999.

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. T'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/Imrp/Imrp 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

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

MICHAEL COPPOLA MD
PRESIDENT, SPRINGFIELD MEDICAL ASSQCIATES
MEDICAL DIRECTOR MERCY HOSPITAL SLEEP CENTER
ASSOCIATE CLINICAL PROFESSOR OF MEDICINE, TUFTS 1. 3CHOOL OF MEDICNE.
MEDICAL DIRECTOR SLEEF AVE LLC
2150 MAIN STREET

SPRINGFIELD, MA G1104
413-739-3676
May 20, 2604

re: NCA Tracking Sheet for Continucus Positive Airway Pressure {CPAP) Therapy for Obstructive Sleep Apnea
{OSA) (CAG-DO0I3R}

Dear Ms, Spencer and Dr. Sanders,

[ am writing to urge you to give positive consideration to Dr. Davidson's proposal
for CPAP coverage in patients who have had their need for CPAP documented in
sttuations other than an attended facility-based study.

In 1988, I began utilizing unattended four-channel recording to establish the
diagnosis of OSA for patients with a high pre-test probability of OSA. 1 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. !

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 siudy.
Group Health in Puget Sound (Seattie WA} bravely embraced our program and applied it
across a patient population in the thousands as the preferred methed for evaluating OSA
and initiating CPAP. Their 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 with
excellent patient outcomes. The success of positive pressure assist is not determined by
the type of test, which documents the OSA, 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.

' Coppola, M., Lawee, M. Management of Obstructive Sleep Apnea in the Home: The Role of
Portable Polysomnography. Chest, Vol 104, 18-25.1883.

! Fitznatrick MF, Alloway CE, Wakeford TM, MacLean AW, Munt PW, Day AG. Can patients with

2003 Mar 1;167(5).716-22.



I must ask, what would have happened to these patients who have had CPAP
success for years 1f 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 the 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. 1do
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 lobbied
for their own interests in the guise of providing the “gold standard” of carc. They have
never shown that PSG improves outcomes with CPAP. 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 financiai,
career 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 whe also have facility-based capacity and have three” boarded”
sleep phystcians 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 disease management depends heavily on care and education
with a de-emphasis on the diagnostic burden of polsommography. The facility-based PSG
requires a diagnostic burden completely out of proportion to the need given the safety of
the therapy.” 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 economics is done in portable scenarios. A
recent article glaringly pointed out the disparity between the US and the rest of the
world.! 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. 1am
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
weiivrespsectcd sleep researcher, recently pointed out in an editorial: “It’s all about
Access”.

3 Kassirer IP, Qur stubborn quest for diagnostic certainty. A cause of excessive testing. N Engl J Med. 1989
Mov2:321(18):1272-3,

* Flemons WW, Douglas NJ, Kuna ST, Rodenstein DO, Wheatley J. Access to diagnosis and treament of
patients with suspected sieep apnea. .Am J Respir Crit Care Med, 7004 Mar 13:169(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.




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



Arpia Heawruoany Lawrence M. Highy
President and
Chief Executive Officer

26226 Enterprise Court

{ake Forest, CA 92630-8300
Tel 949.639.4960

Fax 945587, 1850

May 7, 2004

Tiffany Sanders, M.D.

Mail Stop C1-09-06

Office of Clinical Services and Quality
Centers for Medicare and Medicaid Services
7500 Security Boulevard

Baltimore, Maryland 21244

Re: CAG-00093R: Continnous 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 Alrway
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-channel home sleep testing devices
as an alternative to facility-based polysomnography in the evaluation of obstructive 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 of CPAP 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
“ugeful assessment” for sleep apnea.'

. 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.

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

It 1s 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 fo 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 polysommnography.'= This is the case even when technologists
are sent to the home to assist the patient in setting up the testing equipment.’ In addition,
there is significant and avoidable morbidity and financial costs associated with the
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 unatiended 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.

# % ¥k %

! Golpe R, Jiminez A, Carpizo R, “Home Sleep Studies in the Assessment of Sleep/Hypopnea Syndrone
(Clinical Investigations).™ Chest, October 2002,

? Gagnadoux F, Pelletier-Fleury N, Philippe C, Rakotonanahary D, Fleury B. “Home Unattended vs.
Hospital Telemonitored Poly somnography6 in Suspected Obstructive Sleep Apnea Syndrome; A
Randomized Crossover Trial (Clinical Investigations).” Chest, March, 2002,

* Bar, A, Pillar, G, Dvir, 1, 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 CMS to move forward in providing Medicare beneficiaries with access to in-
home diagnostic testing for OSA. We believe that such 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 GSA
is in the best interests of patients 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, CMS, OCSQ
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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. pexer. v. - sieep20 (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
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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 problem'. Persons with this disorder usually
experience tiredness, fatigue, irritability and
difficulty concentrating®. 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 people’. 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 infarction®, as well as to stroke’. The
mortality among patients with severe untreated sleep
apnea has been significantly higher than in patients

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

OSA has been recognized as a clinical condition for
over 25 years', 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.
population’ (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
breathing'®, and among morbidly obese patients, the
incidents of OSA are at least 12 fold higher than in
the general population''.

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
undiagnosed'”. 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 (ECQ), 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 variability'®. 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 indices'®. 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 studies®®*'*.

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 (7) by including
the PAT signal, instead of the cumbersome airflow
and efforts measurements, and (i) 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
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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
1996'°. 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)'®. 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
1994'7 that unattended portable sleep recordings for
OSA assessment is an acceptable alternative to PSG
in the following situations:
e Patients with severe clinical symptoms
indicative of OSA, when initial treatment is
urgent, and standard PSG is not available.



e 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.

e 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 guidelines'® 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 apnea'”.

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
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The studies of Schnall et al*® and Lavie et al*' based
on 42 OSA suspected adults demonstrated that ()
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
(iif) 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 al** 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

Grote, Hedner et al**** 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 1is 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 al® 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.



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 AASM?, 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 costs’’. 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
subjects®.

A study by Bahamman et al”’ 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).
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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 Yale®® 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 system®'. 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 all*>. 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%.

Chervin et al** 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 al*’ 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 data®®.

Reporting on a study of 37 adults, randomly selected
from a population based cohort of 400 subjects, Grote
et al’’ 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



OSA (defined in the study as AHI>20) by the PAT
device were 92% and 70% respectively.

Another study by Pillar et al*®) 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 Pillar*® 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 events*, 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
established alternatives

in comparison to

Bar et al*! 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 al'” 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 al*? 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, (i7) quality-
of-life, as measured by Functional Outcomes of Sleep
Questionnaire, and (i) decrements in performance,
as measured by Psychomotor Vigilance Test.
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Pillar et al*® 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 (i) 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 al** 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 al*, 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 al* 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 al*’ 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 al**, 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



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
oxygen saturation and heart rate.

3. Detection of sleep/wake states.

of arterial

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
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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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KEYWORDS Aim The aim of this long-term prospective study was ta evaluate the effect of treating
Obistructive steep apnoes; obstructive sleep apnoea (05A} on the rate of cardiovascular events in coronary artery
Coronary artery disedsc disease (CAD),

Methods and results We prospectively studied 54 patients (mean age 57.3£10.1
years) with both CAD (70X coraonary artery steposis) and OSA (apnoea—hypopnoea
index >15). in 25 patients, OSA was treated with continuous positive airway pressure
(n = 21} or upper airway surgery (n = 4); the remaining 29 patients declined treat-
ment for their 05A. The median follow-up was 86.5 & 39 months, The two groups were
similar at baseline in age, body mass index, smoking history, hypertension, hyper-
cholesterclaemia, diabetes mellitus, number of diseased vessels, left ventricular
ejection fraction, and CAD therapy. Treatment of risk factors other than QSA was
similar in the two groups. The endpofint (a composite of cardiovascular death, acute
coronary syndrome, hospitalisation for heart failure, or need for corenary revascu-
larisation) was reached in 6 (6/25, 24%) and 17 (17/29, 58%) patients with and without
OSA treatment, respectively (P < 0.01). 05A treatment significantly reduced the risk
of occurrence of the composite endpoint (hazard ratio 0.24; 95% confidence tnterval,
0.09—0.62; p < 0.01) and of each of its components.

Conclusions Our data indicate that the treatment of QSA fn CAD patients is asscciated
with a decrease in the occurrence of new cardiovascular events, and an increase in
the time t0 such events.

© 2004 The European Society of Cardiology. Published by Elsevier Ltd. All rights
reserved.
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Introduction

Obstructive sleep apnoea (O5A) is a common disorder
characterised by episodes of upper airway obstruction
during sleep that lead to repeated episodes of apnoea or
hypopnoea lasting 10 s or longer. A widely accepted
definition of O5A is an apnoea=hypopnoea index (AHI) of
15 or more, AHI being the mean number of episodes of
apnoea or hypopnoea per hour of sleep. In a prospective
population-based study, 9% and 4% of middle-aged men
and women, respectively, had an AH) greater than 15.!
Several studies have found far higher prevalences, as
much as 30—50%, in patients with systemic hypertension
or coronary artery disease (CAD).** The association of
0SA with CAD is not fully explained by known con-
founding factors such as obesity, age, and sax, and re-
search is producing a growing body of evidence
supporting a causal tink between OSA and cardiovascular
morbidity and mortality.

Treatment of OSA with nasal continuous positive air-
way pressure (nCPAP) has been shown to alleviate day-
time sleepiness, a frequent complaint of OSA patients,
and to improve quality of life. Some studles suggest that
nCPAP may reduce morbidity and mortality.*” In patients
free of hypertension or other cardiovascuiar disease at
the inittation of treatment for O5A, Peker et al.? recently
reported a significant decrease in the occurrence of
cardlovascular disease as compared te patients with
untreated OSA. In addition, a recent double-blind
randomised study found that dlurnal and nocturnal blood
pressures dropped by approximately 10 mmHg after 9
weeks of RCPAP.? This blood pressure-lowering effect
would be expected to significantly diminish CAD event
rates. However, the long-term effect of OSA treatment
on cardiovascuiar event rates in patients known to have
CAD at the time of O5A diagnosis has not been evaluated.

We therefors studied the impact af OSA treatment on
cardiovascular outcomes of patients with CAD. To this
end, we compared rates of new cardiovascular events
over a 5-year perlod in patients with treated versus un-
treated OSA,

Methods
Patients

Recruitment was prospective at our institution between Sep-
tember 1991 and June 1999. All patients admitted to the car-
diology department for a selectlve coronary angiogram and
found to have a stenasis of a majer coronafy artery of 70% or
more were considered for the study, Revascularisation was
performed by the attending cardiclogist, If deemed necessary.
The patfents were eligible for the study if they were subse-
quently referred to our institution’s sleep laborawory for evalu-
ation of symptoms consistent with OSA and an AHl of 15 or more
was found by overnight polysomnsgraphy, thus confirming the
diagnosis. Polysomnography (P5G) was performed when the pa-
tient was in a stable clinicat conditlon {at least 4 weeks after
corohary anpiography and haspitai discharge), Polysomnography
was recorded with either a 16-channel polygraph at a chart
speed of 15 mm/s (Reega 2000, Alvar, France) or a computerised

sleep recording system {Medate¢, Belgium). The recardings in-
cluded 2 two-channel electroencephalogram, electre-ocule-
gram, electrocardiogram, chin electromyogram, budy position,
chest and abdominal excursions, nasal and oral airfllow assessed
by thermocoupling or a nasal canpula, and oxyhaemoglobin
saturation (finger pulse mdmetry). Sleep stages were scored
manually. Apnoea was defingd as a cessation of oronasal airflow
lasting at least 10 s and hypopnoea as a raduction by at least 50X
in oronasal airflow, as compared to the previous perlad of nor-
mal breathing, lasting at least 10 5 and followed by & transient
EEG argusal, Electroencephalographic arousals were scored ac-
cording to standard criteria pubtished by the American Sleep
Disorder Association. The AM! was calculated as the mean
number of apnaea or hypophoea eplsndes per hour of sieep.

Risk factor definitions

"Hypertension” was defineq as current use of antihypertensive
medications and/or a3 recording during the hospital stay of a
systolic blood pressure (SBP) value 140 mmHg and/or a dfa-
stolic blood pressure (DBP) value 90 mmHg baing measured
with a standard sphygmomanometer on three different occa-
sions, with the subject In sypine position. Hypertension was
considered uncantrolled when SBF was 2140 mm Hg and fer DBP
290 mm He at the end of the study follow-up periad.

Hypercholesterolaemia was defined as current use of cho-
\esterol-lowering medications and/or a total chotesterol value
»5.2 mmal/t and/or an LDL-cholesterol value 3.4 mmol/tin a
plasma sample drawn after an overnight fast, Uncontrolled hy-
percholesterclaemia was deflned as B total cholesterof value
>5.2 mmol/\ and/or an LDL-cholesterol value >3.4 mmot/l at
the end of the study follow-up period.

Diabetes maliitus was defined as & need for fnwulin or oral
hypoglycaemic agents or as a fasting blood glucose concentra-
tion »7.0 mmol/l on two separate occasions.

Excess welght was defined as a body mass index {BMI) 225
but <30 and ¢besity as a BMI 330 kg/m?,

The sublects were classified as current smokers, former
smokers (defined as patients who stopped smoking at least 6
months before study inclusion), and nensmokers.

Treatment of OSA

All the patients wera offered treatment for their OSA. Either
Upper airway surgery or nCPAP was recommended, aceerding to
the severity of OSA and results of the otorhinelaryngolosic
evaluation. The patients wera divided Inte two groups based an
whether they accepted or refused treatment for their OSA. The
treated group comprised all the patients who Inftially accepted
treatment for OSA, including those who changed their mind later
on ang thase who recelved nCPAP but complied poorly with this
treatment modality. When nCPAP was recommended, titration
was performed in our sleep laboratory, according to our usual
manual standardised procedura, which includes nCPAP moni-
toring. Compliance with nCPAP was estimated based on the time
counter on the device and on dlinical effectiveness. The un-
treated droup was composed of the patients who refused
treatment for their OSA from the outset.

Follow-up

Follow-up started at the time of OSA diagnesis, Throughout
follow-up, data were gathered at &-month intervals, either
during visits to the cardiologist or by phone cails to the patient,
retatives, or general practitioner, The following information was

2003
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collected; cardiuvascular geath (i.e,, sudden cardiac death or
death due to myocardial infarction, unstable angina, heart
fallure, or cardiac arrhythmia), acute coronary syndreme (is-
chaemic symptoms and development of sbnormal Q waves op
the EKG, or EKG changes ndicating fschaemia or total creatine
kinase elevation to more than twice the upper Limit of normal),
hospitalisation for heart failure, and revascularisation proce-
dures, When a patient had more than one coronary event during
follow-up, only the first coronary event was used in the analysis,
Cardiovascular treatments were administered at the cardiolo.
gist's discretion. Endpoint classification was made without
knowledge of the OSA treatment group.

Statistical analysis

Continugus variables are presented &s mean &+ 5D ar median (first
quartile—third guartile). Groups were campared for continuous
variables using the Student’s ¢ test, or the Mann—Whitney non-
parametrie test when the frequency distribution was skewed.
Categorical variables were compared using ¥t statistles or the
Fisher exact test. Cardiovascular event-free survival curves
were calculated with the Kaplan—Meier method and compared
with the log-rank test. All tests were two-sided. Prognestic
factors asseciated with a P valus of less than 0.2 were then
Introduced in a Cox proporttonal hazards model with descending
stepwise pracedure, Major Interactions were exptored. Final P
values smaller than 0.05 were considered statistically signifi-
cant. All analyses were performed with Statview 4.5 software
(Abacus, Berkeley, Ca).

Results
Between September 1991 and June 1999, 54 patients

fulfilled our entry criteria and were included fn the
study. Among them, 25 accepted treatment for their

Table 1 Characteristics ak the time of O5A diagnosis

05A, either nCPAP (21 patients) or surgery (turbinectomy
in 4 patients, complemented by ethmoidectomy in 1
patient and septoplasty in ancther), and 29 refused
treatment. Reasons for refysal ware concern that nCPAP
would adversely affect quality of life and reluctance on
the part of the general practitioner.

Clinical characteristics and cardiovascular features at
the time of OSA diagnosis were similar in the two groups
(Table 1). All the patients but one were men. Most pa-
tients had cardiovascular risk factors and the praportions
of patients with a positive smoking history, hypertension,
diabetes mellitus, hypercholesterclaemia, or obesity
were similar in the two groups, as was the number of risk
factors per patient (Table 2). In both groups, most pa-
tients had experienced several cardiovascular events;
thus, 60% had a history of myocardial infarction and all
but one had undergone percutaneous transluminal coro-
naty angioplasty (PTCA) or corenary artery bypass graft
(CABG).The left ventricular ejection fraction (LVEF) at
baseline was near normal fn most, patients in bath groups,
being below 35% In only 3 OSA-treated patients (3/25,
12%) and 3 QSA-untreated patients (3/29, 10%). Median
time from the diagnesis of CAD to the diagnosis of OSA
was 16.0 months (range 6.25~53.75 months) in the 05A-
treated group and 19.0 months (range 10.75-133.75
months) in the OSA-untreated group (P>0.05). The me-
dian time between the last ceronary event and OSA di-
agnosis was 4 months (range 1.75—13.25 menths) and 6
months (rAnge 1-13 months), respectively, in the trea-
ted and untreated groups (P > 0.05). The percentage of
patients who uUnderwent coronary revascularisation at
this time did not differ significantly between the 2
groups, being 88% and B6% in the OSA-treated and un-

OSA-treated group, N =25

03A-untreated group, N =29

Age, year 52.7:410.1
Sex, M/F 2471
BMI, ka/m? 284142
No, of patients (%)
Treaiments
Platelet inhibitor 24 (96)
Beta-blocker 18 (72)
Seatin 11 (44)
ACE inhibitar 1 (44)
Calcium antagonists 8{32)
Patients with previous
Myocardial infarctlon 15 {40}
PTCA 20 (80)
CABG a¢32)
LV gjection fraction 57.54+14.7
Number of vessels with CAD
One B (32}
Two & {24)
Three 11 (44)

$7.0+£10.2
29/0
28.2+3.4

28 (96}
24 (82)
9 (31)
9 (31)
11 (37)

19 (65)
28 {96)
7 (249

54.6+ 44,1
11 (38)

10 (34)
8 (27

Plus/minus values are means 3 5D, There were na significant differences between the two groups for afy of the variables, Body mass index (BAY) s
the waight in kilograms divided by the squere of the height in meters. ACE, angiotersin-converting enzyme; CAD, coronary artery disease; PYCA,
percutaneous traniluminal coronery angioplasty; CABG, coronary artery by-pass graft; LV, left ventricle,
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Table 2 Risk factors at the time of 0SA diagnosis

0SA-treatad group,

DSA-untreated group,

N=15 N=129
No, of patients (%)
BMi >30 ka/m? 9 (36) % (31)
Current smoker 6 (24) 9 (31
Hypercholesterataemia 19 (76) 20 (68)
Diabetes meiljtus 4019 7(24)
Hypertension 10 (40) 15 (51}
Family history of CAD 13 {52) 16 (55)
Number of risk factors
One 7(28) 7 (24)
Two 10 {40) 14 (48)
Thres 28 Ipo
Four 1{12) 4 (14)

treated group, respectively. There was a nensignificant
trend toward a higher proportion of CABG in the 0SA-
untreated group (20% vs. 13.6X).

The severity of OSA at baseling was similar in the two
groups: mean AHl was 33.7:16.8 and 29.0+12.8
(P = 0.125), the lowest O, saturation was 82+8X% and
85 8%, and the percent of nocturnal sleep time spent
with an O saturation below 90% was 8.1 11.5% and
4,5 7.5% in the QSA-treated and O5A-untreated groups,
respectively. The oxygen desaturation (=4%) index did
not differ between the 2 groups, with a median of 10/h
(range 2.1—-21.0/h) versus 2.15/h (range 0.4—12.9/h) In
the OSA-treated and OSA-untreated groups, respectively,
However, there was a nonsignificant trend toward a
higher proportion of patients with severe 0SA (AHI >30)
in the OSA-treated group (52% vs. 44.8%),

Follow-up

The median duration of follow-up did not differ between
the OSA-treated and OSA-untreated groups (median
time: 86 months [range 62.75—96.00 months) and %0
months [range 49.50-99.75 months]), respectively
(p > 0.05). During follow-up, 3 patients who initially

used nCPAP stopped this treatment, 2 after 18 manths
and 1 after 5 years; these 3 patients were kept in the
OSA-treated group for the initial analysfs. In the re-
maining OSA-treated patients, nCPAP use was at least 3 h
per night with a mean time of 5.7 £1.5 h per night for
the entire group. The therapeutic effect of nCPAP was
assessed in 20 of the 21 patients treated with nCPAP, all
of whorm had a mean AHl <10, with a decrease from
33.7+16.8/h at baseline to 3.9+2.9/h. Of the 4 pa-
tients treated surgically, one had an AH) of 0 and 2 had
an AHI of 8; PSG could not be repeated in remaining
patient. Polysamnagraphy was not performed during
follow-up in the group In which OSA was not treated.

At the end of foilow-up, neither cardiavascular
treatments nor risk factar control differed significantly
between the two groups (Table 3}. As shown in Fig. 1, at
least one cardiovascutar event occurred during follow-up
in 6 (24X} O5A-treated patients and in 17 OSA-untreated
patients (58%) (P < 0.01). The first cardiovascular event
in the OSA-treated group was acute coronary syndrome in
5 patients and PTCA in 1 patient (for a positive stress test
without symptoms); the first event fn the OSA-untreated
group was cardiovascular death in 1 patient, hespital
admission for heart failure in 1 patfent, PTCA in 2

Table 3 Risk factors and cardiovascular treatments at the end of follow-up

D5A-treated group, N = 25

0SA-untreated group, N =29

BML, kg/m? 29.1£3.9 28.2+3.4
No. of patients (X)
BMI >25 kg/m? 21 {B3) 21 (T
Current smaker 4 (16) 6 (21}
Uncantralled hypercholesterclaemia 7 (28) 4 (14)
Uncontrolied hypertenston 2 (B) 5017)
Treatments
Platelet inhibitor 23 (92) 29 (10)
Beta-blocker 15 (60) 19 (66)
Starin 17 (68) 21 (78)
ACE inhibiter 14 (56} 17 (59)
Calcium antagonists 10 {40) 13 {45)

Plus/minus vatucs are means £ 5D. There were no signtficant differeaces between the two groups for any of the variables, Body masa Index (BMI) 13
the weight in kilograms divided by the square of the height in meters. ACE, anglotensin-converting enzyme.
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Fig. 1 Kaptan—mpier analysls: event-free survival In the graups with
and without treatment for abglructive Slesp apned.

patients (for a positive stress test without symptoms},
and acute coronary syndrome in 13 patients. The 3 054-
treated patients {ages 41, 45, and 67 years) with none of
the Fsk factors listed in Table 2 remained event-free
during follow-up, whereas the only 0SA-untreated pa-
tient (age 63 years) with no risk factors experienced
unstable angina during foltow-up. All 3 cardiovascular
deaths observed during follow-up were in O5A-untreated
patients, 2 being preceded by a first coronary event.

The time from QSA diagnosis to the first event was
significantly longer in the OSA-treated group than In the
OSA-untreated group (median time: 26.5 months [range
17—31 months] vs. 13.0 months [4.75—24.75 months],
respectively, P < 0.05).

One of the patients who discantinued nCPAP after 18
months had a coronary event 13 months after stopping
treatment. The other 2 remained free from a new car-
dipvascular event. When these 3 patients were excluded
from the analysls, the difference between survival free
from new cardiovascular event remained significant
(P < 001},

We tested separately hypertension, cufrént smoking,
hypercholesterolaemia, diabetes mellitus, age >60
years, BMl >25 kg/m?, AHI 30, LVEF <45% as predictors
of coronary events. As the P-values were <0.2 for BMI,
hypertension, hypercholesterolaemia, age, AH), and 054A
treatment, we introduced them in a Cox medel in order
to adjust treatment effect on these prognostic factors. in
the final madel, only treatment for OSA had a significant
influence on the survival free of a new coronary event,
The risk for experiencing a cardiovascular event dunng
follow-up was significantly decreased in the 05A-treated
group as compared to the DSA-untreated group (hazard
ratio 0.24; 95% «confidence finterval, 0.09-0.62;
P < 0.01).

Discussion

The main finding of our study is that the treatment of
0SA in CAD patients was associated with a significant
decrease In cardiovascular events, defined as cardigvas-

cular death, acute coronary syndrome, hospitalisation
for heart failure, or need for coronary revascularisation.
In addition, the time to events was longer in the group of
patients who accepted OSA treatment. These data
strangly suggest that OSA has a deteterious effect on CAD
outcomes and that this effect can be abolished by spe-
cific treatment,

That OSA is associated with an increased risk of car-
diovascular events in CAD patients has been reported
previously. Mooe et al,'? ohserved a 62% relative increase
and a 10.1% absolute increase in a composite endpoint of
cardiovascilar events (death, cerebrovascular events,
and myocardial infarction) in patients with CAD and OSA
during a median follow-up of 5.% years. In a 5-year pro-
spective follow-up study, 05A independently predicted
cardiovascular mortality after an acute coronary syn-
drome and was associated with a 3-fold increase in the
risk of death after adjustment for other risk factors.
Simflarly, we found a 3-fold increase in cardiovascular
events in patients with untreated QSA as compared to
treated patients.

The worse cardiovascular outcomes in CAD patients
with OSA cannot be entirely explained by the effects of
risk factors associated with OSA, such as age and obesity.
Each apnoeic episode is associated with arterial oxygen
desaturation, which causes sympathetic system overac-
tivity that is responsible for tachycardia and transient
SBF elevation.'? Thus, large oscillations in systemic
blood pressure and episodes of hypoxia-reoxygenation
occur repeatedly throughout the night. The increase in
myocardial O; consumption due to tachycardia and SBP
elevation at a time when the Oy supply Is decreased can
be expected to be particularly deleterious in patients
with CAD. Indeed, nocturnal myocardial ischaemic
events commonly occur during the rebreathing phase in
apnoeic patients with CAD.'*' Sympathetic activity,
which remains increased during the day in OSA patients
as compared to nonapnoeic obese subjects of simtlar
age,"2'% may contribute to the increased platelet acti-
vation and ageregation associated with OSA.'*-'? Treat-
ment with nCPAP reduces sympathetic activity,'*°
diminishes plateiet activation and aggregation, and de-
creases nocturnal ischaemic events,”

Repeated episodes of hypoxia-reoxygenation may alsc
result {n oxidative stress causing abnormal lipid peroxi-
dation.2' In patients with severe OSA, oxidation of low
density lipoprotein (LDL) particles normalises after
nCPAP treatment.?! Similarly, the increased production
of reactive oxygen species in neutrophils and monacytes
seen in OSA is normalised by nCPAP. 2 Altogether, these
data point to increased oxidative stress in OSA, which
may result in endothelial dysfunetion?* and enhanced
atherogenesis, but responds favourably te nCPAP,

Circulating levels of C-reactive protein, fibrinogen,
and IL-6 are elevated in apnoeic patients and decrease
significantly with effective nCPAP.2-2! plasma levels of
these markers for inflammation have been associated
with mortality in patients with CAD. In addition, the
expression of soluble adhesion molecules has also been
found to be increased in OSA patients with or without
CADP® and to be associated with an ingreased risk of
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myocardiat infarction in apparently healthy men, All
these data are consistent with the hypothesis that the
pathogenic effects of OSA may promote atherosclerasis
but may be reversed by effective treatment of the
breathing disorder.

However, direct demonstration of an independent
role of O5A 15 difficult because cardiovascutar risk factors
such as obesity are associated with OSA, Moreover, DSA
has been identified as an independent risk factor for the
development of hypertension®™» and is common in pa-
tients with uncontrolled hypertension, In addition, se-
vere DSA predicts peor bloog pressure control with
medications® and nCPAPF may significantly lower both
day-time and night-time blood pressure vaiues.’ Intef-
estingly, we found a trend toward better blood pressure
contral in OSA-treated patients, aithough this variable
was similar in the two groups at baseline. Therefore, we
cannot rule out the possibility that part of the reduction
in cardiovascular events with OSA treatment was related
1o Improved blood pressure control. Thig effect, together
with abolition of the negative intrathoracic pressure
swings that accompany apnoea, may have significantly
reduced left ventricular afterload and myocardial 0;
requirement.

The main limitations of this study are the absence of
randomisation and the small number of patients. How-
ever, using sham CPAF during the long perind needed to
allow assessment of clinical endpoints would be ethically
questionable, The two groups did not differ significantly
for known risk factors or treatment during follow-up,
except for OSA therapy, but we cannot exclude that
small differences failed to reach statistical significance
because of the small size of the papulation. Neverthe-
less, our findings are strengthened by the fact that each
component of the composite endpoint (cardiovascular
death, acute cofonary syndrome, hospitalisation for
heart failure, PTCA, and bypass surgery) was less com-
mon in the treated than in the untreated group,

This is the first study, to our knowledge, indicating &
beneficlal effect of OSA treatment on event-free survival
fn CAD patients. Although not randomised, our study
strongly supports the impertance of recognising and
treating OSA in this population.
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Controlled Trial of Continuous Positive Airway Pressure
in Obstructive Sleep Apnea and Heart Failure

Darren R. Mansfield, N. Claire Gollogly, David M. Kaye, Meroula Richardson, Peter Bergin,

and Matthew T. Naughton

Departments of Respiratory Medicine and Cardiology, Alfred Hospital, Monash University; and Baker Heart Research Institute,

Melbourne, Australia

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 3.7vs. 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
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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 (7 ) 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

Candidates Reviewed
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TABLE 1. BASELINE CHARACTERISTICS

Control Group ~ CPAP Group
(n 27) (n 28 p Value
Age, yr 575 1.6 572 1.7 NS
Sex, male:female 24:3 28:0
BMI, kg/m? 346 1.2 335 09 NS
LVEF, % 337 24 373 21 NS
Vo, peak, ml/kg/min 16.1 0.7 19.1 1.1 0.03
NYHA class 24 0.2 25 02 NS
Epworth Sleepiness Scale 9.2 09 10.7 0.7 NS
AHI, events/h 28.1 3.9 283 04 NS
Arousals, events/h 304 4.3 422 89 NS
Minimum overnight Spo, % 77.3 3.2 79.3 2.2 NS
TST oxygen saturation ~ 90%, % 55 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; Spo, oxygen saturation
(pulse oximetry); TST  total sleep time; UNE  overnight urine norepinephrine
excretion.

CPAP and 27 to the control group (Table 1 and Table El 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

156
i
[ I 1
Randomized Declined Consent Ineligible
55 14 87
[
I ]
CPAP Control LVEF > 55%
28 27 35

———

(—-——J—\

AHl <5 events/hr Figure 1. Fate of participating patients. Bold boxes

29 represent the patients who completed the study.

Completed Failed to complete Completed Failed to complete
19 9 21 6

Withdrew Withdrew

4 3
Unstable Unstable

3 3
Deceased

2

Central Apnea
14

Unstable
9
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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 Vo, 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
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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
LVEEF in the CPAP group compared with the control group
(50 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 aspontaneous improvementof LVEFof 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 (R* 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 Vo, 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

70 1 P=NS

| 4
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P<0.001
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| £

LVEF (%)

I t
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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

*
. X i
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| ‘ size of 0.31 for physical function, 0.62 for physical role,

Emotional Health
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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

0.01). Note also the calculated treatment effect

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, ip 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).

Mental

Emotional Function

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 Vo, peak, which would have limited the
magnitude of any further improvement. Our group mean base-
line Vo, 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 Vo, peak may simply have reflected
the inflexibility of Vo, 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 ReEsuLTs. 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 healthcare
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.ll The condition has been reported to im-
pact many areas of an individual’s life, including
self-perception of health.[?! 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-
pairment.[*4! Independent of other disorders, in-
somnia has been documented to impact negatively
on daily life and health-related quality of life (HR-
QoL).B!

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 tength of sleep rather than on HR-QOL.
Rombaut et al.,[’1in 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.ls] Kales et al.[”]
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

® Adls International Limited. All rights reserved.

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.[8] 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.[l Simon and VonKorffl10]
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 individuals 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

Pharmacoeconomics 1998 Dec: 14 (6)
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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 Survey,[!l] 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 Il 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:

e endocrine, nutritional, metabolic and immunity
circulatory system

respiratory system

musculoskeletal and connective tissue
genitourinary system

digestive system

© Adis International Limited. All rights reserved.

o brain, nervous system and sense organs
infectious and parasitic
e 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 Il 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 1. 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 24
Other 5.2

Pharmacoeconomics 1998 Dec: 14 (6)
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Table Il. SF-36 scores for respondents with no insomnia, level | insomnia, and level Il insomnia

Domain/summary

Mean score

no insomnia (n = 1867)

level | insomnia (n = 464)2

level I insomnia (n = 1116)°

Physical functioning 86.80 83.07° 79.04¢4
Role physical 82.94 81.11 65.63%°
Bodily pain 75.73 72.21f 60.93%°
General health 76.84 73.47° 62.20%@
Social functioning 88.83 88.39 70.58¢%¢
Vitality 64.30 64.43 44.64%2
Role emotional 88.25 86.13 67.09%°
Mental health 79.35 79.76 63.51%#
Physical component summary (PCS)  50.50 48.72° 46.31%¢
Mental component summary (MCS) 52.80 53.37 43.57%#
a Difficulty attaining or maintaining sleep.

b Level | insomnia resulting in daytime dysfunction.

¢ Significantly different from no insomnia, p < 0.001.

d Significantly different from level | insomnia, p < 0.01.

e Significantly different from level | insomnia, p < 0.001.

f  Significantly different from no insomnia, p < 0.01.

SF-36 = Medical Outcomes Study 36-Item Short Form (health survey).

missing value. Similarly, mean income, age and ed- Results

ucation values calculated from the remaining re-
spondents were substituted for these missing de-
mographic values. If either 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. 2 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.

@ Adis Infernational Limited. All rights reserved,

Demographics of Respondents

Actotal of 7500 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-
where.[12] 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 1I presents mean scores for all SF-36 do-
mains, the PCS and the MCS for respondents with
each level of insomnia. When comparing indivi-

Pharmacoeconomics 1998 Dec; 14 (6)
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Table 1ll. Standardised regression coefficients for SF-36 domains and variables (n = 3084)

Variables SF-36 domain
physical role bodily general social vitality role mental physical mental
functioning physical pain health functioning emotional health component component

summary summary
(PCS) (MCS)

R2 0.2097 0.1540 0.1874" 0.2221° 0.2121° 0.2406 0.1278" 0.2467 0.2085° 0.2356"

Demographics

Age? —0.2688" —0.1412 —0.0742 0.0050 —0.0002 0.0448™ -0.0236 0.0949 -0.1916" 0.1306"

Sext 0.0824" 0.0118 0.0118 -0.0381™" 0.0182 0.0627 0.0273 0.0394" 0.0201 0.0326

Marital status® 0.0125 -0.0064 -0.0224 0.0205 0.04941 —0.0092 0.0636" 0.0647" —0.0244 0.0623"

Raced 0.0214 0.0265 0.0042 0.0320™ 0.0550" -0.0121 0.0629° 0.0339™ —0.0005 0.0377"

Income? 0.1281" 0.1051" 0.0864" 0.0934" 0.0851" 0.1036" 0.04707 0.0748" 0.1169° 0.05611

Education? 0.0869" 0.0254 0.0683" 0.1064" 0.0345 0.0244 0.03941 0.0447" 0.0673" 0.0167

Survey type 0.0487% 0.1103° 0.1087" 0.0573" 0.0875 0.04261 0.0461" 0.0617" 0.0876" 0.0412™

Comorbid index categories®

Endocrine 0.0071 -0.0240 0.0020 -0.0682" —0.0084 -0.0069 -0.0121 -0.0105 -0.0250 -0.0062

Circulatory —0.0515% -0.0216 -0.0178 -0.1012 0.0115 -0.0153 0.0333 0.0404™ -0.0849" 0.04411

Respiratory -0.0370" —0.0402" -0.0173 -0.0629 —0.0150 —0.0283 —0.0250 0.0027 -0.0515t —0.0079

Musculoskeletal -0.1531" -0.1523" -0.2257" ~0.1156" —0.11717 -0.0783" —0.05097 -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" —0.0415F -0.0540 -0.0242

Brain —0.0605" —0.0849 -0.0701" —-0.1258" —0.1446" ~0.1186" —0.1148" -0.1570° —-0.05367 -0.1540

Infectious 0.0074 ~0.0554" -0.0147 —0.0493f —0.0474% —0.0194 -0.0096 —0.0103 —0.0236 -0.0238

Other -0.0467t —0.0444t -0.0157 -0.0570" -0.0284 —0.0290 0.0200 0.0016 -0.0664" 0.0084

Insomnia

Level I 0.0259 0.0288 -0.0162 -0.0161 0.0104 0.0148 -0.0126 —0.0031 0.0108 -0.0027

Level IIth —0.1385" -0.1874 —0.2386" -0.2853" -0.3197 —0.3820° —-0.2593" -0.3587" —0.1630 -0.3528"

a Continuous.

b 1=male; 0="female.

¢ 1=married; 0 = not married.

d 1 =Caucasian; 0 = non-Caucasian.

e For all categories, 1 = taking drug; 0 = not taking drug.

f 1 =has insomnia; 0 = has no insomnia.

g Difficulty attaining or maintaining sleep.

h Level | insomnia resulting in datime dysfunction.

SF-36 = Medical Outcomes Study 36-item Short Form (health survey); * p < 0.001; ** p < 0.05; T+ p < 0.01.
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duals with no insomnia and those with level II in-
somnia, individuals with level Il 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 individuals 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 IT 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 7 B No insomnia
W Level | insomnia®
60 - B Level Il insomnia®
) 50 -
c
3
c 40+
2
w
£ 30 4
G
R 504
10
0 b
Hospitalised ERvisit*  Physician visit*

Call to
physician* test™*

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 MCS. 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 Il 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

Laboratory Any

Any OTC
prescription** drug”®

Medical encounters

Fig. 1. Insomnia and medical care encounters. a = difficulty attaining or maintaining sleep; b = level | insomnia resulting in daytime
dysfunction; ER = emergency room; OTC = over-the counter; * = significant difference between no insomnia and level Il insomnia
only, p < 0.05; ** = significant difference between no insomnia and both level | and level Il insomnia, p < 0.05.

@ Adis International Limited. All rights reserved.
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Table IV. Standardised regression coefficients for medical encounters and variables (n = 3084)
Variables Medical encounter
hospitalised®  ER visit? physician visit*  physician call® laboratory test* any prescription® any OTC drug
taken?
Demographics
Ageb 0.0425 —-0.0567 0.0207 —0.0395 0.0844" 0.0346 -0.0785"
Sex® 0.0010 0.0493 -0.0820° -0.1032 -0.0622" -0.0533F -0.0773"
Marital status® 0.0605 -0.1470% 0.0004 0.0012 -0.0058 -0.0322 0.0436
Race® -0.0202 -0.0703 -0.0258 ~0.0479 ~0.0252 -0.0348 0.1051"
Income® ~0.1420% —-0.0586 -0.0190 0.0092 0.0136 0.0444 ~0.0258
Education® ~0.0055 -0.1024"T  -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 0.09107 0.0100 0.0342 0.0851" 0.1438" 0.0020
Circulatory 0.1932° 0.1364" 0.1225 0.0644% 0.1247 0.3216° -0.0092
Respiratory 0.0522 0.0811% 0.0370 0.0350 -0.0500" 0.1838" 0.0583"
Musculoskeletal 0.1623 0.1396" 0.1144 0.0505" 0.0786" 0.2035 —0.0004
Genitourinary -0.1840% -0.1442" -0.0081 0.0253 -0.0064 0.2383" 0.0654"
Digestive 0.0044 0.0541 0.0887" 0.0428 0.04687 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" 0.0515% 0.0917" 0.1743° 0.0159
Insomnia
Level 190 0.0031 0.0570 0.0178 0.0053 0.0269 0.0022 0.05591
Level 194 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.
¢ 1=male; 0=female.
d 1 =married; 0 = not married.
e 1= Caucasian; 0 = non-Caucasian.
f 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 | insomnia resulting in datime dysfunction.

ER = emergency room; OTC = over-the-counter; * p < 0.001; ** p < 0.01; + 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 Il insom-
nia and ER visits was greater than that for all com-

© Adis Infernational Limited. All rights reserved,

orbid categories, except musculoskeletal. Level II
insomnia was also associated with OTC 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

Pharmacoeconomics 1998 Dec; 14 (6)
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Table V goes as a landscape table here

© Adis International Limited. All rights reserved.

encounter had significantly (p < 0.05) lower HR-
QOL scores in all but 1 category (OTC, 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 IT insomnia.
This observation provided further supportto 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!

The hypothesis that insomniacs are greater users
of healthcare resources than noninsomniacs was
also confirmed. Level Il 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 of laboratory
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-

Pharmacoeconomics 1998 Dec; 14 (6)
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Table V. Mean SF-36 scores for respondents with and without medical encounters

Hospitalised ER visit Physician visit Physician call Laboratory test Any prescription Any OTC drug

yes no yes no yes no yes no yes no yes no yes no
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
RP 38.03 78.84 54.46° 79.20 68.81° 87.62 58.69° 81.78 66.64" 83.01 69.56 88.11 74.92" 78.99
BP 51.99° 71.26 54.48" .77 64.85° 77.38 59.17° 73.28 64.27° 73.91 65.40° 77.78 67.10° 73.02
GH 61.03 72.08 57.79° 72.68 67.79° 76.29 63.37° 73.58 67.07 7411 67.44° 71.77 69.53° 73.11
SF 59.00° 83.81 65.58" 84.18 78.87 87.70 7112 85.61 77.88° B5.41 79.08 87.97 80.95 84.07
VT 4719 58.35 46.15° 58.83 54.44° 62.17 50.06 59.85 54.10° 60.01 5473 62.43 55.48" 5964
RE 69.54" 81.45 66.50" 82.16 77.75 85.24 71.33 83.28 76.25 83.65 77.29' 85.90 79.19t 8227
MH 70.67% 74.35 65.30° 74.85 7263 76.20 69.00 75.48 72.84° 75.10 72.69° 76.54 7287 75.28
PCS 39.32° 49.30 42.94" 48.40 46.45 51.87 44.52° 49.99 45.89 50.50 46.59° 5217 48.14° 49.49
MCS 47.48f 49.90 44.85" 50.17 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-36 = Medical Outcomes Study 36-ltem Short Form (health survey); VT =
vitality; * p < 0.001; * p<0.01; + 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,
individuals 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
Rafacle 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-1V) (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-1V
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]

6 months to 5 years% [95% CI]

> 5 years% [95% CI]

Age groups

15-24 3.5[2.8-4.2]*
25-44 1.4 [1.1-1.7]
45-64 1.0 [0.7-1.3]
=65 0.8 [0.4-1.2]
Gender

Male 1.1 [0.9-1.3]
Female 1.9 [1.6-2.2]*

7.3[6.3-8.3] 5.3[4.4-62)
6.3 [5.6-7.0] 8.7[7.9-9.5]
6.6 [5.9-7.3] 13.3 [12.3-14.3]*
6.3[5.2-74] 17.0 [15.6-18.4]*
48 [4.3-5.3] 8.7 [8.0-9.4]
9.2 [7.6-8.8]* 13.1 [12.3-13.9]*

4 CI=confidence interval.
* P <0.05 with the lowest value in the same column.

3.1. DSM-1V 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); =265 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 History of sleep

disturbances% (1)

Past psychiatric history® No past

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 disorders® 6 months-5 years (n=305) 8.7 (26) 7.9 (24) 1.5 (5) 10.3 (32) 80.7 (247)
(n=2816) > 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(D) 13.4 (7) 65.6 (36)
(n=612) 6 months—5 years (n=215) 26.6 (57) 25.9 (56) 194 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=155) 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)

>5yrs. (n=179) 49.4 (39) 41.0 (32) 10.3 (8) 16.7 (13) 43.6 (34)
Generalized anxiety disorder <6 months (n=06) 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) 333 (1) 50.0 (1) 0 333 (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-1V sleep disorders® 6 months—5 years (n=48) 6.9 (3) 52 (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=285) 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) 5317 0.5(2) 7.1 (23) 86.9 (284)

> 5 years (n=0612) 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

4 This category includes Primary insomnia, Substance-induced Sleep Disorder (insomnia type) and Sleep Disorder due to a general medical con-

dition (insomnia type)

® This category includes: Dysomnia not otherwise specified, Breathing-related sleep disorder, Circadian rhythm sleep disorder, Narcolepsy,

Parasomnias

¢ A subject may have multiple past disorders.

* P<0.01.
** P<0.05.

those with a moderate insomnia and about 1.4 times
when the insomnia lasted for at least 12 months.
Insomnia lasting for more than five years with a current
mental disorder is more likely to be associated with a
past history of mental disorder. The results suggest that,
for these subjects, insomnia may have persisted after the
remission of the mental disorder. It may also indicate
that subjects with a chronic insomnia and a past history
of mental disorder are at risk of relapse for the mental
disorder. Furthermore, most of subjects with a current

mental disorder (insomnia related to another mental
disorder or a mental disorder diagnosis) do not take any
medication for the mental disorder (about 80%). A
consequence of this situation is the increased risk of
relapse when the disorder remits spontaneously and a
longer duration of the illness when not treated.

The results show insomnia and psychiatric disorders
interact in multiple ways. This is evidenced by the fact
that “pure” insomnia is infrequent: only 2.4% of our
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 inrrhome.

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 stronglinear 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 (7.
= 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 incorporated into a comfortable L ycra 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/m?;
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 laboratory, 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 seque nce 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
Apneal/Hypopnea ldentification

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 Il, 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 productmoment was used to
evaluate the relationship between the calculations of AHI between the two devices.
Agreement was assessed via the concordance correlation coefficient (?;), 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 relationships 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 inlab PSG and inlab 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 in 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 S;02: 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 (xSD) unless otherwise stated.

Characteristic Mean (SD)
Age (yr) 48.8 (14.2)
Weight (kg) 102.4 (19.1)
Height (cm) 178.3 (14.2)
BMI (kg/m2) 32.4 (5.6)
Neck size (cm) 41.4 (4.3)
ESS 13.4 (4.5)
Symptoms # of patients reporting
Loud snoring 9
Witnessed apneas 9
Non-refreshed sleep 9
Night time arousals 3

EDS 8
Morning headaches 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 Std. Error of P value

(minutes) Mean

TST PSG 362.4 13.55 0.097
LS-L 327.1 21.59

# of PSG 38.7 8.13 0.364
Awakenings LS-L 44 4 11.88

Stage 1+2 PSG 243.7 9.48 0.245
Sleep LS-L 2224 17.47

Stage 3+4 PSG 60.9 11.56 0.633
Sleep LS-L 64.9 12.26

REM PSG 62.6 7.06 0.157
Sleep 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 S,0; 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 3.0 325 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 81.5 485 25
4 7 167 24.5 97.9 353.0 222.5 775 53.0 55
5 183 246 55.0 94.0 3835 302.5 N/A  68.0 49
6 1 1 0.3 99.9 4135 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 3195 217.5 725 295 40
9 25 35 8.2 96.4 343.0 250.0 255 675 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 3624 243.7 60.9 62.6 38.7
SD 59.4 112.4 21.1 4.3 40.6 28.4 327 212 244
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
2 247 184 495 91.0 4505 338.0 470 655 18
3 39 194 31.5 89.3 365.0 233.0 1005 315 19
4 89 209 42.0 91.3 3105 177.0 95,5 38.0 43
5 101 289 53.4 90.4 2820 258.0 N/A  24.0 100
6 5 28 4.5 96.3 366.0 149.5 122.0 945 17
7 255 31 39.7 87.1 2045 182.5 21.5 0.5 125
8 99 77 24 1 95.4 268.0 169.5 435 550 39
9 36 50 10.1 93.6 368.5 239.5 54.0 75.0 38
10 45 51 12.3 93.2 3525 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 52.4 347 26.8 35.7
SE 27.2 33.1 5.4 0.9 21.6 17.5 11.6 8.9 1.9
LS-H
1 117 239 37.9 90.3 N/A N/A N/A N/A N/A
2 196 43 62.9 91.2 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
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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.
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Figure 2 - Regression analysis depicting relationship between PSG (lab) and LS
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Sleep in the Laboratory and Sleep at Home II: Comparisons of Middle-Aged

Insomnia Sufferers and Normal Sleepers

Jack D. Edinger,’ D. Michae! Glenn,2 Lori A. Bastian,' Gail R. Marsh,2 Dorothy Daile,2 T. Victor Hope,® Margaret Young,® Edmund Shaw,2 and George Meeks?
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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 Resulits: A series 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-

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 2 sleep 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

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.! 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.”-10 Furthermore, PPI may contribute to reduced productivity,
work-related accidents, chronic hypnotic dependence, substance
abuse, and increased health care costs/utilization.!!-!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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complaints and matched non-complaining normal sleepers.!6-24
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.” 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 novel laborato-
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.3

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 enroll 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
1o persons in the Duke University Center for the Study of Aging
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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 enrolled, 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 criteria’’ 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 sieep 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 unreported, 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-
teria’ for a current major psychiatric (Axis I) condition on the
basis of a Structured Clinical Interview for Psychiatric
Disorders;3 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-
ria% for another sleep disorder in addition to PPI whereas we
excluded normal sleepers who met SIS-D criteria’¢ 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 AHI’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
announcements/letters. 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
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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 center?-40 and elsewhere!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, 0z-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
her/his usual bedroom with her/his 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.3 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.** 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.!¢-2¢ The specific sleep
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parameters we chose to use included total sleep time (TST), sleep
efficiency
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 (WASO—all wake time after SOL
and before the final AM awakening), stage 1 time (STG1), 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.4¢ 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=1.00) and
Caucasians/Non-Caucasians (p=1.00) ratios. Results of a 2
(insomnia sufferer vs. normal sieeper) x 2 (genders) ANOVA
showed that the insomnia sufferers (M,g,=49.9 years), on aver-
age, were slightly, albeit significantly (F; 4=7.33, p=.009), older
than were the normal sleepers (M,,=46.5 years). A similar anal-
ysis showed that the normal sleepers (Megucaion=16.2 years) had
slightly, albeit significantly (F;¢=4.23, p=.04), more years of
education than did the insomnia sufferers (Megucaion=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
(x%=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 ()%3=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 Il—Edinger et al

4-“.


http:X23=0.81
http:F1,64=4.23
http:F1�64=7.33
http:report.46

w

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
Nt1-Nts2/3 Nt 1-Nts 2/3
4.7 (10.8) -21.7 (20.4)
15.0 (6.4) -14.5 (9.3)
-8.6 (11.4) 5.6 (14.3)
1.0 2.7) 0.7 (2.8)
1.2 (4.0) 7.1 (4.2)
7.8 (12.2) -5.8 (19.3)
-6.1(6.0) -10.3 (8.3)
1.9 (9.3) -12.7 (5.9)
8.0 (11.9) 8.8 (14.8)

Study Participants with a Bed Partner

Lab PSG Home PSG
Measure* Nt 1-Nts 2/3 Nt 1-Nts 2/3
TST -14.7 (10.7) -4.2 (18.2)
S2 Onset 14.2 (5.7) 6.3 (8.3)
WASO -6.2 (10.2) 4.5 (12.8)
SE % -1.0 (2.4) -3.0 (2.5)
Stage 1 0.2 (3.5) 2.9 (3.8)
Stage 2 -0.78 (10.8) -1.9 (17.1)
SWS -1.0 (5.3) 1.5 (7.4)
REM -13.1(8.2) -6.8 (5.2)
RLMA. 17.4 (10.6) -4.0 (13.2)
Normal Sleepers
TST -1.1(9.2) -13.4 (12.9)
S2 onset 5.3 (5.6) 5.8 (3.2)
WASO 2.5 (6.9) 1.2 (8.1)
SE % -1.1 (1.5) -0.8 (2.1)
Stage 1 -0.4 (3.5) -1.3(3.2)
Stage 2 -2.1 (8.0) -0.9 (9.2)
SwSs 0.5 (6.2) -5.4 (5.4)
REM 1.0 (5.1) -5.8 (5.9)
RLMA. 9.0 (5.7) 1.3 (9.6)

Insomnia Sufferers

-25.3 (8.9) -53.8 (12.5)
13.9 (5.5) 3.8 (3.1)
8.2 (6.7) 26.4 (7.9)
-4.4 (1.5) 7.7 (2.1)
0.7 (3.4) 1.7 (3.1)
3.2(7.7) -24.7 (8.9)
-17.3 (6.0) -16.4 (5.3)
-11.9 (5.0) -14.4 (5.7)
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
328=4.02, p=0.05) earlier in their homes (Mgp=10:50 PM) than
they were in the lab (My=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 (Mrsp=452.4 min., SD=58.0 min.) were significantly (F;,
66=0.13, p = 0.02) longer than those of the normal sleepers
(M1sp=427.3 min., SD=57.8 min.) and both groups had signifi-
cantly (F|32=5.34, p=0.02) longer TSPs in their homes
(Mrsp=444.5 min., SD=67.4 min.) than they did in the sleep lab
(Mrsp=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-Wilk tests* of nor-
mality and constructed frequency histograms with each measure
so that we could statistically as well as visually evaluate each dis-
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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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Figure 1—Differences between first nights and subsequent nights across participant types, recording sites, and PSG sequences.

HPSG 1Ist 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
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adjusted mean differences between initial and subsequent PSG
nights (i.e., First night valJue—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 (Fg gg=
4.20, p=0.003) and those who had routine home bed partners
(Fg304=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 (F;;=7.89, p=0.02)
and stage 2 sleep (F, ;)=5.59, p=0.04) among those without rou-
tine bed partners, and for the measures of sleep efficiency
(F,35=4.68, p=0.04) and REM latency (F,3=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 sieep 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 iab
than they did at home whereas the insomnia sufferers in this sub-
group showed a reverse of this trend across both measures. In
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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 (T'SPs) across settings. Also, we included a dichoto-
mous covariate (LPSG 1st = 0; HPSG 1st = 1) in our statistical
model 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 ANCOVASs 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 (Fs3;,=2.82,
p=0.005) interaction effect was obtained. Follow-up univariate
ANCOVA’s showed significant participant type x recording site
interactions for measures of total sleep time (F; 35=5.95, p=0.02),
WASO (F;30=6.62, p=0.01), and sleep efficiency (F;3=6.61,
p=0.01) 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
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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, 624 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 Kales’ 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.
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Oxford BioSignals Ltd

Magdalen Centre

Oxford Science Park

Oxford OX4 4GA

Centers for Medicare and Medicaid Services Telephone +44 (0) 1865 336170

7500 Security Blvd +44 (0) 1865 784840

Fax +44 (0) 1865 336180

Roqm C1-12-13 www oxford-biosignals.com

Mailstop C1-09-06

Baltimore, MD 21244

Attention: Ms Francina Spencer

05 May 2004

Dear Ms Spencer
CPAP Therapy for Obstructive Sleep Apnea, Project Number (CAG-0093R)

As part of the national Medicare and Medicaid coverage determination (60/17) 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 1), but more importantly allows the determination of wake and sleep times
enabling the precise calculation of a patient’s Apnea/Hypopnea 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 of sleep”. 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 final 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 of Oxford
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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 al. obtained 64 all-night sleep recording from 36
patients suffering from OSA (35 male, | 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 al. (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 1%, 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
(vet to be published) with 63 patients who provided 122 recordings, there were only 5
recordings lost as a result of problems with the EEG electrodes (i.e. 4% data loss).

References:
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Obstructive Sleep Apnoea (OSA): Comparison of Neural Network Analysis (NNA) to
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BioSomnia “A Revolution in Sleep Monitor’

Who needs BioSomnia? What is BioSomnia?
At any one time, some 10 per cent of the BioSommnia 1s the first portable sle
population suffer from a sleep disorder such  to automatically quantify patients
as obstructive sleep apnoea (OSA), and help evaluate treatment.

characterised by rﬁepeated microarousals This lightweight, battery-powe

throughout the night. :
processes a single channel of F

Insomnia, the western worlds most common  The system analyses the signal in real time, on

and costly sleep complaint, affects around half  a second by second basis, us’

of the adult population at some point in their ~Oxford BioSignals’ patente

life. Quality of sleep has an impact on quality network technology.

of life and sleep disturbance is now associated

with cardiovascular disease and stroke.

File Edit Yiew Help
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Sleep Statistics:

[C) Oxford BioSignals Ltd. 2003. |

Setup Wizard Download Results
Patient Name of Initials: |

’Petel Jones
e Lights OF Time ‘ e I Total Time Analysed 7hi Smin H Sleep Efficiency & 87.4%

) ; —_—— I Sleep Onset 23:28:02 1 Sleep Efficiency B 771%
3 Lights Off Date | 27 Jan 2003

- I Sleep Dffset 05:47:14 I Time in Deep Sleep Smin Ssec
Clinician |D: Lights On' Time } 06:17:38 _15leep Latency 19min 57sec @l Intermittent Time Awake 41min 18sec
. Clark T = | i i i

P Lights On'Date | 28Jan 2003 I Early Moming Awake | 30min 24sec | Total Number of Awakenings 42
Start of Study Time/Date: H Sleep Period Time Bhr18min | Average Awakening Time 53sec
| 21-05:32 | 27 Jan 2002 Edit Lights Off/0n I H Total Sleep Time Shr 31min _1 Total Number of Microarousals 225

Views User Marked Events | A Time Awake The3tmin | Micioarousals Index 56

End of Study Time/D ate:
| 06:24:28 | 2BJan 2003

Hours into Sleep Period 1 2 3 4 5 B iz 8 3 10 1 12

Aet b I Microarausals per Hour: I 1 32 4 23 | X l ES I S X

‘ Bt _| Aw. Duration of Microarousals per Hour (secs]: 3_ 21 | 91 x x x
Patient Notes:
Patient experiences excessive daytime sleepiness and partner complaing of heavy snoring. :_]
Age 53
BMI 34

Data Sowce:  F:\BioSomnia\Test Files\Unhealthy.obs Hardware Status: | Not Connected

BioSomnia software report highlighting a patient with a sl



The BioSomnia product family

Bio-Somnia
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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.

® FEasy to operate, unobtrusive overnight recording

® Instant results on download, no need for manual
scoring of EEG.

Results validated against
expert scoring.

Single patient-operated push
button to mark events.
Affordable system for lab
or home studies.
Wizard-driven
BioSomnia software
installed in host PC.
Can be used with
standard or

rechargeable
‘AA’ batteries.

o o

® BioSomnia Plus builds on the strength and reputation of BioSomnia.

® BioSommnia Plus adds a depth of Sleep Hypnogram for increased

Bio-Somnia

PLUS

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.
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BioSomnia and BioSomnia Plus Specifications

Functional
e 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
o Display
Two lines of twelve characters
» User Control
Single user push button control for event marking
o Electrode Impedance

Automatically monitored by BioSomnia device

Physical
¢ Dimensions

12omm long x 78mm wide x 37mm deep
o Weight
241g with batteries
Environmental
¢ Operating Temperature
+10°C to +40°C
Power Supply
o Battery Powered
Two ‘AA’ disposable or rechargeable cells

Results

¢ Display of Results
Automatically displayed

on host PC f”*’\ Ny
when connected to L
BioSomnia device Q

BioSomnia Plus with accessories and software

BioSomnia with accessories and software

BioSomnia Accessories
PC interface cable
Battery compartment tool

Monitor pouch and shoulder strap

BioSomnia Consumables
EEG Electrodes — Disposable (Pack of 10)
Batteries — Disposable (Pack of 2)

Oxford BioSignals Limited

Telephone: +44 (0)1865 336170

Fax: +44 (0)1865 336180

E-mail: enquiries@oxford-biosignals.com
Website: www.oxford-biosignals.com

Magdalen Centre Oxford Science Park, Oxford OX4 4GA UK
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ABSTRACT

PRESENTATION TO SLEEP CLINICS
PRESENTATION TO OTHER...
DIAGNOSIS

CONCLUSION

REFERENCES

Patients with OSAHS may present to a sleep clinic or to other specialists with symptoms that are not
immediately attributabls to the condition. The diagnostic methods available are reviewed.

Keywords: sleep apnoea hypopnoea syndrome; diagnosis, clinical presentation

Abbreviations: AHI, apnoea/bypopnoes index; EDS, excessive daytime sleepiness; ESS, Epworth
sleepiness scale; MSLT, multiple sleep latency test; MWT, maintenance of wakefulness lest; ODI, oxygen
desaturation index; OSAHS, obstructive sleep apnoea hypopnoea syndrome; PSG, polysomnography;
RIP, respiratory inductance 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; & 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 mare 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 complainis-not obviously related 1o a sleep problem-more than twice as often as
patients without OSAHS.2 The faillure to recognise the syndrome is in part due to Jack of training in sleep
madicine {a study of all UK medical schools showsd that students received a median of 5 minuies
teaching in all aspects of sleep medicine throughout their training4) and a generat lack of awareness.
Many of the symptoms are non-specific and have other possible causes.5 Failure to recognise OSAHS is
costly beth to the individual and to society; underdiagnosis is thought to cost the USA $3.4 hillion in
additional medical costs per year.6 To this figure must be added the cost of losses in productivity,
accidents, eic.7.8

Because OSAHS is so common, has considerable effects upon patients and their pariners, 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 dlinics and how they may present to other
specialisis with symptoms that are not immediately attributed to OSAHS,
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Patients are predominantly referred to & sleep clinic because they comiplain 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 habitual
snaring.2,14 Loud intrusive snoring affects bed partners, family, and even neighbours. Noise poliution and
its resulting social disability, relationship disharmony and threatened marriage break up11 s an important
reasan 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 cthers. Snoring is also the most frequent symptom of
QOSAHS, occurring in 70-95% of patients, 12 but because it is so common in the general population itis a
poor predictor of OSAHS. 13 However, the absence of snoring makes OSAHS unlikely; only 8% of patients
with OSAHS do not report snoring, 14 but it shouid be appreciated that a patient’s perception of hisfher
snoring may be inaccurate. Three quariers of patients whe 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 shoring, It
is common and a poor discriminator of the patient with OSAHS. 30-50% of the general population without
QOSAHS report moderate to severe sleapiness. 10,16 It is imporfant to differentiate true sleepiness (the
urge to sleep) from various forms of tiredness such as lethargy, malaise or axhaustion. 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 (ESS8).18 Drawbacks include
poor correlation with the severity of OSAHS and the disadvantages lhat accompany any self-evaluated
{ost such as misperception of sleep episodes and the possibility of cheating. The input of the partner is
vary useful. 18 The major advantages of the ESS are that it is simpie, 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 lalency 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 difficuity concentrating, poor memaory, cognitive performance and
persenality changes with irritability and mood swings.@ These prablems 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 parirer sbout 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 frained medical staff are poor at diagnosing respiraory events in patients with OSAHS
through clinical observation.24 Female patients with OSAHS are iess likely to report nocturnal
apnoeas25.26 and witnessed apnoesas may be reported in up to 6% of the normal non-apnoeic
population. 28 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 pariner. They
have to be differentiated from other causes of nocturnal breathlessness such as paroxysmal nocturnal
dysprioea in the patient with left ventricular failurg, nocturnal asthma, acute laryngeal stridor, or
Cheyne-Stokes respiration in patients with heart fallure. Episodes of breathlessness in these conditions
usually last longer andfor there s other evidence of the condition in question.
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The pathophysiological consequences of OSAHS can affect almaost every organ in the body and patients
can present to other medical specialties with symptoms related to, caused by, or exacerbated by
OSAHS.27 # 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 gven complete
resolufion of-these symptoms.28-30 Furthermore, treatment of some conditions such as hypothyroidism31
and acromeyaly32 may result in resolution of OSAHS. It is beyond the scape of this review to describe in
detait the presentation to various medical specialties but an overview is given in table 1.33,34

View this table:
[in this window]
fin 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 {SDB). 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 clirical
factors such as sleepiness and impairment of social or occupational functioning.

Box 1 American Sleep Disorders Association (ASDA) classification of OSAHS
a.. Sleepinass

a.. Mild: unwanted sleepiness or involuntary sieep episodes occur during aclivities that require littie
attention

b.. Moderate: unwanted sleepiness or involuntary sleep episodes occur during activities that require
some attention
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c.. Severe: unwanted sleepinass or involuntary sleep episodes occur during activities that require
aclive attention

b.. Sieep 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

¢.. Severa: »30 eventsthour of sleep

Clinical assessment

Clinical assessment alone is not sufficient {o 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 sympioms alone has sufficient discriminatory value to make
an accurate diagnosis. 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 reporling habitual loud snoring and frequent breathing pauses were
3-4 times more likely to have an apnoea/hypopnoea index {AHI} of >15 than those who did not have any of
these symplomis.37 These findings are in keaping with resulls from previous studies.13,14,36,38,35
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 aitway, Is more
imporiant. 40 Neck circumference has consistently been shown to be a strong predictor of O8AHS, 41,35
values of <37 cm and >48 om being associated with a low and high risk, respectively. Certain cranicfacial
abnormalities are associated with OSAHS. Tonslllar hypertrophy, retragnathia, micrognathia, and certain
facial configurations have been detecied by cephalometry, MRL or CT scans to be present in some
patients with OSAHS, 42 but are of litfle predictive value. However, some are polentially 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 fo try to improve the prediclive 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 svaluation. One author claimed that the number of polysomnographic investigations could be
reduced by nearly 40% using one such model.43 They are iow cost and can be performed in the clinic;
however, when tested prospectively, they have a high sensitivity (76-88%) 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 presentafion 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 o hospital with & trained technician present throughout the night. It is time
consuming, expensive, and the large variety of techniques, equipment, and diagnostic criteria used by
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different sieep cenfres make evaluation and comparison of PSG data difficuit. 45 Redline et al showed that
the respiratory disturbance index can vary 10-fold depending on the definitions of the respirafory variables
used for the diagnosis of OSAHS, This could lead to z 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 exiracted from PSG, is poorly correlated with
EDS, increases in normat people with age 47 and has not been shown 1o predict short or long term
morbidity or mortality. This leads some authors to question whether PSG can be regarded as a goid
standard and reference tool when evaluating alternative diagnostic tests 48,49

There are two different aspects to full PSG-monltoring 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 SDA 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 1o sleep disruption and daytime symploms. 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 oesophagsal
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
right variability in both respiratory and sleep parameters. Most airflow sensors defect 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 hypopnosas reliably, Furthermore, their accuracy varies greatly depending
on the position of the sensors, the sieep position of the patient, the presence of nasal obstruction, and the
make of the thermopelement used 56 For these reasons the ASDA Task Force does not recommend
thermoelements for the detection of obstructive respiratory events. 20 Despite this, they continue o be
used for flow detection in many commaercially available sleep diagnostic systems. Nasal pressure sensors
connected to the nose via nasal prongs are more accurate than thermoelements in detecting
nypopnoeas.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 greally increases the accuracy for quantifying hypopnoeas and detecting flow limitation.58,59
Mouth breathing can affect the measurement but pure mouth breathing is uncommon.60

Respiratory effort can be assessed in 2 number of different ways. Chest and abdomina wall motion can
be measured by strain gauges, pressure fransducers, or by measuring 1he 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
betwesn chest wall and abdominal wall motion; as the diaphragm descends the abdomen moves out but,
because of upper airway obsiruction, 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 properly calibrated, the sum of the fwa signals can provide an
astimate of tidal volume .61 However, calibration may be difficul to maintain throughout the night.62 RIP
allows an acceptable semi-guantitative 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

. Pages |
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Monitoring of sleep

Sleep quality and stage is monitored by slectroencephalography {EEG), electro-oculagraphy (EOG), chin
electromyography (EMG) and analysed by criteria agreed in the 19808.63 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 confirration 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
imporiant sympioms of obstructive sieep 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 symploms.48,64,65 Furthermore, there is poor reproducibility of the scoring of arcusals. 66
Douglas et alG7 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
apnoegas + hypopnoeas per fime asleep (AH1).

Despite its widespread use and many advocates, the evidence does not support the need for full PSG in

the routine diagnosis of OSAHS. One cther approach to the recording of sleep is wrist activity monitoring.
Although it is not recommended routinely in the diagnosis, it may be a usefu! 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 deteclors atore. 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 CPAF 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 withaut occupying a hospital sleep laboratory bed, providing
more representative data in a cost effective way .68 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 reguired.

Limited sleep studies usually quantify obstructive respiratory events without recording sieep. They typically
inciude the measurement of oronasal airflow, chest wall and abdominal effort, ECG and oxygen saturation
{SpO2). In addition, leg and eye movement, body position, and snoring may be recorded. 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 i respiratory events occur during
wakefulngss or sleep. Surrogates of slesp such as motion detectors?2 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 et al45 suggests that documentation of sleep does not
affect the final diagnosis. Generally, there is good correlation between the AHI obtained from Himited
channel devices and PS(G.74 The sensitivities and specificities of limited in-laboratory devices are 82-84%
and 82-100%, respectively. 75,76 A systematic review in 1997 concluded that full PSG may not be
necessary to diagnoze OSAHS and that limited in-laboratory cardiorespiratory studies in patients with a
clinical suspicion of OSAHS may suffice.77

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 1o the development of newer
non-invasive techniques to measure apnoeea or hypopnoea.

indirect measurement of peripheral vasoconstriction and transient tachycardia through a finger
plethysmograph,78 analysis of very low frequency componenis of heart rate variability, 78 and the
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measurement of the change of pulse fransit imeB0 during apnoeas have revealed promising results.
Furthermore, pulse transit time can be used to diffarentiate between obstructive and central events 81

Pulse oximetry

Transcutaneous nocturnal pulse oximelry is increasingly being used for initial screening for OSAHS as itis
inexpensive and can be simply applied and interpreted. 47 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 cardiovascuiar and respiratory conditions unrelated to
airway obstruction, resulling in false positive resuits. The paramaters reported vary widely but include total
number of desaturations, oxygen desaturation index {OD!), desaturations per hour, highest, lowest and
mean SpO2, and cumulative time SpO2 spent below 80%. A 4% desaturation is most commonly
considerad to be significant, but 3% and 5% desaturations are also used. As with the AM| criteria, there is
no consensus as to the ODI which represents a normal or abnormal result but commonly used thresholds
are QDI =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 o preserve memory, can significantly underestimate
oxygen dips.B2 Furthermore, it is important for there to be a visual print out of the oximeter trace; artefacts
are more easily seen and the paltern 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 sensitivities 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 patienis with OSAHS could be diagnosed with oximetry alone, but many of the patients
undiagnosed by oximelry had moderately severe OSAHS and benefited from treatment 87 Noclurnal
pulse oximetry performed prospectively in 275 patients suspected of OSAHS in the laboratary and
compared with full PSG reported sensifivities of 80%, 71% and 63% and specificities of 89%, 93% and
98% 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 noclurnal pulse oximefry,

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 QDI and high pretest ¢linical suspicion can be regarded as
sufficient to make a diagnosis of OSAHS. Patients with suspected OSAHS who have a negative pulse
oximeiry trace or have significant concurrent respiratory or cardiovascular disease need further
investigation.47 It may also be useful in excluding sleep apnoes In snorers with a low clinical suspicion for
OSAHS 87 The 4% dip rate has baen shown to be the best oximetry derived variable predicting
symptomatic benefit from CPAP.B8
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The history and examination ara 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 cardiovaseular, 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 P3G although close attention needs to be given to the parameters
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recarded and the instruments used. Full PSG remains useful in research and for occasional patients who
cannot be diagnosed using the simpler stralegies. The future lies in the development of less infrusive
sysiems to identify accuratsly those patients most likely to benefit from treatment.
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PACIFIC SLEEP MEDICINE SERVICES, INC.
LOS ANGELES CENTER

6333 Wilshire Boulevard, Suite #402, Los Angeles, California 90048
Phone: (323) 782-9894 Fax: (323) 782-0687
website: www,Sleepmedservices.com

05-03-2004

To: Centers of Medicare 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 [ 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 of view. 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,

i

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 Phurrcugh, MD, MPA

Director, Coverage and Analysis Group
Centers for Medicare and Medicaid Services
From: Board of Directors

New England Polysomnaographic Society
Re: Home Polysomnography Coverage
Dear Dr. Phurrough,

As providers of medical services in the field of sieep medicine, we are writing you this
jetter to voice our opposition to home polysomnography coverage. We had an
opportunity to read Dr. Davidson's position paper regarding the purported “benefiis” of
home sleep studies, and wholeheartedly disagree with many of his points. Dr. Davidson
states that not only is it an advantage o patients to have this study at home, hut thal 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.
Technalogists do not simpiy 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. Alsa crucial information is disseminated to the patient regarding not only the tast,
but also treatment. We have found that this opporturiity o educate the patient while in
the Jab greatly influences CPAP compliance. Unfortunately, patients who have been
noorly educated and have had minimal medical contact will be much less likely to use
CPAP treatment after their study. {Making this a complete waste of time and money)

While horne testing does monitor similar parameters, its reiiability must be questioned. A
trained polysomnographer in a lab setling has the ability fo determine i equipment is
matfunctioning or is giving accurate information. {A poorly placed or ioose sensor can
easily give the impression that a person has a sieep breathing disorder, and these
sensors frequently become displaced during the night) A iaboratory steep study 5 3
*contralled” environment that eliminates the possibility of misdiagnosis due to
environmenta! factars or patient behaviors,
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Dr. Davidson made a point suggests that "home sleep studies are sufficient for routine
sieep apnea/ 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-Stokes
breathing and obesity nypoventilation 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 praposition made us very concerned. This is
point 7€: “Multichannel home sleep diagnostic dispensing 2nd tilration 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”, Slegp is a very unique field
and sieep boarded physicians and polysomnographers are uniquely trained and
experienced to handie the task. if any physician is allowed o order and interpret this
data it will be a great disservice {0 the patient.

Surgeons may not offer CPAP as an option {o their patients, opting for surgical
intervention instead. {(Estimates show 50% of operations performed do not control SDB)
PCP's often still are unaware or less than knowledgeable about CPAP therapy.
Ultimately this will lead to unsuccessful treatments and outcomes for many patients.
Home titration (especially if considered with an auto-titrating machineg)} is in our opinion
irresponsible and ineffective.

Flease 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 rmuch for your
time. If you have any questions please feel free {0 email biund@crhe org.

Sincerely,
The Board of Directors

New England Polysomnographic Society
Ramon Paguette- President

Brett Lund- Vice President

Alycia Grego- Treasurer

Tain Boyle- Sesretary

Lisa Gaskin- Legistathee Chair

Chris CQark- Educational Chalr

Lorefta Wimarth- Board Member

Patrick Sorenson- Board Member

Tamymy Telu- Board Member

Aoa3
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SLEEP RESEARCH CENTER STANFORD UNIVERSITY
William C. Dement, M.ID., PhD., Director & School of Medicine
Department of Pevehintry
% } and Behavioral Sciences

May 8, 2004
VIA FACSIMILE: (410) 786-9286

Ms. Francina C. Spencer

Lead Analyst

Obstructive Sleep Apnea Coverage Determination
Coverage and Analysis Group

Office of Clinical Standards and Quality

Centers for Medicare and Medicsid 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-channe] home sleep testing and aute-CPAP
titration as an altemative to polysomnography (PSG).

1)

2)

3)

4)

Numerous scientifically sound studies reveal that 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 guality
of life is treatable. The term sleep disordered breathing (SDB) is now used
synonymously with the older term OSA. SDB can be identified in 4% of adult malﬁs
and 2% of adult females using an AHL > 15. H

SBD occurs in 80% of Medicare patients with congestive heart failure, and they
benefit substantially from CPAP therapy.

Medicare patients with SBD are under-diagnosed because they experience impaired
access o care.

Sleep medicine is not well integrated into medical practice, Medicare patients have
previously had fo rely on diagnostic polysomnographic testing that could only be
done in sleep laboratories. The capacity for performing polysomnography is limited,
and recent advances in technology now allow for the accurate diagnosis of routine
sleep apnea/SDB cases at home within a continuum of care,

Muiti-channel home sleep testing and auto-titration CPAP 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 equiprnent 45 PSG.
b} The outputs {rom PSG and multi-channel home sieep tests are very similar.
(Although sleep stages and efficiency are useful information, 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 performed in the privacy of the patient’s own home and bed
¢} Simplicity of testing, with wires and leads being less numerous than traditional
PSG and can be completed by an unattended patient.
d) Multi-channe] 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 (ENT) surgeons, and other healthcare
providers to rapidly and accurately diagnose and begin therapy, thus helping to
alleviate the enormous 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.

y yours,

William C. Dement, M.D., Ph.D.

Lowell W. and Josephine Q. Berry Professor of Psychiatry and Sleep Medicine in the
Department of Psychiany and Behavioral Sciences

Director, Sleep Disorders Clinic and Research Center

Stanford University
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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, MDD 21244-1850

Dear Dr. Phurrough:

We have been made aware of the recent request for modification of policy
CING017 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 of our
members work in the area of sleep apnea research and also practice
clinical sleep medicine. We disapprove of the suggested change of policy
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 of home portable monitoring without professional
attendance. High rates of diagnosis misclassifications and errors have
even been reported in one study evaluating the use of a limited-channel
home recording monitoring device. A state-ofvthe-art in-laboratory study
remains the best way to make a definitive 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

One Westbrook Corporate Center, Suite 920, Westchester, IL 60154
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of epidemiological studies and will miss a significant number of real sleep
apnea cases in clinical practice. 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 of a 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 publications
indicating that unattended home monitoring can replace attended
[aboratory 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 if need
be. Please do not hesitate to contact the Sleep Research Society if you
have any additional questions on our position.

Sincerely,

- ey

Emmanuel Mignot, M.D., Ph.D.
President, Sleep Research Society
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Director, Coverage and Analysis Group
Office of Clinical Standards and Quality
83-26-27

Centers for Medicare and Medicaid Services
7500 Security Boulevard

Baltimore MD 21244-1850

Re: NCA Tracking Sheet for Continuous Positive Airway Pressure {CPAP) Therapy
for Obstructive Sleep Apnea (OSA) (CAG-00093R)

Dear Dr. Phurrough:

The American Academy of Sleep Medicine would like to comment on the request for
modification of policy 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
factlity-based polysomnography (attended monitoring) 1n Medicare patients with
(suspected) obstructive sleep apnea for the purpose of prescribing CPAP.

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 exchude the diagnosis of sleep apnea prior to
nitiating CPAP or for the titration of CPAP in the treatment of sleep apnea. A
careful evidence-based analysis does not support the use of portable home monitoring
for this purpose. There also is no compelling evidence that the welfare of the patients
would be improved by encouraging the use of portable home monttoring to diagnose
sleep apnea by practitioners who have limited training in sleep rmedicine. To the
confrary, the Academy feels that extensive use of non-standardized techniques for
portable home monitoring, especially by practitioners with little ot no training in the
evaluation and treatment of sleep disorders, may increase the likelihood of maccurate
diagnosis and treatment, and may contribute to an escalation of unnecessary health
care costs. This increase in incorrect diagnosis would be expected to substantially
increase unnecessary prescription of CPAP.

The utility of unattended portable monitoring in the diagnosis of the sleep apnea
syndrome rests on more than the recording accuracy of a sommnographic device.
Historically, the field of Sleep Medicine has placed a high priority on the provision of

One Westbrook Corporale Center, Sulle 920, Westchester, IL 60154
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comprehensive clinical care to patients with sleep disorders. Specifically, the
standards for care emphasize that polysommographic 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 inclodes comprehensive clinical assessment,
accurate somnographic evaluation, appropriate diagnosis based on polysomnography
and consultation, sclection of appropriate treatment and demonstration that the chosen
therapy is effective. Each component has standardization and quality assurance
components to ensare optimal patient care. The demonstration of effective therapy is
most offen 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 guality for all or
some of the components. This commonly includes clinical reassessment when a
referring physician has not provided a_ comprehensive clintcal evaluation with respect
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 stmilarly degrading
the quality and efficiency of patient care. On the other hand, centralization of patient
management arguably creates obstacles (o access to care.

Before considering a change in CMS policy, three questions need to be carefully
addressed regarding the use of home portable monitoring in obstructive sleep apnea.
These questions will be discussed in the context of the request for modification of
policy CMI 60-17.

Do sleep centers meet the current needs for diagnosis and management of sleep
apnea?

Inadequate access to sleep laboratory diagnosis has recently been cited as a potential
rationale for the use of home portable polvsomnography (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 imtiation of appropriate therapy for sleep
apnea.

Currently, sleep laboratories in the United States are performung 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



approximately 1.8 mullion patients being seen and 980,000 polysommnographic studies
performed per vear in accredited facilities. Among the roultidizciplinary practitioners
seeing these sleep patients are 2,656 board-certified sleep specialists.  The number
and volume of unaccredited laboratories likely far exceeds that of accredited
laboratories. Integrating the aforementioned information results in a very conservative
estimated volume of polysommographies of 1.5 to 2 million per year, This 1s well
within the range of previous estimates.(3)

Though previous estimates of disease prevalence for sleep apnea would suggest that a
large proportion of patients were undiagnosed (4), it is not clear that there are
prohibitive delays to scheduling patients for necessary evalnation 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 luboratory diagnostic procedures.
Unfortimately, accurate assessments for these delays are not available on 2 national
basis. Nevertheless, 1t 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 1s usually stable for many years.(2) Sleep
laboratories should and do exercise the option o prioritize patients who have more
substantial and immediate risks so that performance of polysomnography is expedited
in such patients.

Is 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 2
standardized process and recommendations were based on levels of evidence. (6, 7)

Thus guideline paper on portable monitoring detailed the range of monitoring from
single parameters to multichanne! 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.,
unattended 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 published by a peer-reviewed journal. Additional articles included with the request
by Dr. Davidson are mnclude in a subsequent evidence-based review below.



Are there newer studies which would justify a change in the guideline
recommendations since its publication? A supplemental hiterature 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. Of these articles, 6 met the inclusion criteria for the
literature search described in the onigmal guideline paper, and were classified as
follows. Four of the 6 articles described studies using a Type 3 monitor (minimurm 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 of 7
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 of four studies of Level 1T evidence grade to the Type 3
menitor group discussed in the original paper does indicate that higher-level evidence
1s 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 I evidence grade) to the Type 2 and
Type 4 monitor groups discussed m the original paper, does not change the
conclusion that these type of monitors should not be used in an unattended setiing.
Thus, despite the addition of the studies derived this supplemental liferature review,
the original conclusion from the prior guideline paper is unchanged: 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 of poor correlations, error in diagnosis or adverse
events as a result of multichannel home sleep testing in these studies” is an inaccurate
representation of the published limitations of portable moniforing. In three
investigations, poor quality necessttated exclusion of 5 to 20% of polysomnographic
recordings performed in the home.(8-10) One study noted a four-fold higher rate of
failure m home vs laboratory polysomnography.(8) Disease misclassification rates
have recently been reported in up to 65% of patients with limited channel home
recordings. (11) The Academy is concemed that the literature review provided by Dr.
Davidson is cursory and overstated and provides no new information beyond already
published practice parameter papers.

It could be argued that in single research studies with very large coborts 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 of procedures
(15} that exceed the requirements of accredited sleep laboratories. These standards
are never duplicated for portable 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



in these studies. Such standards would likely exceed those currently in effect for full
laboratory polysomnography. The converse of standardization, 1.c., non-standardized
techniques and equipment, can result in serious errors in ascertainment. Varying the
criteria for the definition of respiratory events can result in differences in disease
prevalence ranging from 11% to 83% in the same population.(10)

Is it appropriate to have home portable monitoring ordered and performed by
surgeons, cardiologists, and primary care physicians {or dentists] as part of the
clinical evaluations of sleep apnea?

Obstructive sleep apnea is a syndrome that oftén presents with an array
neurocognitive, behavioral, and cardiovascular consequences. In many cases, the
presenting symptoms may be quite subtle. A correct decision for performing any
polysomnographic study is based on an appropriate clinical evaluation of patient
complaints and 1dentification of any altermative 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 determine 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. (CPAP therapy for an RDI of 9 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 determination of when to order a polysomnographic study and how to act
on the results is variably determined by type of traiming 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 commeon
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
format 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 polysomnographic
monitoring has been formalized by both the Canadian and American Thoracic
Societies as well as the American Academy of Sleep Medicine.(20-22)

Sleep Medicine is a specialty of medicine. 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



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 m
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 met the Academy’s standard for delivery of
safe and high quality care for sleep disorders patients. In contrast, purveyors of
ambulatory limited channel recordings are often poorly trained, unregulated 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 enforeed.
Thus, CMS’s current requirement that the diagnosis of sleep apnea be made in
laboratory-based facilities 1s both reasonable and prudent. Accepting the argument
made by Dr. Davidson that cardiologists and other practitioners (such as dentists)
untrained i Sleep Medicine are competent to interpret any level of sleep study, much
less unattended and often technically poor limited channel studies, would lead to poor
quality of care, over-utilization of resources and increase the probability of inaccurate
or missed diagnoses. Such a scenario would be analogous to an otolaryngologist
interpreting an echocardiogram to diagnose valvular heart disease. Hospital
credentialing committees would never approve such privileging and it 1s unreasonable
that CMS should consider acquiescing to it either.

The Academy appreciates the opportunity to provide you with these comments and
we look forward to meeting with you and vour 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,

Cem% 0
Conrad Tber, MD
President, American Academy of Sleep Medicine

CC:  Jesse Polansky, MD, MPH
Tiffany Sanders, MD
Francina Spencer
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_PRACTICE PARAMETERS

Practice Parameters for the Use of Portable Monitoring Devices in the Investigation

of Suspected Obstructive Sleep Apnea in Adults

A joint project sponsored by the American Academy of Sleep Medicine, the American Theracic Society, and the American College of Chest Physicians

Andrew L. Chesson, Jr, MDY, Richard B. Berry, MDZ; Allan Pack, MD, PhD?

ILouisiana State University Health Sciences Center — Shreveport, Shrevepors, Louisiana; *Malcom Randall VAMC/University of Florida, Gainesville,
Florida; 3Center for Sleep and Respiratory Neurobiology, University of Pennsylvania, Philadelphia, Pennsylvania

Background: A variety of devices are used io evaluale pafients with a
potential diagnosis of obstructive sleep apnea (OSA). A commitiee 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 poriable monitoring (PM) devices
were reviewed with regard to assessing the probahility of identifying an
apnea-hypopnea index (AHY) of greater or less than 15 in attended and
unattended settings. Type 2 (minimum of seven channels, including EEG,
EQG, chin EMG, ECG or heart rate, airflow, respiratary effor, oxygen sat-
uration), Type 3 {minimum of four channels, including ventilation or airflow
(at least two channels of respiratory movement, or respiratory movement
and airflow), heart rate or ECG and oxygen saturation) and Type 4 (most
monitors of this type measure a single parameter or two parameters )
devices were evaluated, and indaboratory, attended polysomnography
was used as a reference,

Specific recommendations:

(1) insufficient evidence is available fo recommend the use of Type 2 PM
devices in attendeq or unattended settings.

(2) Type 3 PM devices appear fo be capable of being used in an attend-
ed sefting 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 unattended 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
attended in-labaratory setting may be acceptable to both rule in and rule
out a diagnosis of OSA if certain limiations are in place. These limitations

include manually scoring the records, using the devices only in patients
withaut significant comorbid conditions, having an awareness that symp-
tomatic patients with a negative study should have a Type 1 study, and not
using these devices for iitrating posifive airway pressure or condusling
split-night studies.

(5) The use of Type 4 PM devices in aflended or unattended seftings 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 cther 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, obsiructive; sleep disarders, 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 aduits. A jaint
nroject sponsored by the American Academy of Sleep Medicine, the
American Thoracic Society, and the American College of Chest
Physicians. S FEP 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 gencrally considered equal with respect to their
impact on paticnts. Accurately counting these events and assessing their
impact on sleep, oxygen desaturation, and disruption of normal physiol-
ogy form the basis of diagnostic polysommography.

The standard approach to diagnosing OSA is in-laboratory, techni-
cian-attended, polysemnography. 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 portabie monitor-
g 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 nsc 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 Steep Disorders Association),’3 The Agency for Health Care
Research and Quality {AHRQ—formerly the Agency for Health Care
Policy and Research),® and ECRI (formerly the Emergency Care
Research Institute).s Although differences in analysis techniques and
classification of PM 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 polysemnography is limited or non-existent. There has
also been a continuing development of new technology. Because poli-
cies guiding the development of AASM practice parameters indicate that
all practice parameters are to be reviewed at Jeast 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 & review of the 1tersture that had been published sivoe the 19947 and
1997 prastice parsmeters™ were developed, the American Thoracic
Socisty (ATS) and the Amierican College of Chest Physicians {ACCP)
wore alao considering undertaking similar projects on this complex
msue. After discussion st an ACCP-hested conference on PM n
September 2002, the 3 groups joined forces in this process. Additional
groups that expressed a willingness to assist with input were the National
Asgsociation for the Medical Direotors of Respirntory Care and the
Agsiraiasian Sleep Association.

The ATR, the AASM, and the ACCP identified members of a Steering
Committes, Evidence Review Comumittes, and Guideline-Writing
Coramittes, The final products are 3 eoordinated publications: & review
paper,t this pragtice-parameters paper, and an executive sommary’ The
procedures and methods used in this project are outlined briefly io this
paper but are provided in moch greater dewil for the interested reader in
the companion review paper.  The demiled conflict of interest policy
adopted i discuaged in the seview paper, [1.0] Tt is noted that all three
members of the Guideline Wriring Committes are direciors of acadern-
fe sleep disorders cemters and are expericuced in the use of both
poiysomnography and varicus porteble monitoring devices in their clin-
ieal and/or research work, aithough none participate in industry spon-
sored research trizls on PM devices for (e diagnosis of apnea, or have
financial interests outlined in the review paper in the conllict of interest
exclusions.

This practice parameters paper is based entirely on the evidence pre-
sertod in the review paper and is neither 3 CONSEntus paper nor & state-
ment of acceptable clinical practice based on expert opinion. The Hmi-
tations on the strength of the recommendations are outlined in detail
balow,

METHODS

The compiling of evidence in the review paper® was collected by the
Research Triangle Institute {University of North Caroling} tnder con-
tract for thas profect and focused primarily on articles published since the
1997 AASM review2? A meta-analysis of resulbts was not used because
too muech haterogeneity existed between studies with respect to types of
signals measured, criteria vsed to define 2 breathing event, scoring of
signals from PM devices, and study guality. Once collected, the articles
wore rated using the method ef Sackett ot al® to establish their levels of
evidence, This method for rating the evidence of published studics
regarding diagnostic tests was used because it closety aligns with accepi-
ed methods used 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 are used to evaluate diagnostic tests; avoiding
seloction bias (by using 2 consecutively referred sample of patients),
blinding ingerpreters, and avoiding verification 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 aw the review paper,® which will be frequentty cited in this

Table 1-—FPortable Monltoring Devicos

Type of Portable Monitoring Device Parsmeters Measured

Typed

Cumprebensive Portable Polysomnography Minimum of 7 chanaels,
incinding electroencephalogram,
electroncsiogram, chin elecromyograny,
elastroeaniingram or heart rate, airflow,
respizatony efforl, and oxygen sturation

Type 3

Madified Poruble Sleep ApnasTesng Minimum of 4 channels monilored, including
vontiiation or 2iellow {at least 2 chanmels of
respivaiory movement. of respiralory
sesvarsient nd alzflow), heast mie or
elvenrpcadiopram, and onygen saturation

Typs 4
Contfiouous Risgle or Dual Bioparemeters  Onc of 2 chanaels, typically inchuding exveen

saturaticn of sirflow
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document through the use of numbers in square brackets, referring 10 a
specific seciion or sections of the review paper,

Based on data from the review paper, this paper identifies recom-
mended practice parameters for using PM to study adult patiemts with
suspected OSA. They define principles of practice that should meet the
needs of most patients in most simations. These practice parameters
should not, however, be considered inclusive of all proper methods of
care or exclusive of piher methods of care reasonably directed 1o obtain-
ing the same resulis nor of those that consider the particular needs of the
patient and available resources. The ultimate judgment, regarding the
propriety of any specitic care, must be made by the physician in light of
the individual cireumstances presented by the panient and the available
dizgpostic and ireatment options and resources, The AASM, the ATS,
and the ACCP expect these practice parameters to have a positive impact
on professional behavior, patent cutcomes, and possibly healthcare
costs. These practice parameters reflect the state of knowledge at publi-
cation and will be reviewed, updated, and revised ag aew infosmation
becornes available. It is hoped that these practive paramctors and the
future research secton will stimulate betier stndies 1o evaluate the role
of PM devices in the evaloation of OSA patients,

BACKGROUND

The authers of the review paper® selected 3 endpoints o be used in
their detailed review and snalysis of published data. They evaluared the
zbility of PM devices 1o reduce the proebability that a patient has an
sbnormal apnea-frypopnea dex {AHD (o rule ot the disordery,
increase the probability fhat a patient has an abnormal AHI (i rale in the
disorder}, and bolh reduce and increase the probability that g patient has
an abnommal AHT {io both nule out and wle in the disorden)

The authors also reviewed secondary endpoints, including the repro-
ductbility of PM results, the eosts and benefits of using of PM devices,
ihe failure rates of PM devices, pationt populations studied, and the gow-
eralizability of findings.

Four types of sleop-sindy montoring devices are referenced in the
seview paper and were defined as Type I--standard, in-laboratory, tech-
sician-attersded, overaight polysompography—and 3 types of PM
devices: Type 2-—comprehensive portable polvsomnography; Type 3—
modified portable sleep-apnez tosting; and Type 4—continuons single or
dual bioparameter recording {Table 1), Using the review-paper daia
anabysis (iypes of monitors, semsitivity, specificity, likelihood mties,
pretest and postiest probabitities, study biases, patents’ comorbid con~
ditions, nondiagnoestic resuits, etc.}, the authers of these practice param-
eters determined the utility of the devices to provide relisble disgnoses
for patients with OSA. Making #us determination was 2 mush more
complex task than simply evahuating a single endpeint; it reguired that
the data be compiled in & conywehensive manner to provide srswers o
practical diagnostic and trestment questiong that sre gencrated whern g
patient is referred to a steep laboratory. The authors developed the prac-
tice parameters after identifying the strengths, deficiencies, and reliabil-
ity or reproducibility of the devices, as provided in the review paper$

LIMITATIONS

In order to corrgeily apply these practics parameters i the sppropri-
ate clinical setting, the plrysician must be eognizant of both the limita-
tions of the data and of applications related fo patient care.

The assessment of the utility of PM devices is based on the AHI

The main method of comparison between PM devices and the gold
standard (polyeomnography) 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 more meaningful but was not generally possible from
the evidence. The current approach has Bmitations since onty minor dif-
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ferences between the AHI from a PM device and polysompdgraphy can

degrade sensitivity and specificity if the difference crosses an arbitrary
threshold. For example, an AHY of 12 on one test and 17 on anvther will
tzad to apparent disagresment if a threshold value of AHI of 18
episodesshour is used even though the difference is not clisically can-
meful. Patient outcomes may be a more mesmngful endpoint but would
need to be assessed in swudies of complete pathwayvs, Buch studics
would likely compare both the efficacy of diagnostic and treatment algo-
rithms hased on information from PM devices with sumilar algorithens
hased on polysommography. The outcomes would hkely depend on both
the accuracy of information obfained from the PM devices and the utili
ty of the asseciated algonthuns.

The use of in laboratory polysemnography as the gold standard has limi-
tations

The evidence-based ansbysnis used the AH! detonmined in the Jabore-
tory by polysomnography as the gold standard. However, it is possible
that some patients slept more ooy in the laboratory than at home (the
polysopmography AHI could undersstimats the typical seventy) orspent
more tfime in the supine position in the laboratory {the polysomnography
AHI could overestimate the fypical severnity).

These recommendations are based on the premise that polysomnogrie
phy iz availabie for patients. Previous AASM puidelings sddressed
some axamples of when poriable menitoring might be an acceptable
alternative 1n the absence of avadable polysompography 1 These
inctuded: {1} for paticnts with severe clinical syraptoms that are indica-
tive of OSA, and when nitation of treatment s urgent and standard
polysompography is not readily available; (2} for patients unable to be
studied in the sieep laboratary; {3} for follow-up studies where diagno-
sis has been estabhshed by siandard pelysomnagraphy snd therapy has
been rittated, and the mtent is 2 comparison fo evaluaie response
therapy. Nothing in the current teview papst has provided evidenoe-
based assgssment to formally change such recommendations, Clinical
judgment made by the physician in lHght of individual circamstances has
1o be applied to individual patients.

The use of PM devices is limited o the evaluation of O8A

The review and the data address only the evaluation of OSA; there-
fore, the compiled data are insufficient to recommend the use of PM
devices in evaluating patients with any disorders other than suspected
0O8A.

The use of PM devices doas not meet some Medicare qualification criteria

The review and the data were primarily refated to patients with an AHI
of at ieast 15 because the studies that were analyzed often did not include
patients with an AHI of less than 15, and the results may not be able to
be extrapolated to lower AHJ levels. This limitation may become pro-
gressively mopre relevant with the new Medicare guidelines, which sug-
gest that an indication Tor lreatment may be an AHT of greater than 8 plos

Table Z-—Levels of Recommendations

Term Defisition

Srundard Thiz [s a penaraily accepted patlent-care wrategy thai reflects 2 high degrea
of clinical cerialoty. The term srandard gonerally aplies the use of Level
T evidence, which directly nddresses e caleal Isue, or overwbelindag
Level I evidence.

This iz o patient-rore sieategy that reflects 3 moderais degree of olisical
cermaingy. The werm gwideline Imphies fie use of Level H evideavs orn

51 of Lovel T1T evid

This 5 5 patient 2y that s gnoartaa cinieal usa, The term
aption implies either inconclusive or conffiniing evidenye or confficting
expert opinien.

Guidaling

£

Option

Eddy I, o & manue
: the axplicis approach.

Reprinted with peamission Fom Anedean College of Phy
af for assessing heahh peaciioss and desl practice policls
Phifadeiphia: American College of Physiclans; 19932,

svmptoms. Recause Type 3 and Type 4 PM devices do not include elec-
troencephalography and, therefore, cannot reliably record or evaluate
sleep, the use of these devices does not meet the Medicare guidelines
fhat require at least 2 hours of documented sleep time.

Aspects of PM use may have limitations based on practical applications to
clinical use

The usual clinical application of polysomnography in the sleep labo-
ratory 1s $0 both role in and rule out a disgnosis of O3 A (by reporting the
AN The authors of the review paper performed scparste analyses of
the M devices with respect to their ability to rule out {low likelihood
ratio) [Table 2], rule in (high hkelihood ratio) [Table 3], and thes to both
risle out and rule in (both low and high likelihood ratio) {Table 4] a diag-
nosis of OSA. These practice parameters were developed using this pro-
cess frale out, rale in, or both} in order to follow the data analysis in the
review paper. However, fow sleep disorders centers would {or could
under insurance parameters) use & test fo rule ont a diagnasis of OSA.
and if the results of the first study 4id ot provide an answer, subse-
quently perform another fest on the same pationt to rule in 2 diagnosis of
{8A, or viee versa. In addifion, the literature review and analysis iden-
tfisd an appreciable number of pationts with ncither a positive nor a
negative result [Table 4], and inconsistencies were found in the results
of data from various PM devices in the same class.

Research stadies that havs evaluared the dlagnostic accurzey of PM
devices have wsed mulhple thresholds for dofining posttive and negative
results and assessing sensHivity and specificity. Although these results,
which supplied the data for e review-paper analysis, used a vanety of
definitions of O8A, they were “standardized™ to an AHI of 15 in order
1o allow a between-studies comparison of the data. Unformwnately many
studies have not suggested that the evaluated devices have 2 single cut-
off with both high sensitivity and specificity, which is a practical Timita-
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 Hkelihood ratic.

RECOMMENDATIONS

The following recommendations are caregorized based on classitica-
tion of evidence from the sccompanying review paper as adapted from
the supgestions of Ssckett® and a5 outlined in grester detall in the review
paper [2.3.] ~2.3.2] (Tabla 2}, Recommendations sre given as standards,
guidelines, and opticns as adepted from Eddy {Tabls 2).9

Type 2 PM Devices: Comprehensive Portable Pelysomnography

1. The clinical use of Type 2 PM devices in the aftended setting is
not recommended o evaluate patients with saspected OSAL
(Option)

2. The clinical use of Type 2 PM devices in the ynattended setting

is not recommended to evaluate patients with suspected OSA.
(Option)

Although Type 2 devices theoretically should most resemble in-fabo-
ratory polysomnography end be best for caleulating an AHI because they

Table 3w-Levels of Bvidence
Level of Evidence Study Design

i Blinded comparison, consecutive patients, reference standard
parfonned on all patenis

#i Biinded comparison, nenconseoutive patients, reference standard
performed on 21l padfents

H Eljnded comparison, consecutive patients, reference standard pot
nerfnunesd oo 1 patisns

W Beferencs standard not apphed biindly or independently

Adapted with permission from Sscken 1. Rules of evidence and clinical recommendations
for the menagromiont of petients. Can ) Cardio? 199394879 zpd [2.3.13,
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permit sleep scoring, relatively fow published smdies provide data and
address this use. Based on the small mumber of published studies, the
ahsence of sensitivity and specificiey data, and the low level of evidence,
insdequate dats are available to reconumnend the chinical use of Tyvpe 2
PM devices in the attended or snatiended setting. In addition, a high raie
of data loss in the unattended sefting s often reported. (413 417
4.1.3 4.2.3,432.1; Teble 2]. The sbsence of support for such usc and
the “option”™ guideline are based on insufficient data.

Type 3 PM Devices: Modified Portable Sleep Apriea Tastng

Recommendations concerning the use of Type 3 PM devices to reduce the
probability that a patient has an AHI less than 15 {ie, rule out a diagnasis
of OSA at alavel selected by the review-paper authors for thelr statistieat
cutoff; this is also ohe of the levels set by Medicare to reflect a leval of sig-
niflcance}

3. The use of some Type 3 FM devices fo an attended setting can
decrease the probability that the patient has an A greater than
15, (Standard)

Type 3 PM devices have potential viility and reascnable relisbility in
the attended setting among pationts who have a low pretest probability
of aving GOSA and in whom the study s being condueted to confinn that
impression. Use m this setting requires carsful patient selection by his-
tory and examination Andings fo first identify a reasonably low protest
probubility that OSA is present. [43.2.2; 4.1.11

4. The use of Type 3 PM devices in an unattended sefting is not rec-
ommended to decrease the probalility that the patlent hag sn
AHI greater than 15, (Guideline)

The clinical use of Type 3 PM devices is not recommended in the
evaluation of OSA in the unattended setting.  Although some higher
fevel gvidence (up to a Level T) is beginning to accumudate, 2 relatively
high percentage of fzlse negative resulis makes the rehability of these
devices for malong patient-care decinions below accopted standseds.
i4.1.1;43.22]

Recommendations concerning the use of Type 3 PM devices 1o increase
the probabifity that a patient has an AHI greater than 15 {le, rile In a dlag-
nosis of USA at a level selected by the review-paper authors for thelr sta-
fistical cutoff: this is also one of the lavels set by Medicaee 10 reflect s fevel
of significange)

increase the probability that a patient has an AHI greater than
18, (Standard}

5. Bome Type 3 PM devices ran be used in an aftended sefting to

Available studies wers of a higher quality and high fikelihoed ratios,
Some had a lower percentage of false positive results. [4.1.2; 4.3.2.31

smmended to increase the probahility that a patient has an AHI

greater than 15, (Guideline)

The data supporting the usefulness and wiliey of PM devices in the
unattended setting to increase the probability of the patient having a
diapgnosie of O8A is roo Hmited to support clinical tility and is associ-
ated with high false-negative and false-positive rates. [4.1.2; 43.2.3]

Recommendations concerndng the use of Type 3 PY devices to both
increase and decrease the likelihood that 2 patient has ¢ dingnosis of OSA
with a single threshold, which is the most practical citnleal use,

For practical use in a steep center, a device should be able to reliably
identify whether an AHT is less than or greater than a specific cutoff
peint, not simply determine ong or the other. That does not appear to be
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the case with the use of Type 3 PM devices in unatiended shrdies {Table
4, column 14]. In niost unattended studies, multiple cotoff levels and
carefuil screeming seem 10 be necessary for these devices to be used. The
dats from unatiended studies suggest that one would have to accept high
rates of paticnts with neither 5 positive nor a negative (heving a nondi-
agnestic} result, 1f PM dovices were 10 be used in this setting. In addi-
tiom, different AR lovels would be nesded 1o provide a reasonable seu-
sitivity and specificity.

7. The use of Type 3 P31 devices may be acceptable in an attended
in-labaratory setting fo both rule in and rule out a diagnosis of
O%A. Such s use, however, would reguire Hmifatlens, as notled
below. (Standard) 4.1.3; 4.3.2.4]

al In nearly all of the smudies providing evidence that Type 3 devices
could be used in an atiended in-loboratory setting, the results
were analyzed efther meosmalbly or using o combination of cuio-
matic and manual scoring.  Thus, careful review of raw dara
appears 1o be necessary.

Scoring of resulty should comply with the presented evidence, which
indicates the superiority of merusl scoring over automatic computer-
generated scoring.  For most of these devices, software that is currently
used clinically differs from the software used in the studies, a factor that
may need additiona] consideration. The use of time in bed rather than
sccurately seored fofal deep time already produces changes i sensitivi-
ty and specificity znd should not be compounded by use of automatad
scoring at this point. [1.1.3; Table 5; Appendix 4 — Table 1}

5 Bpe 3 PA devices shondd be used andy in a populetion simtlar fo
those that have baen studied—patienis may not have significant
comorbidities such ay chronic ebstructive pulmonary dizeass,
congestive heart faiture, etc.—and showld be used in a sieep~clin-
ic population (not applied as generalized screening).

Patients should be carefully screened prior to underpoing testing with
a Type 3 PM device 0 assess the pretest probability that they do o do
not have OSA. Clinically, this seroeming should be performed in a reli-
able manner by the laboratory that is doing the testing and would typi-
cally include an examination, & history, and information from a partner
questionnaire. Assessment of the patient’s pratest probability of having
OFA is sn important component of use in order fo mach the evidence,
as reported in the roview papar? |

The use of PM dovices bas heen considered here only with regard to
the asseesment of UBA and not 10 the ssssesment of other possible cone
ditions i which cortical srousals, or a1 assessment of actual disruptons
of sieep, may be an impartant pasrt of chindcal evaluation. The signifi-
cance of this likely refates to the type of event bemg evzluated, the type
of PM used, and has 1o be considered within the imstation of the out-
comes betng assesscd. [4.3.11

¢} Type 3 PM devices do not measure sleep. Additionally, the AHI
provided by Tope 3 PM devices tends to underestimate the
polvsomnogram-defined AHI because monitoring time vather than
tfotal sleep time is used In the denominator. [4.1.2.2; 4.3.1}

Under corrent Medicare guidelines, which reguire documceintation of 2
hours of sleep, the use of type 3 PR devices does not fit accepted
Medicare definitions, 20 important awareness for any physician using
PM devices. Use of monltoning fime rather than total sleep ime may
result in misclassification of patients with mild disease. [4.3] The impor-
tance of this consideration would depend on the sleep efficiency of the
patient during the thne studied and the seventy of OSA.

df Svmpromatic patients with @ nordiagnostic or negative Type 3 PM
stedy shouwld underge a definifive evaluation fo determine the
cause of their symptarms. [ a steep disorder remains part of the

Portsble Monitoring Praclice Paramaiers—Chesson et af


http:evaluat.ed
http:4.3.2.41

clindeal consideration, & full astended polysommogram (Tvpe
study} showld be vonducted

e} Parients with u diagrosiy of OSA based pn the resulls of a Tvpe 3
PM study need o subsequent polysommogram {Type | smudvi if
continuous positive girway pressure (CPAP) Yitration is needed,

Data on the vse of Type 3 PM devices for reliably fitrating CPAP are
zot available. The use of traditional polysomnography as 2 split study
has not been cempared to the use of Type 3 PM devices followed by
CPAP titration with a traditional potysomnogram, and, therefore, no data
are available regarding potential time or cost savings.

B The use of Type 3 PM devices s ol recommnended for split-night
studies because there is little or no eviderice 10 support suck on
approach. There is no data or such use of PMs.

gl The ability of Tvpe 3 PM devices io perform their identified func-
tiovn cowld be device specific, ond capabilities and Hmitations of
each device must be tuken into account by the interpreter of the
studlies. [4.3]

8. The use of Type 3 PM devices in an unattended setting is not rec-
smmended {0 rule in and rule out 3 diagnosis of OSA
{Guideline}

Studies of Yanited quality using different AHI levels, and a high rate
of patients with nondiagnostic studies {neither positive nor negative
results) B support for the vse of Type 3 PM devices. The studies that
evaluated the use of Type 3 PM devices in the unattended setting had
high sumbers of paticnts withoul a positive o5 negative result.

Type 4 PM Devices: Confiruous Single Or Bual Bioparameter Recording

Type 4 PM devices generally use oximetry and 8 second {airflow-
assessmnent; parameter, which varies bebween studies; depending upon
the type of airflow evaluaton, resulls among patients may also vary.
Due to the high variability between devices and methods-related resulis,
many of the results are device specific, and data across this group ag 4
whole are difficult to svaluare. 14.1,1,4,1.2; 4.1.3; 4.3,2: Tables 2, 3, aud
4]

Recommendations concerning the use of Type 4 PM devicss in the altend-
ed setting to increase, decrease, or both increase and decrease the prob-
ability of the patisnt having an AH! greater than 15.

9. The routine use of Type 4 PM devices with oximetry and at least
ene ather sirflow parameter in an attended setting is not recom-
mended to increase 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
davices in an aftended setting; howover, the fact that these studies show
a significanily higher percentege of false-positive resnlts is of concerr,
as are condlicting data, especiaily when coupled with issues concerning
utility. These studies used g variety of methods, inghading oximetry
alone, oximetry with airflow or pesal transducers, and other combina-
Hou such as heart rate o sporing. Among the higher-lovel studies, like-
Hhood ratios are variabic, as are higher numbers of false positives,
resulting in conflicting data. [4.1.2; 4.2.2.3]

16. The routine use of Tvpe 4 PM devices with oximetry and at least
one other airflow parameter in an attended seiting s not recom-
mended to decrease the probability that a patient has an AHY
greater than 15, (Optien)

Serious limitations, as noted in the review paper, suggest that the clin-

tcal use of Type 4 PM devices may not be sshisiactory for providing el
able patient care and for making treatement decisions. These limitations
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include a high rate of false-negative results in Level 1 and Level 7 smd-
ies, plus conflicting results from Level 1 studies. In addition, s high per-
centage of patients with neither positive nor negative results was seen
across studies that had muliiple levels of evidence [Table 4. Other cau-
tions are also noted: the studing that evaluated the nze of Type 4 PM
devices measured a varety of channels (1-3 variables), used inconsistent
criteria for determining desanirations and sampling rates, and employed
a varicty of gcoring methods (manual, computer generated, or both)
4.1.1:43.22]

11, The routine use of Type 4 PM devices with oxfmetry and at least
one other airflow parameter is not recommended in an altended

patient has an AHI greater than 15, {Option)

The studies that used Type 4 PM devices in an attempt to beth reduce
and increase the probability of a patient having a diagnosis of O8A used
multiple cutoffs to achieve better hikelihood ratios and had a high rate of
patients who did not have a diagsostic result. Both of these faciors defeat
the purpost of g screening test and result in a lack of adeguate data to
establish the vse of Type 4PM devices. In some studies in an attended
setting, eximetry alone seems o be able to reduce, but not reasonably
eliminate, the probability of the patient having an AHI of less than 15
even when the patlent obiains sufficient slecp, as soufirmed by other
measures, If cyclic desaturation is present, clear evidence of the fact may
be helptul but is not specific.

Moareover, Type 4 PM davices neither iensify apnea nor measure and
confirm sleep. Because oximerry identifies only sairation changes and
not apneas or hypopneas and does not document sieep, the use of Type
4 PM devices does not meet Medieald or Medicare criteria, particularly
when considering an exclosion of OSA. The shsence of significant
dessmration does not mean the absence of uppsr alrway resistance,
hypopneas, or even apneas. [4.1.3;4.3.2.4]

Recommendations concerning the use of Type 4 PM devices in the unat-
fended setting to increase, decrease, or both increase and decrease the
probability of & patient having an AH! grealer than 15.

12, The use of Type 4 PM deviees in the ypattended setting with
aximetry and one other airflow parameter is not recommended
for disgnosing OSA or confirming that 3 patient has am AHI
greater than or fess than 15, (Guideline}

Insufficient evidence is available to suggest such use, especially in
fight of 1 Level | study in which the diagnosis of OSA was not ade-
guately classified in 30% of patients. A subsiantizl number of the stud-
tes used different thresholds to try to achieve their dassifieation. In addi-
tion, most of the studies had substamial numbers of patients who were
not classified as being either positive or negative with respect to an AHI
greater than or lesg 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
ar oiinical use without available knowledge of the patieat’s sleep-
reluted history and complainis,

High and [ow pretest probability are important in assassing the effec-
tivensss of the devices. Few siudies were conducied in the general pop-
ulstion. Based upon available evidence, duta from the high-prohability
group for OSA {referrals to sleep centersy would not necessarily be gene
gralizable for screening purposes among the gereral populaiion.

14. The use of PM devices iy not recommended in patients with
comerbid conditions or secondary sleep complainis becanse
there is little evidence to support the use of PM devices in evaly.
ating these conditions or te dizgnose other sleep disorders.
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Most of the studies that have been evaluated in determining the evi-
dence for the use of PM devices excluded patients with comerbid con-
divions, resulting in a lack of datg in these conditions [4.2.4.2]. Instead,
these shudies focusad on patients with a high pretest probability of hav-
g O%5A and little or no comorbidity 15.1) In all of the recommenda-
iions, where the possible use of PM devices is appropriste, subjects with
gomorbid conditions such as chronic obsiructive pulmonary disease,
heart faiture, stroke, or sevete hypertension {which are comorbidities
that are frequently seen among paticnts in sloep clinigs) shauld be stud-
ied with Type 1, traditional polysomnegraphy rather then with PM
dovices. The review paper also raises concerns shout the lack of data
regarding the use of PM devices in women and ethaic groups other than
Whites.

15, Even when PM deviees are noted as being possibly oseful, the
generat use of all {ypes of devices across that category is not nec-
essarily recommended. The laboratory should confirm that the
commercial device selected in a category has specific studies dac-
wmenting its performance and that it conforms 1o the use char-
scteristics of that category as 4 whole.

A1l devices i a given catepory are not the seme. Many of the resulis
are probably device-type dependent. Any laboratory that uses s PM
device should confirm that quality scienufic smdies have been conduct-
ed for that device and that the imterpreting shysichan is famitiar with the
hmuations, exclusions, and weakneswes of the particular deviee and
interface components,

16. The review of raw data and the use of manual scoring for inter-
preting data from PM devices is recommended.

The interpreting physician must be able to agsess and review the raw
data peneraied by a PM device and must congider that data when ter-
preting the sleep study. Based on available evidencs, scoring should be
performed roarnuaily. The use of processed and compuies-scored data
has more errors and diagnostic problems.

17. Physicians with sleep fraining and familiarity with the devices
and their Ymitations should interpret stodies generated by PM
devices and should review the raw dala, as noted above. Trained
and qualified technicians should perform any technical scoring.

FUTURE REBEARCH

Peveloping & consensus on the best way to validaie the use of PM
devices is urgently necded. Based on the limitations defined carlier, we
need w0 moeve beyond asseszing validity based on sensifivity and speci-
ficity for whether the AHT is gbove or below 2 fixed threshold, particu-
tarly given the known night-to-night varisbility iv AHL The urgency
recognezes the fact that many OSA patients currently do not have access
to in-taboratory polysomnography.

The reviewers of the evidence on the use of FM devices outlined rec-
ommendations for future research [5.0-5.3.2]. They sddressed the lack
of studies concerning the use of PM devices in primary-care populations,
in patients with comorbid conditions such as heart faflure or chronic
ohstructive pulmonary disease, and in ethnic populations other than
Whites, and they highlighted the need for studies with sufficient num-
bers of women [5.1]. The reviewers also proposed key and important
features of future studies to ensure that data with a high avidence level
wold be obtained [3.21. The reader &5 referred to the review for the
sompiete discussion.® A few points that the gudeline-writing sommit-
tex felt were particularly imporiant are mentionad furthes

As is evident throughout thiz report, the major problem in this area is
fack of evidence. In general, studies inchude small sample sizes spd are
not particuiarly well designed. Other significant barriers to progress
exigt, First, there is no universally accopted platform for generating sim-
plified studizs in the diagnosts of O8A. This means thaf results ohtained
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“for a particular device are applicable oaly o that device snd cannot be

exirapolated o other devices, even to these in the same class. Because
devices have different performance characteristics, umping fogether
results fram devices of the same class can resuit in misleading conclu-
sions. BEven within a given device olass, {og, oximetry) results may be
affected by the data-processing method, including digital signal analysis,
sampling rate, and averaging tirse. If the use of PM devices is to devel-
op its full potential, consensus must be reached regarding the variables
that need to be regorded for simplified, general, respiratory-only, studies.

Several specific points that were raised by the evidence review com-
mittee for fulure dodies are as follows: Cenaindy pationts involved in
research projects that are attempting fo validate PM devices should also
have a reference study (usually stiended polysomnography). The urder
of the PM study and the roforense standard study should be randomly
assigned. The interpreter of each study should be blind to the resulis of
the corresponding study. Clesr descriptions of how breathing events are
defined and the oximeter sampling rate and averaging time should be
specified. Criteria for s positive result and a negative result should be
sclected before the study & conducted. 1deally the same cutoff should be
chosen to both diagnose and exclude & disgrosis of OSA, hereby avoid-
ing having large munbers of patienis with peither a positive nor a nega-
tive study, The review also addressed the confounding problem of night-
to-night variability; obviating this problem would optimally entail con-
ducting multiple wights of both the PM study and the reference study.

It addition to the above issues, the guideline-writing cormnittes also
felt that more data were defimitely needed concerning Type 2 devices.
As wechnelogy advances, the case and practicality of using Type 2
devices should imorease.  Use of these devices would also assist with
evatuating siecp quality as well as respiratory disturbances, Certainly
the use of Type 2 PM devices should have the potential to provide equive
alent data to that generated by iraditional polysomnography if the prob-
lem of data handling, analysis, and Toss can be solved.

As type 3 PM devices in the atiended setting were the only ¢lass that
could be recommended for routing use {with the limiations as listed in
mind), standardization of this type of device seems particularly impor-
tant. The unattended type 3 PM study is probably the most common use
of these devices in clinical practice especially in locales where
polyvsomnography 18 net available. Given the better evidence for use of
the devices in the attended sciting it 15 possible that different devives,
different sfudy designs, or different strategies for application of type 3
devices in the wnattended sctting could result in better evidence for their
use in this setting. Clearly, more studies in the unattended setfing are
needed.

The use of PM devices fo make a diagnosis of OSA wil! not neces-
sarily be of benefit unless timely treatment is available. On the basis of
the available svidence, type 3 PM devices could not be recommended
for cuher attended or unattended positive pressure tiration, However,
auio-titrating positve prossure devices have been shown o be effective
in the stionded sefiing 1o some CPAP naive patients J% 1 Ag these
devices usually monitor only airflow aad snoring there is no obvious rea-
son why type 3 PM doevices could not be successful for attended pressure
titration. Muote study of the use of these devices in this sefting sesms
warranted. For patients with limited access fo attended polysomnogra-
phy, a method 10 provide adeguate treatment as well as diagnosis is
necded.

At present there are slso no clear guidelines on the cxpertise physi-
clans reading PM devices should have, LimitzHions on reimbursement
of PM studies are undoubtedly driven in part by a reasomable concern
that there may be widespread use of these devices by physicians who
have little training in sleep medicine.

Finalty, the utility of diagnostic testing should always be assessed in
terms of freatment algorithms and final patient outcomes. For example,
if 3 PM study is conducted that results in a positive diagnosis of O8A
and is then followed by a raditional Type 1 study for the fitration of pos-
itive zirway pressure, the ofility of PM devices will be reduced If most
PM studiey are positive. Cost comparisons to an slternative, splie-night-
study format are needed o validate the assumption, espousad by soms,
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that the use of PM devices will result in cost savings. However, before
outeome studizs are inftizted, there is a need o more cleatly define the
goais of the studies and investigations, assessing the averall outcomes of
diagnosis and therapy, and cormparing resules from Type 1 studies to the
regults from moere simplified studies.
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May 5, 2004

Tiffany Sanders, MD

Centers for Medicare and Medicaid Services (CMS)
7500 Security Boulevard

Baltimore, MD 21244-1850

Dear Dr. Banders:

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-HNS/F) 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 vour final decision:

1)

2)

3

4

5)

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?

How will issues of inaccurate data-collection be addressed (e.g., inadequate
equipment maintenance or patient instruction, loss or malposition of sensors)?

If an initial home sleep test is unsuccessful, will the beneficiary be allowed to

have a PS(G?

We request that CMS clearly delineate the qualifications and/or 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.

We request that CMS clarify whether this test will or will not mnclude self-
titrating Continuocus Positive Airway Pressure (CPAP). This may be necessary
to eliminate potential confusion regarding Medicare coverage of this
technology.

2004 Foundation Annual Meeting & OTO EXPO: September 18-22, NMew York, NY, U5.A
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AAG-HNS/F 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 CEQ, AAQ-HNS/F
cc: Terence Davidson, MD
Physician Payment Policy Committee (3P)

Edward Weaver, MD, Chairman, Sleep Disorders Committee
Francina Spencer, CMS

.l
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May 6, 2004

Ms. Francina Spencer

CMS

7500 Security Blvd
Baltimore, MD 21244-1850

Dear Ms Spencer:;

Tt was a pleasure talking to you recently about the issue of home sleep studies. I will not
reiterate the issues that Dr. Davidson brought up in his proposal, with which I agree. |
presume that he has forwarded you the studies he’s referning to. [ 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
multispecialty group in Worcester MA. In our group the ordering of sleep studies 1s
limited to pulmonary, ENT and neurology physicians. I have seen an exponential rise in
the number of patients referred to me for evaluation of sleep apnea. This [ 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. Ibegan to think that there has
to be a more efficient way of diagnosing these patients than making them go to the
hospital overnight. Also in my experience the vast majority of patients | sent 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. [ 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 with it. Thus we transitioned
our patients 1o 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
casy to make in the majority of cases 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 of doing 4-5 hours or less of CPARP titration in the lab during a split
night - home study patients have the advantage of using an auto CPAP device at home
which they can use for several days to a week in order to get used (o the CPAP 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 of home studies in my own
practice a new {to me) technology has come along that I believe makes the home
diagnosis and treatment of OSA even more compelling. This is a device called a Watch-
PAT that measnres 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

1858 MiLL, StReeT M LEOMINSTER, MA 01453
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MalLing Anparss: 630 PuanTaTioN STrReeT ® WORGESTER, MA 01800

oV


http:www.fallon-clinic.com

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 CPAP 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. T am enclosing one recently published article and one
that has been accepted for publication in SLEEP (1,2) both of which 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 of the 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.c. number of respiratory events/ Total Sleep Time)

I think several points have to be made:

1. Ibelieve 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 CPAP 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 of tests 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 of polysomnography for diagnosis of OSA 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



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 studics
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-OSA related
sieep disorders.

7. As a practical matter we don’t have enough inpatient sleep lab beds to test the
4% of men and 2% of women 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.

Y ! iy,? /.
LN

Daniel M. Steigman M.D.
Daniel. Steigman@Fallon-Clinic.com
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Evaluation of a Portable Device Based
on Peripheral Arterial Tone for /
Unattended Home Sleep Studies* L

Amir Bar. MD; Giore Pillar. MD, DS¢; Itsik Duir, DS¢; Jucob Sheffy. PhD;

Hobert P Schaall, DSe: and Peretz Lavie, FhD

Backgrownd: f)iagnosi'\; of obstructive sleep apnea syndrome (OSAS} by ambulatory systems is a
growing practice in view of the large number of patients awailing correct dlagnﬂs;s. The
Watch  PATI00 (WP100) [Itamar Medieal; Caesarea, Isracl] is a poriable device based on the
peripheral arlerial tone (PAT) signal, and is designed for unattended home sleep studies.
Objectives: To evaluate the efficacy, relfiability, and reproducibility of the WPI00 device for the
diagnosis of OBAS as eompared o in-laborstory, standard pe]ysomngm;;hzc»base{} manual
scoring.

Design and methods: One hundred twe subiects {78 men; 69 patients with 08AS and 33 pormal
volunteers; mean = 3D age, 41.4 > 13.2 vears; body mass index, 268 = 3.3} underwent in-
lahoratory foll pelysomnography shnultaneously with WP recording. Fourteen subjects also
uaderwent two additional vaattiended home sleep studies with the WPI08 alone. The polysom-
nography recordings were blindly scored for appea/hypopnea according to the American
Academy of Sleep Medicine criteria (1999}, and the polvsommography respivatory disturbance
index (RDT) [PSG-RDT] was cabculated. The WPTG0 duta were analyzed automatically for the PAY
ED1 {FRDI} by a proprictary algorithm that was previously developed on an independent group
of subjects.

Results: Aevass a wide range of RDI levels, the PRDY was highly correlated with the PSG-RDI1
{r = (.88, p < 0.0001}, with an srea under the recoiver operating characteristic enrve of (6832 and
0.87 for t]"ireshﬁiric of 10 events per hour and 28 events per hour, lespec{wf‘i‘ The PRDI seores
were also hlghl} reproducible, dmwmﬂ‘ kigh correlation between home and in-Jaboratory sleep
stadies (r = 6.89, p < 0.001).

Conclusion: The WP100 may offer an accurate, robust, and reliable :nbulatory method for the
detection of 0SAS, with minimal patient discomfort. (CHEST 2003; 123:695.--703}

Key words: ambulutory; sutormutio analyss: obstructive deep apnea syadrome: peripheral arterial tone: rexpintory
distrbance index: sleep

Abbrevintions: ASDA = American Sleep Disorders Aswdiation: AUC = aiea undder the curvey BMI = body mass
index; ESS = Emwarth sleepiness senle: OSAS = chstractive sleep appes svadrome: PAT = ;ngz?hy{ﬁl arterial tone;
PRDI = peripheral arterial tone respivatory disturbance index: Pb(wii{)} = pulysomnography respiratory disturbance
imlex; KD = respiratory disturbance index; BOC = receiver pperting charactenstic: WEIO0 = Waich | PATION

bstructive sleep apnea ssndrome (O5AS) s con-

sidered to he a major public health problem.
The prevalence of OSAS is estimated af 2% and 4% for
adult women and men, respectively, most of whom are
undiymosed and untreated.! The in-luboratory sleep
stady using full palysommnography and the manual scoring
criteria st by the American Academy of Slesp Medicine
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Rappaport Faealty of Medicine, Techmion, Torael hutitute of
Technology, Hafa, Larael.
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f.‘.‘i‘:i&:.'i.
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is considered the “gold standard” for OSAS dispnasis®
The severity of the disorder is expressed as the respi-
ratory disturbance index (R, which is the number of
apneasthvpopnea events per hour of skeep. The bhigh
cost of in-daboratory, full-night polysomnography, to-
gether with long waiting lists for sleep studies_ have led
to the commonly nsed procedure of “split-might” for
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Seprember 23, 202
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patients with OSAS, as well as Lo the development of a
varety of mnbudatory sleep stody systerns 3

The earliest amblllgtan devices were based on
overnight pulse oximetry alone, an easy and simple
technology for diagnosing OSAS? However. it has
been shown that the pulse oximeter suffers from
limited accuracv® Portable fall polysomnography
and other multiple-channel ambulatory devices are
frequently complex and cambersome.”

The American Sleep Disorders Association {ASDA)
has classified sleep study svstems into four f,atege:}r:es
level 1, in-laboratory attended standard polysomnog-

raphys level 2, unattended home sleep study with
comprehensive portable devices Incorporating the
sarne channels as the m-laboratory standard poly-
sommography; Jevel 3. unattended devices, which
measure at least four cardiorespiratony parameters;
level 4. unattended devices recording one or two
parameters.®

The Watch  PATIO0 (WPI00) [Ttansr Medieal;
Caesarea, Israel] is a four-chanpel snattended am-
bulatory device (level 3} based on the peripheral
wrterial tone (PAT) ) signal with three additional chan-
nels: heart rate {derived from the PAT signall, pulse
oximetry. and actigraphy (hoth are embedded in the
devicel. The PAT signal measures the arterial pulsa-
tile vohune ch,maes of the {inger that are resulated
by the a- adru’iem‘ic innenation of the smooth wmus-
eles of the xa\,('u]atzzre of the finger. and thus reflects
svmpathetic nervous svstem activite? The WP100
indirectly detects gpm:ﬂhvpepm*a events by identi-
bing surges of syinpathetic activation associated with
the termination of these events, This information is
further combined with heart vate and pulse oximetry
data that ave analyzed by the automatic algorithm of
the system (which was developed on a prior group of
p&tientf;}. This detects respiratory events and cales-
lates the PAT RDI (PRI

The primary objective of this study was to evaluate
the efficacy of the device for z}mgnc;\mﬁ (OSAS, by
coraparing its results to simultaneous pnhsomnocrr.zw
phy recordings. Secondary objectives were to evalu-
ate the feasibility and reproducibilit of the WP100
in an inattended bome: setting,

MaATERIALS AND METHODS

Sturlyy Populotion

The study geovp comsisted of 64 cousective subjects relerred
ta the elirical sleep Inhoratory of the Techyion Sleep Medicine
Center (Hatl, Iiruel} with suspected OSAS. and 33 additonal
Bealthy scdidt vohmterss. without compluints of saoring or day-
[FHS \Er‘( piness. None of the %%il)‘qm i< haut Ine_vmu&i\ l_)T!‘%f,%f*}.‘l]{
& polvsemingraphic stude Sevenbreight suhjet‘is were MR,
and 24 were swomen. The mean & $13 age of the U RS RTEH

A4 2 132 vears. The men were slightly mcve nbese dhodv masy

656

index [BMI] of 275 £ 5.5 v 245 = 4.5) and had higher Epwarth
sleepiness seale (ESS] scores (8.7 2 58 v 702 57, rospec-
tivelvi [Table 11 Twenty percent of the subjects had hyperten-
sion, amnd 4% had coronary artery disace. The oxclusion criteria
for the study werr as follows permanent pacemaker, nonsineg
vardiue arshythmias, peripheral vaseulopathy or nevropathy, se-
vere hung disease. statug posthilaters] cerviead or thomwic svmpa-
thectomy, finger deformity that preefudes adequate senser apphi-
cation, vse of a-adrenergic receptor blockers 124.h washow
pertod required). and aleobol or drog abese during the last 3
vears. The study protocal was approved by the Ethics Commitiee
af the Rambuem Medical Center, and the subjects guve their
written informed consent prior to participation,

Sty Procedure

The study was a blinded study eomparing the antmsatically
seared WPI00 resalis {(PREI} (o the manuully seored pulysom-
nography RDE (PSG-RINY The WPI00 and pobsomnography
duta were recorded simultanenusly in @ Hme-ssnchronization
manner in the seep laboratary. A sobgroup of 14 patients from
the study cohort also oederwent treo additionad unattended home
sleep sendies with the WPHH) device only, The subjects were
selected for this subgronp based on their hame location, amb ok
mchuded those subjects within a 50-mile range of the sdeep
kaboratory. In the WPI00 hame shedies. the device was dedivered
te the patient’s heme. the patient sppled the devier, and
follrwing the evermght recnrding the device was retirned to the
sleep conter for antemstic analvsis. The requirements for WPHI0
data analysis are z personal computer and the proprietary PAT
solbaare, which van Be rum on Windows 88 operating svstem
{Microsoft; Redmond, WA} or higher.

The overnight sleep stadies were considersd aceeptable for
data wnalvsis if none of the following rejection criteria occurreds
b} polvomnographv-relted vejection (pobvomnography avtusl
seep tane <0 15 B technical fithire of synchronizing the poly-
sommography to the WPI0U, and poor xjualah ol polx SO
graphic recordmg) amd (2) WPHIGrelatest rejection {WPI0G
valid sleep time < 1.5 hl Padent demographic aad wedical
wormation, s well as the BSS quesfionnaire. were aciuired by
miterview prior # the deep stady,

Eequipnnent

WPIOD Detice: The WPIG wsed in the unsttended sleep
studies i comprised of a baberv-powered. foreunn-miounted
edsobe unit placed just above the wiist, and two finger-mounted
probes: pulse oximetry and PAT probe (Fig 1)

Forearm- Mounted Crnsole Unit: This anit provides the power
supply, first-level signad processing, signal conditioning and 18-
tering. data du;ni‘witjon and siorage Tanctions required for meon-
itoring the pulse oximetry and PAT signals. In addition, data from
an embedded sctigraph and heart rate derived from the PAT

Table 1—Study Group Mean Age, BMI, and Total ESS
Score by Cender®
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Oimeler sensor

Push buiton

Freere 1. The WPIG0 device worn on a foveann. The PAT
sensor and the bal-in pulse oximetry sensor are atfached o the
fingers. The acquived PAT and prise oxtineter data, as well as the
embedded actigraph data, are stored an a compact Hash disk inet
shownt The device s switched on by the indicated push button.

sinal are conthnously revorded. Al four shvuads me reenrded at
a sample rate of 100 By and stored an o vemovable {leh-dick
thronghomt the sty

Pulse Quimeter Prabe: A standard-type prlse oximeter probe
{Nonin OEM 2 eximetry wodule, 50001 Konin; Ells, Sweden?
is applieed to a finger in a conventional manser acoording i the
fnstructons of e wnofactarer

FAT Probe: The second finger probe measures the PAT of the
patient's fingertip. Prviows applications of this techiology have
been deseribed™ 2, however, i this study the method was
specitivalhy adnpted For ambndaton unattended use,

Essentially, the WP finger sensor applies o uniforsy pres-
sure {okl over the distal two thirds of the fiager, mchuding the
fingortip. Previons plethvsmognphic deviees that enveloped the
fingertip, such as vemims occlusion plethysmography collection
cuffs tended to be pushed off the Boger when preswized,
Hiowever the solit-thimble design of the PAT probe allows it 1o
actively clamyp itsell to the Bager while spplying & pressure feld
that facilitaies the unloading of arterial wall tension without
causing distal venous pooling and distension, thus avoiding the
induction of vepoarteriul-mediated vasoconstriction.

A transmizsion maode photoelectric plethvsmograph situated at
opposing lateral sides at about the middle of the Jistal phalaniis
wed to measwre the optical density chunges associnded with
pulsutile Blood volume ehmges of the finger. The proximal twe
thirds of the pressure field buffers the sensing reggion from
extrancous mad artifactod signals such as pertarhations in the
VERONE SYRTOT.

Fsobarie. Volume-Displacement FAT Probe Dedgn: A onique
featore of the PAT finger probe is #ts ability to generste its own
pressure field at a fed level of pressure irrespective of the size
of the finger* The pressure field is erented by the imsertion af a
tingev into the probe (Fig 2, fop. A} When the finger is inserted
intey the probe, s propastionate amount of air is shitted from the
ey comnpariment of the 1}?(3?);‘ o ity wuter eengarbeent.
snsing the protensioned suter rmembrune 1o e pushed off the
will of the imner shidl and thus apply pressore to the air within
e probe. The el properties of the alloon-Iile outer
memlrune e anch that over 3 wide FiRnge of volinnes i ereates
d etaisind pressare.

Ww CHES LI OFG

inne) Pt
NBNDrane

FAT Probe Presyare Volume characioristics

o6

m” " "’6l§..t

gw -

[+

2 ~—

o * _Uf

Ew finger.sizes.f... —
) ' y y )
0 4 8 12 16

Added Vohune com {finger vohame)

FIGURE & Topr, A The WP probe contuins wn inner and an
rater membrane on either sishe of o rigid plastic thimble. Before
insertion of the finger, approximutely 10 mb of ay i3 sitaated
between the tiner wemnbrane sod the plustie thimble. Since the
inmer membrane is not stretebed, the air s ab atmospheric

-essure. The outer membrang is fitted to the esternal wall of the
plastic thimble, amd s slightly stretched from its natural size. Top,
f: When the Binger s buerded into the probe, o proportionate
amount of air is shifted From the inner compartment of the probe
b s outer cormparlment, eausing the ;}!‘i‘.i‘iﬂ‘lﬁi{}ﬂﬁa suter men-
hrane o be ;?u.gheﬂ off the wall of the inser shell and to thus
gz}}g]}; pressuve to the air withie the gr{}?){a fnsertion tabs for
asding i the msertion of the finger and an sxternal probe cover
are not shuwre Bottosn: prossuse va added finger volime graph of
the PAT finger probe. It can be seen that bevand an added value
of :1];]3!0@11;%2&{}’ 7 ml, the i%})?]ii’f(i yrecsure vesains eonstant,
This constant pressure at variable volwne behavior is character-
istic of elastic ballonns,

The actual pressure that the probe menerates i response to
differing volume displacerments is shown in Figure 2. bottom, B,
This shows that the probe applies a common and constant level of
pressure over a broad range of Boger siver encounterad in as
wdadt popolation.

The phwsical basis for the ability of the probe to generate 2
fined pressore is deseribed b the Ty of Laplace, which relutes
the pressare within 2 distensible hollow ebject to the wall tengion
andd the rading such that the pressire is proportional 1o wall
tension divided by radies. In the case of elastie baltoows
general. ard in the specific case of the elastic vuter membrane of
the probe, wall sension vanies in direct proportion to radios, and
thus pressre remains oongtant over a larre cange of vohunes.

Sutomatic Alorither The nutomotie algomithu of the WP
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is based on the PAT signul amplitude. haart vate, and oxvpen
saturation, The steepfvake detection is hased o dati recorded by
the built-in pctigeaph.

Polysommography

Data Collection: Standard in-laboratery, overnight pohsem-
nography was perforned usng & compaterized polvsomnography
system (Embla: Flaga Medical; Bevijavik, loelond], with the
follows ing thannels; EEG (C3-A2 aneh O2-A1), c:]eczmm alogram
{right and Jefl), chin electromyograrm, artevial oxvgen saturation,
reesud-errnl airilow [theymistor), ECG, chest and abdominal wall
motion {pieze electrades). bilateral fibialis electromyagram, body
position, and auiliary channel with a gsynclironizing stgnal from
the WPI0U device.

Scaring: The }'X}ivmmn{wmpln recurdings were scored wmann-
adly for sleep stuges™ and respiratory events fnpnewhyvpopnes?
A(mrd;;&g te the American Academsy of Sleep Mediohoe riterin,
19902 An apnewhypopnea ovent was delined as an sirflow
smplitude reduction of > 5% from the baseline lasting st least
1 s or having a less significant reduction in the airflow
amplitude. Dot with the presence of arousal or ovvgen desatura-
tion of at Teast 3%. The PSG-RDI was calenlated as the aumber
of apneabypopnea events per houy of deep. The searer had no
aceess to the W00 data or resulls whale scoring the palvsor-
nogranhy data.

Statistieal Analysis
The carrelation bebweer the PRDE and PSG-RIDT was assessedd

using the Pearson corvehation coefficient and Bland- Altman plots
Recejvrr opervating charseteristie (ROCY analvals was carved ot

fo ewvduate the WPHOD diagnestic capabilin. A threshold of

120

100 -

80 -

60

PRDI

PRG-BIN > 10 was used as the ont-off puint for OSAS dimmo-
sisJ® wiwd PSG-RIN > 20 was defined as the commondy nsed
cut-off point for intended CPAP trestment 7 Based on these
threshold definitions, ROC eurves were desived, ardd areas undey
the curves {AUCs) were cadlowated.

RESULTS

O 102 in-laboratory studies, 3 studies were ve-
jected: 2 polysomnography studies had synchroniza-
tion failure and 1 study was rejected due to PAT
valid sleep time < 1.5 h. Thyee of the 28 at-home
PAT studies were originallv rejected due to technical
failure but were epeated &tl(fewful]m thus, the
at-home rejection rate was 3 of 31 studlies. None of
the participants requested to withdraw bom the
study due to discomtort or any other reason, and no
adverse or side effects were f@;ﬁ}m’t@d A wide range
of OSAS severities were represented in the study
gronp, with about equal nomber of subjects?-4 in
each of the following R categories: 0 to 10, 1] to
30, 31 to 50, and > 50 events per hour.

Figure 3 shows a scatter graph that demonstrates
the high and statistically significant correlation coef-
ficient between the PSG- RDI scores and the PRDI
scores {r = 088, p <0001, n=98). Figure 4
shows a Bland-Altman plot of the differences he-
tween the PSG-BDI and the PRDI volues vs the

=088

T T ¥ i

60 80 100 120

PSG-RDI

Fraugk 3. Seatter plit of PROT (v axis; vs stamdard PSG-RDE (v mids). & very high and statisticallv

significant corselation {r = 08y p <7 00001
algorithiond and the PSC-RIDT Domrmad scoriug )

698

n = W was Jonnd between the PRDI by sutomativ

Chimcal Investioations



]

s . '
o0 30 .
n. * S ¥
g =i .
0 [ ] »
Q | o * s
g 10 ‘s. .’0‘& .
§ 0- '..0 L o hd T '
@ fe"'g”m.' 40 60 100 120
5 40 ,
E
) 20 »

30 4

49 - Mean (PSG-RDI, PRDI}

Frouse 4. Bhand-Alman plat {n = 09}, ,s]mwin% differences between PSC-RDE and PRIM (v axis) we

the eorresponding average vadues of the fwo !

wes (X axis) Across 4 wide wange-of OSAS severitivs

IR levels], there was a gond agrevinent between PRI andd the PSSR

corresponding averages of the two RDI indexes.
There was a slight teﬁtiem\ for the PAT to under-
scare events in the mild range of OSAS, and to
averscore events in the severe mnge,

As can be seen in Figures 5, 6, th@ WPHH} results

in the sleep laboratory studies were highly reproduc-

ible in the home sleep studies (- = 0. %‘9 p < 0.001,

n = 14} with high correlation coefficient between
the two home sleep studies (r = 094, p < 0.001,
n = 1), mdicating high internight consistency.
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Froung 5. Seatler p fod nfhi;rmr‘ PRDT ean of bz nights (v waiy;

v PR recorded in the deep loboratory Lab; |

signilicant correlution fr - B8R p < GO0) = 132w fnendd.

woww chestiournal org

. 4 hig §m'

Fioike & Scmer plat of repeated %mme FRIDE vabzes PREDY of
the sevoud home sleep stuhy (v axist is plotied agamst PRI
revonded i the first home ﬁk{*] «m:}\ % avis) A hw?ﬂx stenificant
coveckation: {r = D54, p <THO01 1~ TG was {nim{? hetween the
wwir st-home sleep standies
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Figure 7 shows the ROU curve rveflecting the

dingnostic capability of PRDI when the threshold of

PSG-RDT was set at 10 for OSAS diagnosis.'® Figare
8 shows the ROC curve reflecting the {hagnfasm
capability of PRDT when the threshold of PSG-RDI
was set at a value of 20, which represents a PSG-RIDI
fevel at which continuons positive aitway pressure
therapy is indicated.®” The areas under the ROC
corves were (182 (p < 0.0001} for the diagnostic
threshold {(PSG-RDI > 10}, and 0.57 (p < 0.0001)
for the therapeutic threshold (PSG-RDI > 201,

Dscussion

This study shows that the WPL00 is & simple,
reliable and aceurate device for ambulatory {il&gﬂoﬂ;m
of OSAS. The in-laboratory measured PRDI results
were well correlated with the in- -laboratory PSC-
RD1 results (r = 0.88, p < 0.0001), with good effi-
cacy for both OSAS diagnosis (RDI > 163 and for
CPATP therapy indication (RD1 > 2007 [AUC of 0.82
and D.87, respectively]. The in-laborators PRDI
results were highly reproducible in the home sleep
studies, with correlation coeificients of 0.8% and
.94, for laboratory vs home and between two home
sleep studies. respectively, Given the espected inter-
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9.4

sensitivity

"3

‘Rz

AUC - 0.82

.4

¢ 8122 0304650507 0809 1

1 - Specificity
Frevee 5. B cunve §or PRDY when the cutaft threshiold wos
defined as PRORD = 100 AVD for the canve i 082

= G001 showing the potentialle high sensitivity and apect
fiib in Jifl;{ﬁiwxés‘;;{ {35A8
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Frgure 8. ROU cieve for PRI when the antoft threshold was
defined as PSG-RBE = 200 AUC ko the curve is (57
{p = (OO, showing the potemtizdly Jugh sensitivity and speci-
ficity i dingnosing OSAS of o severity Tequiriag treabent,

night variability for RD1'S% the high consistency
found in this ztud} is even more significant. The
device reliability s also demonstrated by the rela-
tively low rejection rates; 1 of 102 studies in the sleep
laboratory, and 10% of the home sleep studies,
which were canded out as unattended sel-adminis-
tered studies. For comparison, data loss rate was
evaluated as 4 to 33% with other unattended home
sleep systems.7.20-23

Over 80% of patients with moderate-to-severe
OSAS are undiagnosed and untreated, which can
subsequently lead to the severe sequelse of the
syndrome. Kapur et 4l concluded that patients with
undiagnosed OSAS had considerably higher medical
costs than age and sex-matched non-OSAS subjects,
and that the OSAS severity was associated with the
ma;)mtude of medical costs. The long waiting lists lor
in-laboratory polysomnogruphy studies. which are
expensive and time consuning, have led to an intea-
sive search for ambulatory alternatives. According to
the ASPIA standards of }'ﬂ’&i’.ti(‘f‘ {1894}, sleep study
devices a}’t‘ cassified into four levels. from the at-
tended. indabongory, full polysomnography devel T o
the wnattended,  at-home, s;ﬂg,jezdnuble«r,.h&nz}fff
recording (ASDA level 415 In general, there uppears
to have been a tradeott between the amount of
information und the simplicity of the device. Simple

Chirinat investiganions
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devices tend to have a high level of feasibility and
saving of time and expenses. it provide less infor-
mation. For example, Portier et al* evaluated wnat-
tended. at-home polvsovanography stadies {ASDA
level 2} vs in-luboratory polysommography studies,
using the same recorded chamels. They found that
the reliability of the studies was associated with the
quality of data obtained under the unattended con-
ditions, where 33% of the recovdings were not
adeguate for data analysis, and a further 11% of the
studies had discordant results. The rejection rate of
the WP104 deviee [10%} is in the lower-to-middle
range of the ASDIA grade level 111 devices, which
were estimated to have rejection rates in the range of
4 to 24%.2-21 Other ambulatory devices from this
category could slso demonstrate relative simplicity
and lew rejection rate, but showed ansatisfactory
accuracy. Esnaola et al® studied 150 individuals with
‘%‘i%pé{‘f?‘i} OSAS, who wnderwent fuil polysomnog-
raphy simultaneously with level 11T devices and
reported AUC valnes from 0.67 to 0.76. Cirignotta et
al*® reported that the avtomatie scoring of such a
device way unreliable in assessing patients with
complicated OSAS. 1n contrast to these reported
devices, the WP100 appears to have hoth the advan-
tage of simplicity (recording only from two finger
pmbt}w and high accuracy.

The device is ima@d on the PAT signal. & measure-
wment of the pulsatile volume {hm«rex in the vascular
bed at the fingertip. providing continuous monitor-
ing of the pulse rate and det ect;ﬁo' digital vasocon-
striction events, hoth of which are affected by the
ﬁﬂ’?:;}ﬁthﬁiw nervous svstemn. Grote et al® has shown
that the control of the finger arteries is almost
exchusively mediated by o sympathetic receptors. so
that PAT-detected ep;mdﬁx of vasoconstriction actu-
ally reflect sympathetic activation. Pitson and Strad-
ling? reported that repeated occwrrence of sleep
apnea and hvpopnea events causes arterial oxvgen
desaturation, as well as arousal from sleep with
periatic episodes of increased sympathetic nervous
systein activation. These authors used heart rate
chmﬂf@ and the pulse transit time as indices of
sv mpafhetm activation and found that these were less
well correlated with the apneavpopnea index
{r = 051 and 0.65, respectively).

The PAT technology is a unique and relatively new
concept of noninvasive meastrement of smngdiheirfs
activation levels that appears to be very accurate for
detecting sleep-disordered breathing events. The
self-contained pressurizing mechanism of the probe
allonws it to he hwiéfufssﬁhi and silent, essential for a
practical ;;is";hui;s%{;ﬁ device, s Jbll?h to reliably
applyv a pree determined and constant level of pressure
over 1 broad vanue of finger sives is essential Tor the

waw chegtiournal.org

accuracy, robustness, and reproducibility of the
method, and was also vital for the development of
the algorithm.

The first study that demonstrated the PAT signal
diagnostic capability for patients with OSAS was
performed using a bedside version of the PAT
systernr, which was automatically analyzed vsing PAT
signal attenuation and pulse rate criteria alove. In
that study, Schoall et al'® found a high correlation
between standard polysomnography scoring of total
apnea-hypopnea events and PAT- xagé}f_eﬁﬁénita{}ﬁ
events with concurrent tachyenrdia. Later, Pillar et
al”* showed that detection of apnea and hypopnea
events based on combined data from PAT and pulse
oximetry was highly correlated with standard poly-
sommography scored results. a finding that was con-
firmed by Pittman et al'? utilizing hoth manual and
avtomatic analvsis, O'Donnell et al® further ex-
plored the PAT response in patients with OSAS.
They experimentally induced upper ainway obstrue-
tion and have shown that airflow obstroction in
pan‘mm with O5AS Iends to 2 PAT signal attenuation
in a “dose-response” manmer, je, greater airflow
ohstruetion canses greater PAT attenuation,

The eriteria of L‘?;e automatic algorithm for respira-
tory disturbance event in the present study were set as
é’}ﬁ‘;i*} a substantial digital vasoconstriction (> 50%:)

v sulstantial arterial oxvgen desaturation (> 4%,
or a milder degree of vusoconstriction (2> 30%) with
caneurrent pulse wate acceleration (= 10%) or sub-
threshold arterial oxvgren desatwration (> 3%). Based
on the sctigraphic data, perdods of sleep and wakeful-
ness were identified. and the intomatic algorithm R
was calculated per hour of detected sleep. Although
actigrapbically determined sleep time is not as accurate
as po V’Srimnﬂm.iplw his featwre is an improvement
over other modified portable devices, which provide
RD1 values per total recording time rather than per the
actual sleep time, which may lead to a biased RDL

It should be noted that the population we studied
did not inchade patients with central sleep apnea. We
therefore assume that, at this stage, the current
algorithm would not differentiate iwéwe*@n ohstrue-
tive and central apneas. However, given the very low
prevalence of central apnmea among the referred
popnlation to diagnostic sleep laboratories and the
faet that the treatient of chivice is vsually the same,
we do not cousider this to be a major disadvantage.
It should be also noted that sympathetic activation
during sleep is not exclusively associated with the
resumption of respiration after disordered breathing
events, but may also arise in association with a v ariety
of other conditions that may cause sleep arousals
such as pross hody movements, periodic Jeg move-
ments, or dmng&s i upper arway n?smi,m(.e As
outlined hefore, in order to muwdmize the specilicity
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of the WP100 antomatic algorithm to detect vespi-
ratory disturhance events, it was designed to be
based not only on the presence of vasoconstriction
episodes but it also takes into account their periodic
nature, tvpieal length, and combination with heart
rate and oxvgen desaturation changes. All these
parameters were tuned in an optimizing process over
a prior training set of results and were shown to give
robust correlation with the polysommnography results
in the validation set of the present study. Recently,
we huilt 2 separige algorithn which utilizes the PAT
signal to detect ASDA-defined arousals during sleep
regardless of their somrce. This latter algorithm
was based on a combination of two features of the
PAT signal, amplitude attenation and pulse rate
increase. Validating the algorithm on a group of
96 patients that included normal subjects, patients
with sleep apnea, and patients with periodic leg
movementis during sleep revealed a high correlation
of 0.88 between manually scored ASDA-defined
arousals and the automatically derived PAT auto-
nomic arousal indes. We believe that utilizing a
combination of the features of the above-desceribed
algorithms to analvze a PAT record will allow. us to
distinguish hetween sympathetic activation due 1o
respiratory events or due to other eauses. Thus, in
vases where the result of am RDT selective algorithm
is consistent with or higher than that of the auto-
nomic aronsal algorithm, it can be reliably used to
provide sleep apnea dizgnosis. In cases where the
PAT reveals a high arousal index but a low RDL
additional disorders such as periadie Himb move-
ments or upper airway resistance syndrome should
be suspected and further expkmd It is vet to be
determined, however. if specific features of the
digital response may be further analveed to provide
additional wsehil infermation about the underlying
cause of the sympathetic activation.

A relatively high consistency was found between
PBD} in the laboratory and at home, as well as
between at-home studies, compared to previous
studies that reported rather large night-to-night vari-,
ability of RD11¢2 It is possible that the ronsistency
found i this study results from the relatively h1g,h
incidence of patients with severe apnea re-studied at
home. We conclnde from these results that the
WP100 showed 2 high level of reproducibility, al-
though this may have been velited to the specific
population studied.

The ability of the PAT swstem to detect sleep-
related vespiratory disturhances could be affected by
pe‘np}wml vasentopathy or neuropathy. and/or auto-
nomic nervous svstern dysfupciion. through the dis-
ruption of the normal respanse of the peripheral
arteries to svinpathetic activations. Nevertheless, the
presence of such conditfons shauld onh he applied ay

w2

exclusion criteria in extremely severe cases but not for
example in the common diabetic patient. Olwiously,
patients who are treated with o-blocker medications,
thase who inderwent bilateral syinpathectomy, and
others with Raymand disease or acrocvanosis are not
candidates for the WPI00 device. In patients with
severe finger deformity {eg, rheumatoid arthaitis). the
adequate applving of the PAT probe could be a tech-
nical problem. In fact, wone of the subjects in the
aurent study were excluded on the basis of these
conditions, and only two subjects were excluded be-
canse of treatment with o- blacking agents. Theretore,
the use of the device was not in practive limited by
these pathologies, and the vast majority of the sub]eu‘s
with suspected OSAS would he eligible to use the
WP100 device.

This study has several potential limitations. First,
the study population consisted of patients with snor-
m«zjx!m?p apnea syndrome and headthy volunteers.
One could argne that the acenracy of PAT in recog-
nizing r?xgjzmtnr\ disturbances might be different in
ather | patient populations (such as insomniacs}, Hos-
ever. some of our patients complained of diffienlties
falling and maintaining sleep along with the hvper-
somnolence, and we did not notice a decreased
acenracy of the WP100 in recognizing events in these
individuals. Nevertheless, t:mipgmimﬂ this study to
other patient populations will add more information
regarding its applicabilitv. In addition. we have
evaluated the PAT for apmeas and hypopneas but not
for incressed upper airway resistance svndrome.
Respiratory effort related arousals are well recog-
nizged, and indeed it would be reasonable to be able
to recognize them with this device. as these are also
associated with sympathetic activation, H(mew
this was bevend the scope of this study and 3
currestly bemtf investigated in a separate study.

CONCLESION

Despite these lmitations, we believe that this
study shows that the WP100 is a simple. reliable, and
acenrate device for diagnosing OSAS i the unat-
tended home set-up. Using a device with sensors
placed onlv on the fingers and foresrm makes it
simple to self-administer and well tolevated. Using
the autorated scoring algorithm allows for objectiv-
ity and is time saving.
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Abstract

Study Objectives: To assess the accuracy of a wrist-wom device (Watch_PAT 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 polysomnography (PSG) and 1 night in the home with only the
Watch PAT. 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 of hypopnea,
the respiratory disturbance index using American Academy of Sleep Medicine Task Force
criteria for clinical research, also referred to as the Chicago criteria (RDLC) and Medicare
guidelines (RDI.M}. The Watch_PAT respiratory disturbance index {(PAT RDI) and oxygen
desaturation index (PAT ODI) were then evaluated against the PSG RDI.C and RDIM,
respectively, for both Watch_PAT diagnostic nights, yielding IN-L.AB 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 Resuolts: The PSG and PAT measures were compared using the mean
(28D} 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 RDIL.C and
PAT RDI (ICC = 0.88, mean difference 2.5 (18.9) eventg/hr), RDILM and PAT QDI (ICC = (.95,
mean difference 1.4 (12.9) events/hr, and slesp 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 (1CC = 0.72, mean difference 1.4 (30.1) events/hr)
and RDIM and PAT ODI (ICC = 0.80, mean difference 1.6 (26.4) events/hr} for the test device
and PSG. Home studies were performed with no technical failures.

Conclusions: In a population of patients suspected of having OSA, the Watch_PAT can
quantify an ODI that compares very well with Medicare criteria for defining respiratory evenis
and an RDI that compares favorably with Chicago criteria for defining respiratory events. 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.! OSA is characterized by repetitive collapse of the pharyngeal airway
during sleep vielding hypoxia, hypercapnia, and arousal to reestablish airway patency.” The
associated consequences include daytime sleepiness,” decreased cognitive performance,
decreased quality of life,* increased risk of autorobile and industrial accidents,™® and adverse
cardiovascular sequelae.”'® Treatment of OSA leads to improvements in many of these adverse
outcomes and may reduce health care costs.""" Thus, diagnosis of this disorder is important.

A commonly used indicator of OSA severity is the respiratory disturbance index (RDI).
The RDI represents the total number of apneas and hypopneas per hour of sleep. Most
commonty, the RDI is derived primarily from ovemnight in-laboratory polysomnography (PSG)
which includes the continuous recording of many physiologic variables including airflow,
chest/abdominal movements, electroencephalography (EEQG), electro-oculography (EOG),
electromyography (EMG), electrocardiography (ECG), and oxygen saturation.”® 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.”® Although unattended and telemonitored
polysomnography are available, the reliability of these alternatives varies.*" 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.1 %
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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).?'™ 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 signal *!
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
signat **

In the present study, we assessed the accuracy of a wrist-worn device that combines thig
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. ™ This study utilized a similar approaclh,
but extended the work of Bar and coworkers by also studying patients in the home where the

device is intended to be used.*

Sof 30


http:results.22
http:signal.24

MATERIALS AND METHODS

Subjects

Adult patients referred to the clinical slegp laboratory of Brigham and Women’s Hospital
with suspected QS A participated in this study. These participants were not consecutive patients,
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 laboratory. Exclusion criteria for the study were: history of peripheral vascular
disgase, peripheral neuropathy, non-sinus cardiac thythm, permanent pacemaker, severe lung
disease, §/P bilateral cervical or thoracic sympathectomy, finger 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 Scale.” Subjects underwent two separate evaluations of the home
monitoring system (Watch_PAT 100, ltamar Medical Ltd., Caesarea, Israel): an in-laboratory
comparison {IN-L.AB) where subjects simultaneously wore the Watch PAT during a full-night
standard PSG and a home-laboratory (HOME-LAB) comparison during which Watch PAT 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 1
week of each other, thus avoiding the confounding influence of long time delays between

studies.
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HOME SLEEP EVALUATION

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_ PAT device. Instruction addressed proper
application of the device and subject demonstration of correct use. This process required about
5-10 minutes. The Watch PAT device was then provided to the subject for transport to their
home.

The Watch_PAT system has been described elsewhere,”>® but consists of a baitery-
powered, wrist-mounted recording device and software for post-acquisition viewing and analysis
of the recorded data. 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, Israsl) and a pulse oximeter
sensor (Nonin 8000J, 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 PAT 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 PAT device contains a rechargeable power
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supply, preliminary signal conditioning hardware, 100 Hz data acquisition, and data storage on a
removable COMPACTFLASH disk.

Watch_PAT studies were uploaded for automated analysis on a personal computer using
the COMPACTFLASH reader provided with the PAT software (zzz PAT version 2.0.39.13,
Hamar 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 Sieep Medicine
(AASM) guidelines for measurement in clinical research (also referred to as “Chicago
criteria™).”® 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 activity, 2) PAT amplitade reduction occurred with a 3% or greater oxyhemoglobin
desaturation, or 3) a 4% or greater oxyhemoglobin desaturation. The algorithm was developed
using previous Watch_PAT 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 (ODI) was reported that

represented the number of oxyhemoglobin desaturations of at least 4% per hour of PAT VST.

In-Laboratory Polysomnography

All subjects underwent a standard in-laboratory overnight PSG. Signals recorded

included: EEG (C4-Al, C3-A2, 02-Al and 01-A2), BOG, submental and bilateral tibial EMG,
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ECG, airflow [nasal-oral thermistor and nasal pressure (PTAFZ, Pro-Tech Services, Woodinville,
W A)]. 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 112 and 225 beats/minute). The Watch_PAT signals
described above were acquired concurrently with the PSG.

PSGs were all scored manually by one technologist (SDP) who was blinded 1o 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®’ Arousals were defined
according to the ASDA guidelines.”® Respiratory events were first scored according to the
AASM guidelines for measurement in clinical research (Chicago criteria).”® 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 (RDI.C) 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 of hypopnea (Medicare criteria).”® In this case, a hypopnea was defined as
‘an abnormal respiratory event lasting at Ieast 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_PAT channels 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 ODI 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 2" scorer. Epoch-by-epoch
comparisons yielded the percentage of epochs with agreement and Cohen’s Kappa statistic
measured the chance-corrected level of agreement.*

The utility and accuracy of the Watch PAT indices in detecting OS A 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)*', agreement using the method of Bland and Altman,*? and by constructing
receiver operator characteristic (ROC) curves® (Analyse-It Clinical Laboratory Software ver

1.67, Leeds, England) using RDI.M and RDIL.C cutoffs of 15 events per hour on the PSG to
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.34 Ty assess the detection of

differentiate normal cases from those with moderate-severe OSA.
varying degrees of OSA severity, we also constructed ROC curves using RDIM and RDLC
cutoffs of 3, 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 of another ambulatory device to detect
OSA.*® According to this analysis, the Watch_PAT and PSG are considered in agreement if: 1)
both the RDIL.C and PAT-RDI were greater than 40 events per hour, or 2) the RDLC was < 40/hr
on PSG and the PAT-RIM was within 10 events/hr of the RDI.C.

All results are given as means + 1 standard deviation except for the means of the

differences for the Bland-Altman analyses which are given as means (& 2 standard deviations for

limits of agreement). Statistical significance was considered to be present when p < 0.05,

RESULTS

We recruited a total of 30 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, & female) are included in the data
analysis. The mean age of these subjects was 43.2 £ 10.8 vears and mean body mass index was
33.9+7.1kg/m’. 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 vielded epoch-by-epoch agreement

of 93.4% (discriminating wake, NREM, and REM} with 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 RDIL.M calculation between

the 2 manual PSG scorers using comparisons of 0, 1, or 2 respiratory evenis 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 VST was 340.3 = 55.5 minutes (see Table 1). There was good agreement
between Lab-PAT VST and PSG TST (ICC = 0,70 mean difference 7.0 (93.1) minutes). Mean
RDLC per PSG was 31.6 + 20.6 events per hour while the mean Lab-PAT RDI was 34.2 + 19.2
gvents per hour, The Lab-PAT RDI and PSG RDLC were concordant (ICC = 0,88, Fig. 1A). A
Bland Altman plot of Lab-PAT RDI and PSG RDILC is shown in Fig. 1B; there was no obvious
systematic difference between the two variables.

We constructed ROC curves to assess the sensitivity and specificity of the Watch PAT
system using a range of PSG RDI.C threshold values (5, 10, 15, 20, and 30 evenis per hour) to
differentiate normal cases from those with OSA. The area under the ROC curves was undefined
for athreshold of 5 events per hour, 0.96, 0.89, 0.93, and 0.95, respectively. Optimal
combinations of sensitivity and specificity are shown in Table 2. When using the previously
deseribed clinical approach to assess agreement.”” concordance was found in 24 out of 29
subjects (83%). There was substantial disagreement in one case (subject #9: mild OSA by
Chicago cniteria). The PSG RDI.C was 10.8 events per hour in this individual, but the Lab-PAT
RDI was 40.6 events per hour. In this individual, the Waich 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 Sieepiness Score for this individual was 16 outof a
possible score of 24.
Medicare Critena

The mean RDILM per PSG was 18.3 + 21.9 events per hour while the mean Lab-PAT
ODI was 169 % 19.5 events per hour. There was excellent agreement between Lab-PAT ODI
and RDIM (ICC = 0.95) as is shown in Fig. 1C. A Bland Altman plot of Lab-PAT ODI and
RDI.M 1s shown in Figure 1D.

We constructed ROC curves to assess the sensitivity and specificity of the Watch PAT
system using PSG RDIM 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 099, 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 RDLM was 57.6
events per hour in this individual, but the Lab-PAT ODI 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 RDIM were

not included in the Lab-PAT ODI. A representative sample from the PSG is shown in Fig 3.

HOME-LAB COMPARISON
Chicago Criferia

No technical failures occurred during the home studies, thus data were available for
analysis in all 29 subjects. The mean Home-PAT VST for the home studies was 344.1 £ 73.9
minutes. There was not a significant correlation between Home-PAT VST and PSG TST

(Pearson product-moment correlation coefficient = (.28, p=0.14). 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 RD1.C is shown in Fig. 4B. With RDIL.Cs
in the severe range, the Home-PAT 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. SA. 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 RDL.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 RDIM (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 RDI.M 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 RDIL.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 sensifivity and specificity are shown in Table 3,

DISCUSSION

In this study, we assessed the diagnostic accuracy of a wrist-wom device to detect OSA
with concurrent PSG in the laboratory and when subject-administered in the home. This deviee
1s unique in that detection of episodic vasoconsiriction 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 of the IN-LAB study suggest there is generally good
agreement between Watch_PAT and PSG in quantifying apnea plus hypopnea frequency with
acceptable sensitivity, specificity, and diagnostic agreement between systems. The Lab-PAT
ODI was concordant with the PSG RDLM (Medicare criteria). The HOME-LAB comparison
results sugpest that technical failures are rare with use of the Watch PAT system in the home
(0% in this study), but there was less agreement between respiratory events detected with the
Waich_PAT in the home and the laboratory PSG.

Validating an ambulatory sleep diagnostic svstem is challenging due to the lack of a true
gold standard in detecting sleep-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-quantiiative 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 with a noticeable change in airflow terminated by an
arousal ot a 3% desaturation (RDI.C)*® while another requires at least a 30% reduction in airflow
or effort combined with an oxyhemoglobin desaturation of at least 4% to improve the reliability
of scoring respiratory events (RDI.M).% Published data suggest that manual PSG scoring of
hypopneas based on arousal without desaturation is subject to more inter-scorer variability >* We
therefore chose to quantify sleep disordered breathing using both Chicago and Medicare criteria
and then compared these indices to the Watch PAT RDI and ODI, respectively.

The absence of a clear cufoff in the RDI {Chicago or Medicare criteria} by which sleep
apnea can be diagnosed presents significant challenges for calculating the prevalence of 0SAY
and ROC curves that require discrimination of normal from abnormal cases 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 Waich PAT. A cutoff of
5 events could not be used for the RDIL.C analysis because OS A 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 night&38 However, both
study nights were in the same environment. Previous investigations report considerable night-to-

night variability in measures of RDI **%

In our study, subjecis 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
Waich PAT 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 varability), we conclude
that the Watch PAT svstem 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.” Level I was reserved for in-laboratory PSG. A number of portable sleep
diagnostic svstems 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 {ully
monitor sleep and respiration in the home {ASDA level 11}, A comprehensive evidence review
of the hiterature on home monitoring for sleep apnea and practice parameters for the use of
portable menitoring in the investigation of suspected OSA are available > *

Unattended, portable, full PSG perfornied in the home is considered a level II study by
ASDA criteria. Home PSGs have been used for large epidemiclogy studies,'® 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 >

The Watch_PAT system offers several potential advantages over other portable
monitoring systems, First, the Waich_PAT 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 may 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 RDI. In addition, the Watch PAT calculates an ODI based on
desaturations of 4% or greater, a measure that is less inclusive in the detection of obstructive
respiratory evenis, but compared very well fo the Medicare criteria for scoring events. Third,
the Waich_PAT 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 PAT 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 vield at least a 4% desaturation will not be included in the PAT
ODI. This was the source of the disagreement bstween the Lab-PAT ODI and PSGRDIM in
subject #3 in our study (see Fig. 3). Also, the Watch_PAT system reports a PAT RDI that does
not differentiate the type of respiratory event {e.g. obstructive apnea, mixed apnea, central apnea,
hypopnes) 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 RDI.C.
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Finally, the PAT signal is also susceptible to artifact due to certain arthythmias 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 of limitations 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 PAT
device in such a population would be worthwhile. Another limitation of our study is we
evaluated the accuracy of the Watch_PAT 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.*> 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 PAT
data while maintaining blinded manual scoring of the PSG.

In conclusion, this study indicates that the Watch PAT 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 of having moderate-severe OSA (Chicago criteria) for a PAT
RDI > 12.5 events/hour (abnormal cases: PSG RDI.C > 15 events/hour) and a large reduction in

the probability of having moderate-severe OSA for a PAT RDI < 12.5 events/hour.® Thus, the
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Watch PAT could become a useful diagnostic tool in diagnosing moderate-severe OSA in high-
risk populations where the prevalence of sleep disordered breathing is high. Studies in other
steep disorder centers are needed to confirm our experienice. 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 PAT data collected concurrently with PSG data) comparisons are
shown. (A) Scatter plot of PSG RDLC 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 RDLM vs. Lab-PAT ODI with a best fit line of Y =
0.10 + 1.1X. (D) 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 PAT 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 PAT RDI to the Chicago criteria for scoring
respiratory events, yet there was 100% agreement when comparing the Watch PAT ODI to the
Medicare criteria for scoring respiratory events. Thus, due to the sensitivity of the Watch_PAT
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_PAT 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. EMGar, 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_PAT 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 PAT software and included in the PAT ODI is
indicated on the Sa02 channel with the word ‘Desaturation’. This itlustrates a period with 100%
agreement when comparing the Watch PAT RDI to the Chicago criteria for scoring respiratory
events, but only 25% agreement when comparing the Watch_ PAT ODI to the Medicare criteria
for scoring respiratory events. Thus, due to the lack of Watch PAT 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; SaQ2, arterial oxyhemoglobin saturation,

Fig. 4. Home-Laboratory (Watch PAT 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 of Y = 8.6 +
0.76X. (B) Bland-Altman plot of PSG RDI.C vs. Home-PAT RDI. (C} Scatter plot of PSG
RDILM vs. Home-PAT ODI with a best fit line of Y = 2.8 + 0.93X. (D) Bland-Altman plot of
PSG RDIM vs, Home-PAT ODI.

Fig. 5. Home-Laboratory (Watch_PAT 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 ODL
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Table 1 - Data for Each Subject Comparing Watch PAT with Polysomnography

LAB HOME
PSG Watch_PAT Watch_PAT

Subject | ESS | TST ROIM  RDLC | VST ODI RDI | VST ODI  RDI
1 9] 287.0 21  357| 3170 95 543 3450 47 297
2 9| 353.0 38  110| 3780 21 188| 4000 17 115
3 41 3835 575 803 | 3370 283 699| 3770 196 349
4 18| 3470 149  2638| 3610 113 223| 3830 243 442
5 12| 327.0 84  233| 3190 73 218| 4040 50 215
6 10| 4100 80  198| 3750 86 142| 277.0 151 227
7 10| 2725 273 470 2850 317 424] 1870 118 157
8 11| 3430 782 824 3390 729 743 2880 713 734
9 16| 4405 1.1 108 | 4420 53 406| 4600 08 47
10 15| 372.0 0.2 74| 3380 21 141 3240 02 13
11 6| 344.0 10  103)] 3210 04 151! 3880 03 110
12 3| 3230 126 379 2760 170 478| 3340 384 384
13 9| 404.0 16 1227 4120 23 153| 3840 19 125
14 16| 3735 35  127| 3270 33 128 3980 27 107
15 3| 1405 290 401! 3120 186 357 1890 225 545
18 17 | 4465 126 207 | 4100 138 259 2670 108 249
17 9| 4430 145 288 | 4550 175 452| 4240 249 540
18 71 3115 42 265 2570 70 201 3420 12 91
19 8| 303.0 46 220 3040 16 4170| 3560 44 369
20 10| 340.0 651 607 3410 629 750| 3350 300 442
21 12| 3540 217 363 | 3780 176 277 | 4480 223 315
22 6| 2430 365 454 | 2430 356 511| 4080 218 413
23 5, 381.0 195 375 2880 141 254| 2400 464 599
24 17| 4455 625 625 | 4180 622 604| 2340 658 679
25 71 3520 12  218| 3480 16 333| 3120 18 154
26 2| 3035 279 387 3090 239 484 3540 244 510
27 8 316.0 06 163 2970 18 206 3240 30 193
28 2| 404.0 43 203 | 4050 38 266 4510 40 165
29 7| 3405 49  137| 2750 57 142]| 3870 28 73
Mean 92| 3474 183 316 | 3403 169 342 | 3441 167 302
SD| 47| 6486 219 206 555 195 182| 739 190 195

TST = manual total sleep time {minutes), RDLM = manual respiratory disturbance index with Medicare criteria per
hour of slecp; RIN.C = manual respiratery disturbance index with Chicago cnteria per hour of sleep; VBT =
automated valid (estimated) sleep time; ODI = automated oxyvhemoglobin desaturation (=4%) index per hour of
estimated sleep time; RD] = 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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Fig. 4.
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Table 2 — Area Under the ROC Curve;, Optimum 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
RDI.C Prev | AUC Sens Spec LR™ cClI Cl LR ¢Cl Cl  RDI | AUC Sens Spec LR’ Cl Cl LR" ClI Cl RDI
5 100 ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ 1 ¥ ¥ I T T ¥ I ¥ ¥ ¥ 1
10 966 | 096 096 1.00 o 1 = 004 001 025 141 ;082 082 100 = i 2 018 008 040 113
15 759 (089 091 086 636 103 393 011 003 041 198|097 096 100 = I © 005 001 031 125
20 690 | 093 090 082 810 127 517 011 003 (043 206|092 08> 089 720 112 4630 023 009 055 193
30 414 | 095 092 082 519 183 147 010 002 067 266|089 092 082 519 183 1470 010 002 067 248

RDI.C=PSG RDI (Chicago Criteria); OSA Prev = Prev 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 RDI = comresponding PAT RDI (based on Watch_PAT
derived sleep time);, @ = infinity, § = cannoct be calculated. Note: A ROC Curve could not be generated for a RDI.C threshold of 5 events per hour because the prevalence of
OS8SA was 100% for that value. Thus, the AUC, optimum sensitivity/specificity, and likelihood ratios cannet be calculated.

Table 3 — Area Under the ROC Curve; Optimum Sensitivity and Specificity, Likelihood Ratios (Medicare Criteria)

Watch_PAT in LAB Watch_PAT in HOME
OSA Low Up Low Up PAT Low Up Low Up PAT
RDIM Prev | AUC Sens Spec LR" (I Cl LR CI Cl  ODI | AUC Sens Spec LR' CI Cl LR <l Cl_ ODi
5 652 | 098¢ 1.00 092 13.0 198 855 000 000 % 70 | 100 100 100 = I = 000 000 ¢ 47

10 483 | 1.00 1.00 1.00 e I «°  0.00 000 895 | 099 0983 093 139 209 924 0.08 001 051 108
15 34510989 100 080 950 256 352 000 0.00 136 [ 080 090 084 570 198 164 012 0.02 077 151

20 31.0 [1.00 100 100 o0 ¥ *° 000 0.00 175 (086 089 080 444 180 110 014 002 083 151
30 172 (099 100 096 240 352 184 000 000 239|087 100 071 343 184 640 000 000 F 151

+H +H H

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%
Cenfidence Interval; Up CI = Upper 95% Confidence Interval, LR" = Positive Likelihood Ratio; LR = Negative Likelihood Ratio, PAT ODI = comresponding PAT QDI (based on
Watch_PAT derived skeep time); = = infinity, ¥ = cannot be calculated.
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BACKGRCUND

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 (/) 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
(1) availability of sleep laboratory beds determined 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 steep
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 34
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),
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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, 048
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 23% 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
mostusually 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 AMD TREATMENT WITH

CONTINUOUS POSITIVE AIRWAY FRESSURE IN FIVE COUNTRIES

Waiting Tirmm

No. of Sleep No. of Sleep Ne. of Beds/ Mo, of Studles/
Conntry Poputation Labss Beds 100,000 »o. of Studiss/yr yrf‘iﬁ{é,&{m . rmg)
United Kingdom 38,800,000 &4 170 6.3 25,600 42.5 780
Balghum 10,860,000 50 130 1.5 12,718 177.2 2
Austrafia 18,570,000 &3 244 1.3 53,300 Z82.0 316
United States 286,600,000 1.2%2 1,370,000 4270 210
31,400,000 180 440 1.4 116,800

Canada

0.4 36

trial under polysomnography is generally 1 to 4 weeks, Thus, a
patient who is nonurgent waits 1 ¢ 3 months from referral wo
the start of therapy. Some laboratories add ambulatory equip-
ment to standard hospital sleep bads to keep waiting lists within
this range.

The sleep Inboratory of the Cliniques Undversitaires Saint-
Lac, a 95G-bed, private university hospital, receives referrals
from general practitioners and specialists; after an outpatient
assessment by a member of the medical team, a 24-hour hospital
admission is ordered for 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 beds per night); we have not had to use
portable monitoring or split-night stodies, Clinical prediction
riles are used to cstablish “a priori”™ probabilities but not to
select paticnts.

Polysomnography in Belgivm is reimbursed by a mandatory
social security program if overseen by & specialist in peurclogy,
psychiatry, respivology, or pediatrics, and 1t records standard
signals, CPAP s covered if the AHT and the movement arousal
index are at least 20 and 30, respectively, and the therapeutic
patysomnography CPAP frial 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 pationts.

Belgium has not defined the minimal requirements to read
and interpret polysommography; however, it s eXpected that
physicians performing this task will be specialists with appro-
priate training.

Australia

Australia had & population of 1897 million in 2001 {www.abs.gov.
aw/Ausstats}. An informal listing by Sleep Disarders Australia,
a 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 (80% response rate),
52% were in the private sector, 28% were in the public sector,
amd the remaining 20% had a mixiure of public and private beds.
There are a similar pumber of beds {~ 122} in both the public
and private sectors. The combimed sectors are performing an
estimated 33,500 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 meny
studies represent treatment or follow-up studies.

Paticnts wait an average of 9 {range, 1-32) weeks for initial
consultation after being referred. Sleep specialists request diag-
nostic polysomaography resulting in an additional wait of 21
{4-68) weeks in the public scctor and 4 (1-12) weeks in the pri-
vate sector, After completion of the diagnostic study, the time
lapse uniil therapy is started is highly variable with some centers
starting patients immediately and others waiting up to 40 weeks
for a CPAP titration study. Most Iabotatories will priotitize studies

on the basis of clinical urgency that is decided by the referring
physician and some will also use clinical prediction rules. Some
laboratories usc split-night studies and some use oximetry studies
10 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. Seme patisnts approach
equipment comparies directly for & trial of treatment, but little
information is available about their cuteomes.

Australians are pravided with g federal government-funded
Medicare system and state government-funded public hospitals.
Sleep centers that operate in state governmean hospials do not
charge & polysemnagraphy fee to the patient. Private sleep labo-
ratories are reimbursed Australian $430 {or polysomnography
by Medicare; an sdditional Australian £350 to 500 s paid by the
private health insurance fund and the patient in varyving com-
binations. To access Medicare funding a “qualified slecp medi-
cine practitioner” must be & Fellow of the Royal Australasian
College of Physicians, necessitating postmedical degree training
for 7 or more years, including a period of 1 to 3 ysars in full
time sleep medicine training. The Royal Australasion College
of Physicians has recognized Sleep Medicine as a subspeciality
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 ssdmated that there were 1,292
sleep laboratorics in the United States and that 1.17 million poly-
somnograms were performed in the preceding year (427 polys-
omnograms/108,000 population) (9). By contacting all known
sicep labaratories in Massachusetts {34), Oregon (20), and Loui-
siana {29}, this survey found polysomnography rates {studies per
year per 10,000 population} of 329, 448, and 406, respectively.
Estimates of rates in other states ranged from 121 {Colorado)
to 1,161 (Maryland).

The Veterans Health Administration {VHA) provides addi-
tional insights concerning patient access to the diagnosis and
treatment of sleep apnea in the United Stares. The VHA cares
for approximately 3.75 million veterans (95% men, 8% women),
and in 2001 there were 55 sleep laboratories in the YHA system
{148 beds; 6,000 patients— 160 studies per 100,000).

The average time from patient referral to sleep chnic evalua-
tion and laboratory testing in the United States is quite variable
ranging from a few weeks to more than a year. Iu general, wait
times are longer in laboratories Iocated in university, state, and
federal government {VHA) facilities.

The Penn Sleep Center {University of Pennsylvania) receives
patient referrals primarty from primary care providers within
the medical center and throughout the greater Philadelphia area.
Patients are scheduled for in-laboratory testing (12 beds] after
chnic evaluation by sleep center specialists. The wait time from
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TABLE 2. SLEEP STUDY RATES PER 100,000 POPULATION ACROSS CANADA

Mo, of Sleepp No. of Skeep No. of Bedy/ P, Stucesfyr!
Region/Province Popadation Labs Beds 165,500 N of Studiesfyr 106,000
Western Canads 5417514 18 44 0.3 11,430 122
British Colurmbiz 4,141,272 5 8 04 #,600 145
Alhesta 3,113,588 5 14 0.4 3,000 96
Saskatchewan 1,011,808 2 5 0.4 1,150 114
Manioba 1,150,848 2 4 0.3 1,300 113
Central Capaeda 19,523,502 LAl 384* Z0* 103,600 i
Ontario 12,068,301 59 340° 2.8* 93, 7200 776*
Lushed 7,455,208 12 44 0.6 9,900 133
tastern Canadla 2,372,925 4 11 0.5 1,300 55
MNova Scotia 344,765 2 § 0.6 v 74
New Brunswick 756,652 1 3 0.4 459 &3
Prince Edwatd tstand 139,913 g g 6.0 g o
Newtoundland 531,595 1 2 4 150 28
Tetritories 100,042 0 o 6.0 4] 4
Yukon 25,524 Q i 8.0 g8 )
Marthwest Tesritories 41,403 0 8 424 [+ fe
Nunavut 28715 bi] 2 424 a8 ]

* Data from afé provinces obtained from gquestionnsires/lelephone survey, Sleep laboratory cantact Bt from persorat comemunica-
tions and the Canadian Sleep Sodety (httpffenew 5010/}, All sleep labotatories were surveyed axcept Ontario, where numbers
are based on projections genersied from data provided by 38 of £9 known dleep sboratories.

referral to initial chnic visit varies {3-12 weeks); the average
time from clinic visit to polysommogram is 2 1o 3 weeks, although
it was 4 to 5 months when the sleep laboratory capacity was
four beds. Split-night studies are performed, b portable mond-
tors are rarely used.

In contrast, the four-bed sleep center at the Philadelphia
Veterans Affairs Medical Center, the only VHA sleep laboratory
n the region, receives referrais from VHA providers in the slates
of Delaware, southern New Jersey, and eastern Pennsylvania,
Funding for technology staff is only available to operate twe
beds, 4 nights per week. The average wait time from referral to
initial clintc visit is 2 to 3 months and from clinic visit to poly-
somnogram an additional 2 to 3 months. Other VHA sleep pro-
grams report that patients wait on average approximately 8 o
9 months from laboratory referral to sleep evaluation, Using
VHA guidelines, the Philadelphia Veterans Affairs Medical
Center performs unatiended home studies with validated porta-
ble monitors for diagnosis snd to initiate treatment with CPAP
in about 40% of patients with clinical suspected sleep apnea.
When sleep apnes is diagnosed with 2 home study, a I-week
home auto-CPAP tifration is performed before initiating CPAP
{reatment.

The majority of sleep evaluations are split-night polysomne-
grams, a practice driven by limited resources and reimbursement
policies, Effective March Z, 2003, the Centers for Medicare and
Medicaid Services accepts charges of US $8807.69 for a split-night
polysomnogram and US $223.62 for a Level I 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
Tnited States are directed by respirologisis, and about one-third
of them are accredited by the American Academy of Sleep
Medicine. Certification of the sleep specialist and the sleep laho-
ralory are Increasingly being required for reimbursement by
states and insurance carriers.

Canada

Canada has a population of 31 4 million {Statistics Canada: hitp/
www.statcan.ca) residents living in 10 provinces and 3 territories.
The number of sleep studies per 100,000 varies greatly across
the country {(~778 per 100,600, Table 2} ax do waiting times. In

eastern and western Canada the wait for sleep specialist consulta-
tion averages 4 to 6 months (in some places it exceeds 12 months),
and completion of a polysommogram varies from 8 to 30 months,
resulting in a total wait of approximately 24 months (range, 8-36
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 24 and 2 months, respectively,
and there is generally little thoe required to start CPAP.

The sleep laboratory at the Foothills Medical Centre i affilic
ated with the University of Calgary, has four beds, and performs
approximately 1,000 polysomnograms per year, Funding, includ-
ing interpretation fees, is provided by the Calgary Health Region
from its global operating funds provided by the provincial gov-
ernment. Physician consultation fees originate from a separate,
fee-for-service budget. Patients are referred mostly by primary
care physicians, some otolaryngologists, and some internists/sub-
specialists. Polysomnography ordering is limited 1o eight sleep
consultants who review all referred patients. Split-night poly-
somnograms and home monitors (oximetry, body position, snor-
ing, and sirflow) (10) are used fo increase capacity. Patients
are triaged on the basis of medical history, a validated clinical
prediction rule (11), and reported daytime sleepiness. Treatment
is often initiated ot home using auio-CPAP machines, Because
of extensive wail times, primary care physicians have started to
order home oximetry for their patients and will not necessarily
refer these 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 prov-
inces funding is only available to hospitals for performing polys-
ommography, limiting the number of laboratories; however, in
Ontario funding is available based on a fee for service contract
that allows for nonhospital laboratories. CPAP funding varies
across the country; in some provinees it is completely covered
by provincial Medicare, although in the majority, patients are
responsible for paving unless they have private insurance. The
Rovyal College of Physicians and Surgeons of Canada has not
recognized sleep medicine as a specialty, An increasing number
of physicians who interpret polysomnography have been certified
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by the American Board of Sleep Medicine; however, this is not
a stipulation of provincial licensing authorities for providing
consuitation and polvsomnography interpretation services.

DISCUSSION

In many locations around the world patients suspected of having
slcep apnea fmce challenges accessing diagnostic services and
treatment because of the discrepancy hetween 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 § 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 # 15) is 9 and 4% in males and females, respactively.
Sleep apnea is suspected in patients who are obese, hypertensive,
habitual snorers, and hypersomnolent {13). All of these condi-
tions are highly prevalent; thus a conservative estimate of the
“at-risk™ population who might be expected to be referred for
assessment is at least twice the prevalence {13%) of moderate
sleep apuiea. Predictions of at-risk populations in this report
have niot been adjusted for age less than 30 and greater than 60
becanse the data is preliminary; it is sstimated that aboat 2%
of childrer have sleep apnea {14), but there is a high at-risk
population of children who habitually snore {15) that is difficult
ta quantify. Sleep aprea prevalence is increased in older adults
(153, which would offset possible lower rates in children.

Estimation of sleep apnea incidence iz problematic because
of using AHI cut peints to identify who is at risk for incident
sleep apniez 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} is estimated at 0.6% (increase in prevalence of 3.1%
over 8 years) (161

The capacity for performing polysomnography is limited, The
American Academy of Sleep Medicine recommends polysom-
nography for determining the severity of, and evaluating pa-
tienis’ response to treatment for, sleep apnea (7). The American
Thoracic Society recommends polysomnpography for CPAP titrg-
tion {8). If these guidelines are followed, on the basis of incidence
estimates alone, 500 polysomnograms per 100,000 population
per year would be required; however, the Wisconsin sleep cobort
study has found that 82% of men and 93% of women with
rmoderate to severe sleep apnea have not been diagnosed (17).
The capacity required to deal with these undiagnosed cases,
spread over a L-year period (82% of 9% of the male population
and 93% of 4% of the female population), would be an additional
555 polysompograms per 100,000 population per year. This as-
sumes that cach putient would only require a single polysomno-
gram and does not take into account at-risk patients who should
bie offered polysomnography but who ultimately are not diag-
nosed with sleep apnea. Using a conservative estimate that 50%
of polysomnograms would be positive for sleep apnea, approxi-
mataly 2,310 polysenmograms per 100,000 people per year would
be required 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 30 in the United Kingdom, the actual capacity
for polysommnography. In sleep venters where specialists control
aceess (o polysomnography, their availability is likely to be more
limiting than polysomnography. If a full-time specialist reviewed
1,500 new patients with suspected sleep apnea per year (6 pa-
tients per day), a community would require 1.4 full-time sleep
specialists per 100,000 population. For the Calgary population

871

(~ 1,000,000), this would translate inio 14 fuil-ttme deep special-
ists. At the Foothills Medical Centre, eight part-time sleep special-
ists equate te about one full-time position. Hence, we service ap-
proximately 7% of the potential sleep aprea referral population.

Funding models clearly 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 availabil-
ity is capped by adnrinistrative funding, Waiting times for consul-
tation, diagnosis, and treatment in this type of system ate
excessive; the exception is Belgium, which, although bas a similar
ratio of sleep studies to population as other countries, does not
have similar waiting times. This would seggest that the demand
there is limited, perhaps because of underrecognition by primary
care physicians. Excessive waits lead to polysomnography alter-
natives for diagnosis and CPAP titration, in some circamstances
by practitioners with little or po training is sleep or respiratory
medicine. There is a lack of evidence indicating that these alter-
naiive strategics offer comparable oulfcomes for patients.

Patient access to appropriate investigation and freatment for
sleep apnea is clearly restyicted. Resources in the five countries
that are included in this report, including the estimated resources
in the United States (9}, are inadeguate to deal with conservative
estimates of demand based on keown prevalence and incidence
data. Because treatment of sleop apnea provides many benefits
to patients and society, il is imperative that strategies be devel-
oped, and rescarch evidence gathered to support them, that
address the current demand-capacity chasm.
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Coverage and Analysis Group

Centers for Medicare and Medicald Services
7500 Security Boulevard

Baltimore, MD 21244-1850

Dear Dr. Sanders,

VivoMetrics® is writing in support of Dr. Mendelson, Dr. Davidson and others regarding the
request 1o include and recognize in Medicare coverage policy the use of portable multi-channsl
home sleep testing devices as an alternative fo facility-based polysomnography in the evaluation
of Obstructive Sleep Apnea (OSA).

Enclosed is a compilation of scientific papers, anticles, abstracls and marketing malerials for the
LifeShirt™ System, a continucus 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
softwara. The core data streams are respiratory inductance plethysmography (RIP),
electrocardiography (ECG) and accelerometry. Peripherat inputs include electroencephalography
(EEG), arterial oxygen saturation (SpO.). skin temperature, limb movement, blood pressure and
throat sound. An electronic patient diary aliows the collection of subject-reported information
such as symptoms, emotions, activities, medications taken and programmed survey data. Data
collectad by the LdeShirt System are encrypted and stored on a data card, processed by certified
sleap 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.

LifeShirt System Technology:

+« Based on a miniaturized, ambulatory version of RIP

» Contains embedded RIP sensors in a comfortable garmerit 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 dited in the July 17, 2002 FDA Apnea Guidance Documert as capable of
differentiating betwesn obstructive and central sleep apnea

LifeShirt System Components
* Lightweight (8oz, 260g), machine washable, comfortable shirt with embedded sensors
» Integrated recorder captures continuous measures on more than 30 physiclogic
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 decrypis recorded dala
o synchronizes objective physiclogic data with subjective patient report
o dafa is processed by certified sleep technicians and reviewed by a physician
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o data securely stored and transmitted to research sites or clinical tial sponsors
by VivoMetrics’ 21 CFR part 11 compliant data center

o researchers can examine high-resolution waveforms and lock at trends over
time.

LifeShirt System technology is currently being used by physicians at academic medical
institutions including Johns Hopking University, Yale University and Stanford University; nealth
care institutions including the Mayo Clinic, Walter Reed Army Hospital and the Rehabilitation
Hospital of Indiana; and pharmaceutical companies including GlaxoSmithKline, Pfizer and Eli
Liliy.

Please review the enclosed information and call me on {808) 275-5834 if you have any guestions.
We anticipate sending supplemental information prior to meeting with you in the late May, early
June timeframe,

Thank you for your consideration

Very truly your

Chief Operating Officer & Founder
VivoMetrics, Inc.

Enclosures:

Sslsected Annotated Bibliography for the LifeShirt System

LifeShirt System Validations

Abstract Proof, Prevalence of Obstructive Sleep Apnea in Patients Surviving Ischemic Stroke,
Zaneteas, Philip; Coyle, Michael; Derchak, Alexander; Mendsison, Wallace, accepled for
prasentation at the Assoclated Professional Sleep Sccieties, June 2004

The LileShint: A Multi-function Ambulatory System that Monitors Health, Diseass, and Medical
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Accuracy of Bespiratory Inductive Plethysmography during Wakefulness and Sleep in Patients
with Obstructive Slesp Apnea, Jean Paul Cantineau, MD; Plerre Escourrou, M.D., Ph.D;
Richard Sartene, M.D.; Claude Gaultier, M.D., Ph.D., Michae! Goldman, M.D,, “CHEST",
Cctober 1992

Accuracy of Respiratory Inductive Plathysmography for the Diagnosis of Upper Airway
Resistance Syndrome, Daniel [ Loube, M.D., FCCP; Teotimo Andrada, M.S.; Robin 5.
Howard, M.A., “Chest”, May 1999

Summary Document for LifeShirt System for the Assessment of Sieep Disordered Breathing and
Assessment of Sleep Structure Via Electroencephalography, VivoMetrics, April 2004,
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Prevalence Of Obstructive Sleep Apnea In Patients Surviving Ischemic Stroke

AUTHORS (ALL): Zaneteas, Philip D.": Coyle, Michael A.%; Derchak, P. Alexander’; Mendelson, Wallace B.%.

INSTITUTIONS (ALL): 1. Rehabilitation Hospital of Indiana, Indianapolis, IN, USA.
2. Cliical Research, VivoMetrics, Princeton, NJ, USA.
3. Pyychiatry and Clinical Pharmacology, University of Chicago, Galveston, TX, USA.

ABSTRACT BODY:

Intreduction: Sleep disordered breathing (SDB) has been observed to be 2 pre-event characteristic of many
patients who experience stroke (CVA). Also, surviving a CVA has been reported to increase the likelihood of SDB.
SDB has been associated with comorbidities in the general population and may potentially have a negative impact
on the recovery trajectory of CVA survivors. Therefore, a cost-effective and accessible too! for identifving SDB
would have clinical value. To assess the prevalence and severity of SDB in patients who had recently survived the
acute CVA trauma phase and were deoiied stable, we employed a portable system to quantify apneas {obstructive
{OA)}, central (CA), mixed (MA)} and blood oxygen saturation {5,02).

Methods: Recent survivors of ischemic CVA participated in the stady (N = 18; n = 12 fomales; age =63 £14
vears; o = 14 right hemisphere lesions). Patients were evaluated for SIVB within 72 hours of the stroke diagnosis or
when they were considered to be stable. CVA foci were derermined 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, CA). Presence of SDB
was defined as an apnea hypopnea index (AHI) > 10. SDB events sssociated with a drop in 5,0, of 3% or greater
were classified as desaturation eveats. Sleep time was estimated from technician recorded Lighis-off to Lights-on
for the caleunlation of AHI {{apneas + hypopneas)/sleep tirne) and oxygen desaturation mdex (ODI; desaturation
events/hour),

Results: Fifteen patients (87%) exhibited an AHI > 10, For this sub-group, FIM score at the time of admission was
{mean + 8D 63 = 15, AHI was 34 £ 14 events per hour. Total SDB events were: QA = 14811, MA =572 67
and CA = 5 £14. Blood oxygen desaturations were comumon (mean nadir 5,0, = 79 & 0.1%), as was the frequency
of desaturations events (OD1 = 45 & 15).

Conclusion: Theses data enrich previous observations of the prevalence of SDB in patients who have recently
survived stroke, as well as suggest that 8DB can be efficiently identified by this portable system in this population.

Support (optional): This study was supported by VivoMetrics.




THE LIFESHIRT: A MULTI-FUNCTION AMBULATORY SYSTEM THAT
MONITORS HEALTH, DISEASE, AND MEDICAL INTERYENTION IN
THE REAL WORLD

Paul Grossman, Ph.D,
University of Freiburg, and FIMR, Konradstasse 32, 72100 Freiburg, Germany

The LifeShirt: A multi-function ambulatory system that monitors health, disease, and medical

intervention in the real world

Medical monitoring of heaith, disease, therapy and management has almost solely relied upon measurements made in
the physician practice, clinie or hospital setting. Inferences about symptom improvement and quality of life have also
heen based exclusively upon occasional self-reports of patients during medical visits. Because the ecological validity of
this approach sericusly limits our potential to adequately diagnose and treat patients, therg has been inereasing interest
in ambulatery menitoring for a varigty of conditions. Despite advances made in health-related ambulatory monitoring,
medical practitioners and researchers have remained seriously constrained in their ability to acquire congurrent
assessments of mualtiple physiological systems, as well as patient reports of symptoms and well being in daily life:
Almost all past and current applications bave been limited to the registration of a single variable (c.p. the
electrocardiogram or blood pressure), and this has resulted in incomplete information about other relevant physiological
and environmental factors likely to contribute 1o disease or its amelioration. Monitoring of multiple physiological
functions has been too complicated to achieve and has required special measurement devices that have been
urnavailable, too expensive, orf 1o cumbersome to effectively employ. Concurrent assessment of pertinent information
shout patient activities during monitoring has remained difficult to accomplish, although such information is likely to be
crucial for the interpretation of physiological findings and patients’ perceptions of improvement.

The LifeShin™ (Vivometrics, Inc., Venturs, CA, U.S.A) is s multi-function ambulatory device capable of
simultanecusly monitoring several physiological signals and patient reports of symptoms and well being, The LifeShirt
systemn 5 an extensible data acquisition and processing platform consisting of 3 parts: a garment, a data recorder, and
P(C-bused analysis software. Sensors in the LifeShint garment continuously monitor respiration (via inductive
plethysmography), the electrocardiogram, activity and posture, Other functions can easily be plugged into the system,
including pulse oximetry, EEG/ EOG measurement, blpod pressure, wmperature, capnometry and acoustic monitoring.
Subjective patient data can also be entered into the LifeShirt recorder, and all data are encrypied and wrilten t© a flash
memory card. Vivologic™ analysis software provides full-disclosure analysis and display of high-resolution waveforms
and over 30 desived parameters,. the software also produces summary reports for clinical diagnostic purposes.

The LifeShirt bas been rigorously tested for more than 38,000 hours in 90 studies with 1,750 subjects. The
device has received all necessary regulatory approvals and is currenty used in leading ressarch institutions throughout
the United States, Canada and Burope. Clinical applications include sleep disgrostics, heart disease, pulmonary
disprders, 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
guality of life in cancer and chronic fatigue syndrome).

Key words (title): Ambulatory system, Disease, Health, LifeShirt, Medical intervention,
Multi-function, Meat world

Key words (text): Ambulatery monitoring, Clinical and research applications, Physiology, Multi-signal,
Respiration, Electrocardiogram, Accelerometry, Oximetry, Heart-rate variability, Flectronic diary of patient
sympioms



Introduction

Medical monitoring of health, diseage, therapy and management has almost solely relied upon messurements made in
the physician practice, clinic or hospital setting. Inferences about symptom improvement and quality of life have also
been based exclusively upon occasional self-reports of patients during medical visits. Because the scological validity of
this approach seriously limits our potential to adequately diagnose and trsat patients, there has been increasing interest
in ambaiatory monitoring for 4 variety of conditions. Despite advances made in health-related ambulatory monitoring,
medical practitioners and researchers have remained sedously constrained in their ability to acquire concurrent
assessmenis of multiple physiclogical 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 & single variable {(e.g. the
electrocardiogram or blood pressure}, and this has resulied in iIncomplete information about other relevant physiclogical
and environmental factors likely to contribute to disease or its amelioration. Monitoring of multiple physiological
functions kas been too complicated to achieve and has required special measurement devices that have been
unavailable, 0o expensive, or 100 cumbersome to effectively employ. Concurrent assessment of pertinent information
about patient activities during menitoring has remained difficult to accomplish, although such information is ikely to be
crucial for the interpretation of physiological findings and patients’ perceptions of improvement,

The LifeShirt™: A multi-function ambulatory monitoring device

The LifeShig™ (Vivometrics, Inc., Ventura, CA, 1U.8.A)) is a multi-function ambulatory device capable of
simultanecusty monitoring several physiological signals and patient reports of symptoms and well being. The system is
characterized by an extensible data acquisition ard processing platform consisting of 3 parts: a garment, a data recorder,
and PC-based analysis software (see Figure 1)

LifeShirt
Recnrder
saves daiato
compact flash
memaory card

R?bﬁ%gc fand
for féeniratory
raterand sigh Lot

Abdominal bang
mensures respiration

Figure 1. The LifeShirt system: the monitoring vest und data acquisition and electronic diary unit.

Sensors in or attached to the LifeShirt garment continucusly monitor respiration, the electrocardiogram, activity and
posture. Respiratory measures are derived from thoracic and abdomisal inductive plethysmography bands sewsn into the
Lyera vest. Inductive plethysmography provides the gold standard for non-invasive assessment of respiratory pattern.
The 11.S. National Institutes of Health recognize respiratory inductance plethysmography as the best mon-invasive
method to assess sleep disordered breathing in infants (Ramanathan et al., 2001). The International Task Force of the



European Respirstory 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 (Flemons and Buysse,
1599},

Respiratory parameters derived fromthe  LifeShirt include volumetric (e.g. minute ventilation volume), timing (e.8
respiration rate) and flow {peak-expiratory flow) measures. These measures are relevant for & 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 signal,
yields valuable information regarding activity pattern that aid in interpretation of other signals. The ECG signal is
employed to detect arrhythmic activity and to quantify heart rate variability, Other functions can addinonally be easily
plugged into the LifeShirt system via an available port and concwrently registered, including pulse oximetry, the BEG
and BOG, blood pressure, temperature, capniometry and acoustic monitoring. Subjective patient data (s.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 easliy adapted to any disorder or health-related issue.

All data are encrypted and written to a flash memory card. Vivologic™ aualysis software provides full-disclosure
analysis and display of high-resolution waveforms and over 30 derived parameters (see Figure 2). Physiological data
may be flexibly exporied to spreadsheet programs for statistical analysis based on minute-to-minote averages, breath-
byby breath analysis, or the digitized raw waveform. Moreover, newly developed software is capable of automatically
analyzing segments of data synchronized to patient diary entries {see pink tab in Fig. 2); for example, physiclogical
signal patterns bmmedistely preceding a symptom entry can be simply analyzed to examine whether discrete
physiological changes triggered symptoms. Vivologic software also produces summary reports for cliniesl diagnostic
purposes. Figure 3 provides an exampie of 2 sleep diagnestic report amtomatically generated after visual aditing.

535 5%yt

Figure 2. Sampma “ve panels io the left
{top to bottom} are :ézg ;‘sdai velume resp;rafw} signal, the r:ézcage mspzram:j: sagmz! :he ECG, derwed heart rate, and
total respiratory oycle time. Note the full-disclosure of the respiratory and ECG waveforms. The center pop-up is
close-up of the ventilatory waveform, and the panels 10 the vight are different respiratory flow-volume graphic
relationships. Upper pink tab indicates diary entry.

The LifeShirt system has received all necessary regulatory approvals: 180 9001 certification — October 2001
Buropean CE mark — November 2001
FDA market clearance — April 2002
Canadian market clearance - July 2002
Comphance with 21 CER Pt 11 ~ August 2002



FDA audit -~ December 2002
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Figure 3. Example of a sleep report. Left panel, hypopnea/apnea analysis; middiz panel, oximerry, periodic breathing
and body pasition analyses: right panel, examples of specific parameters.

Real World Applications

The LifeShirt has been rigorously tested for more than 38,000 bours in 90 studies with 1,750 subjects. The units have
also functioned relisbly under a variety of extreme conditions, including U.8. Air Foree plane testing at 7.5G,
mountaineering at 4500 m. Indianapolis 300 automobile racing, and fong-haul teailer trucking driving. Not only is the
system robust, but 1t is extremely comfortable, and user-friendly in terms of patient experience, instrumentation, data
analysis and clinical interpretation.

The clinical applications of the Lifeshirt technology are equally wide-ranging. The LifeShirt makes possible ambulatory
inductive plethymographic measurement of mumerous respiratory parzmeters, Respiration has long been recognized as a
critical indicator of many disease states but has not been previously relisbly measurable in settings outside the hospital,
Additionally, diagnosis and management of the whole range of pulmonary discases from asthma to chronic obstructive
pulmonary disorders is certain to benefit from ambulatory assessment of ventilatory activity during evervday life, since
all currgnt assessment procedures rely on clinical respiratory manesvers and not the spontancous breathing behavior
abrormalitics thet are the source of patiernt complaints.

Clinical applications of the LifeShirt are, however, not Jintited to respiratory disorders. Concurrent measurement of
respiration, activity and other physiclogical signals are important for a host of clinical syndromes and applications.
Active rescarch or elinical investigations using the LifeShirt are now taking place in the areas of sleep disorders, heart
disease, anxiety disorders, dizbetes, cancer, neerological eonditions and fanctional sormatic disorders, such as
fibromyalgia, 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 mosbidity—-would
be greatly improved by taking Into account respiratory and activity measwres that confound HRV assessment {Bernardi
et al., 1996; Grossman €1 al., 1991), which has not been previously possible. Simultancous physiological mositoring
and patient diary assessment of complaints and reported activity can lead to new insights into the reiation between
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Accuracy of Respiratory Inductive
Plethysmography during Wakefulness and
Sleep in Patients with Obstructive Sleep

Apnea*

Jean Paul Cantinequ, M.D.; Pierre Escourrou, M.D., Ph.D.;
Richard Sartene, M.D.; Claude Gaultier, M.D., Ph.D.; and

Michael Goldman, M. D

o assess the seouracy of the respiratory inductive plethys-
mograph {RIP) during sleep in ohese patients with ebstruc-
tive sleep apnea {(5A}, we monitored 13 patients with OSA
during wakefulness and necturnal sleep with simultaneous
messurements of tidal volume from RIP and integrated
girflow. Patients wore o tightly fitting face mask with
preumotachograph during wakefulness and sleep. Calibra-
gons were performed during wakefulness prior to sleep
and compared with subsequent wakeful calibrations at the
end of the study. Patients maintoined the same posture
during sleep {supine, 11; lateral, two) as during calibrations.
There were no significant differences in calibrations before
sleep and after awakening, The mean ecror in 13 patients
undergoing RIF measuwrements of tidal wolume during
wakefulness was — 0.7 £ 3.4 percent while that during sleep
was 2.1+ 14.9 percent {p=<0.001}, The standard deviation
{8D) of the differences between individual breaths meas-
ured by RIP and integrated airflow was 9.8:25.5 percent
during wakefulness and 25.5:£18.6 percent during sleep
{p<0.001). During both wakefulness and sleep, errors in
RIF tidai volume were not significantly cerrelated with
body mass index, In 12 patients with at least 10 percent
tms in each of stages 1 and 2 sleep, SD was greater in

any investigations have demonstrated the accu-
racy of the respiratory inductive plethysmo-
graph (RIP) in normal subjects and patients with
COPD during wakefulness"® using a two-compartment
moedel of the thoracoabdominal wall proposed by
Konno and Mead.” Several diffierent calibration tech-
siques are in use, including the isovolume method,
the two posture method, least squares regression
anglysis, and a “qualitative diagnostic calibration”
Acceptable results have been obtaired during resting
broathing in different body postures, during voluntary
efforts to change the thoracic and abdominal volume
displacements, and during exereise.® Additional re-
ports have agsessed breathing during sleep,*! showing
that calibrutions during wakefulness before sleep and
alter awakening are closely similar. The criterion for
acceptability of “before” and “after” calibrations has
been either similarity to within 10 percent or absence
of 4 significant change in calibration slope. When

*Laboratoice d'Explorations Fonctionelles Respirstoire, Hopital
Antoine Boulere, FNSEBM CIE 8909 Clamart, France.
Manuscript received November 11; revision sccopted Febromry 11,
rint reguests: Dr Cantineas, Service d'ﬁxpﬁ:ﬂ:tion Fenetion-
nedes Respirgivire, Hopltal Antoine Beclere, 52111 Clamart, France

stage 2 sleep compared with wakefulness and stage 1
{p<0001), In three pstients who manifested all stages of
sleep, SD was greater in REM sleep than in wakefulness
and all stages of non-REM sleep {p<0.001). In three patients
who manifested all stages of sleep, 810 was greater in REM
sleep than in wakefulness and all stages of non REM slecp
{p<8.001). This was associated with paradoxic motion of
the rib cage in two patients during REM. We conclude
that, despite increased errors in individual breath meas-
urements during sleep, more marked during stsges % and
BEM slecp, RIP is clinfeally useful to measure ventilation
quantitatively in obese patients with sleep apnea. The
criterion of a decrense of 5 percent in tidal volume assessed
by RIF is apprepriate to define hypopueas in such patients,

{Chest 1992; 102:1145-31)

ALG DIFF=galgebraic difference; Claconfidence intecval
CPAP = contiiaous positive alrway pressure; OSA = obstrustive
sleep apnea; ?ﬁﬂﬁpolyscmﬂosr&ph&q REL DIFF =relative
difference; RiPw wspirnto‘x;y industive plethysmograph; S48 =
sleep apnea syndrome; Vo.=tidal volume measured from
imiegmted pneumotachograph tracing; ¥V, = RIP-derived tidal
volire

these criteria are satisfled, measurements of respira-
tion from thoracuabdominal movements during inter-
vening slesp have been assumed to be relinble.

Recently, it has been shown that 50 percent reduc-
tions in thorscoabdominal movements during sleep
correlate better with hoth desaturation and arousal
frequencies than 50 percent reductions in airflow
measured by sronusal thermocouples. ® However, cal-
ibrations of thoracic and abdominal movements change
between wakefulness and slesp induced by ketumine
anesthesia,™® and one report™ has concluded that RIP
is wnreliahie for quantitative measurement of ventila-
tion in sleeping asthmatic patients. A recent repurt on
unrestrained normal subjects concluded that RIP is
unrelizble for quantitative measurements in normal
subjects who are allowed to chunge body position
during sleep, but KiRderived Hidal volume in these
subjects showed considerahle bias and seatter even
during wakefulness ™

Because assessment of hypopnea is essential to the
diagnosis of sleep apnea/hypopnea, the present inves-
tigation was undertaken in patients referred for eval-
uation of possible obstructive sleep apnea (OSA). We

CHEST /102 / 4 / OQTOBER, 1892 1148
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sought to evaluate the reliability of RIP calibration
during wakefulness for assessing tidal volume during
sleep. We wsed simultaneous measurements of tidal
volume from the RIP and an integrated pneumotacho-
graph during wakefulness and sleep to evaluate RIP
accuracy when calibrations before sleep and after
awakening were not significantly different.

METHODS
Rutients

Twenty consecutive pakients presenting to the sleep laboratory
of the Antoine Bedere Hospital with a history suggestive of sleep
apnea syndrome were requested to participate in the study. After
informed written consent was obtained, all patients underwent
avernighl palysomnographic (PSG) studies. Neither sedatives nor
fiypnaptics were nsed; and six paticals were unable to sleep withaut
substantial disruption due 1o intolerance of the face mask. An
additional patient tolerated the study well, but the thoracic belt of
the RIP failed intermittently during the course of the study. These
seven patients are not included in the present resulty. The charac-
teristics of the remaining 13 patients included in the present report
{ten male) wre listed in Table 1. Mcan age was 53 vears (range, 33
to 69 yeurs), body mass was 89 kg (70 to 129 kg, and apnea index
was 28 (15 Lo 53}

Patients reported to the sleep laboratory at 9 ey after cating a
light meal, excluding caffeinated beverage and alechol. Electroen-
cephalographic {(EEC), submental electromvogaphic (EMG), and
electro-oculographic (EOG) tracings were obtained continuously by
standard neans. Arterial oxygen saturation was measured comtinu-
ously with a pulse oximeter (Ohmeda 3740) attached to the finger.
Respiratary aivflow was measured by a pneumotachograph attached
to a face mask that had a low pressure air-filled cushion, held in
position with an etastic harness over the head and neck to ensure
constant contacl with the face. Tidal volume was obtained by
integration of the airllow signal. Chest and sbdominal RIP bands
were secived with sirips of adhesive tape over the thorax at the
nipple level and abdomen at the level of the umbilicus, below the
coslal margin, and above the iliac crest. Al signals were recorded
on au escillographic paper recorder.

After uniliuizalion with the Jaboratory, patients were instracted
in the performance o voluntary changes of thoracie and abdominal
cliorts during tidal volunes of different size.™ ™ During these
eflorts, calibration consisled of recording thovacie, sbdominal, and

volune signals while one investigator monitored the patients to
ensure Lhat they did not change buody position and another menitored
the RIP signals to ensure that they changed sufficiently and
remained on seale. Calibration coefficieats were caleulated by the
method of linear regression. All patients were instructed in the
perforntance of isovolume maneuvers’ 1o determing the ratio of the
calibration coefficients. This ratio was then compared with that
obtained algebraically from the methaod of linear regression. We
calibrated all patients” thoracie and abdominal RIP signals during
breathing in the posture chosen by the patient for sloeping {supine
for 11 patients, luleral decubitus for two patients). Patients main-
tained this same posture throughout the entire study.

Calibrations were performed approximalely 15 min prior to lights
out, Following calibration, continuous recordings of EEG, EOG,
EMG, 840, thorax, abdomen, and tidal volume were obtained
during wakefulness and sleep, including the transition as the patient
went o sleep. Measurements were continued during sleep for 2 to
4 b, until the diagnesis of OSA was established. The patient was
then awakened and a second calibration was obtuined, after which
patieots underwent therapeutic continucus posilive airway pressure
{CPAP) titration. Tidal volumes from the pneumotachograph were
diseontinued during CPAP titration, because of the difficulty of
obtaining unambiguous respiratory airflow tracings in the presence
of applied nasal airway pressure.

Trucings of thorncic and abdominal displacements were measured
in each stage of sleep when a series of at least 25 consecutive
respiratory cycles were available for analysis. Calibration coefficients
obtained during the initial (prior to sleep onset) calibration were
applied to individual thoracic and ubdominal tracings during wake-
fulness and sleep. The separate thoracic and abdominal volume
contributions were added, cycle by cycle, to obtain the RIRderived
tidal volume (V,,,), according to the following formula:

Vr = YVihoracie + Vabdominal = Kth X Dth+Kab x Dab . . . (1)
where:

Ve = tidal volume measured from abdominothoracic signals
Vthoracic = volume displaced by theracic movemnents
Vabdominal = volume displaced by abdominal movements

Kth = volume-displacement calibration coefficient of thorax
Kib = volume-displacement calibration coefficient of sbdomen
Dth =displacement measured from thoracic RIP tracing

Dub = displacement measured from abdominal RIP teacing.

Tidal volume measured from the integrated pneumotachograph
tracing {Vy,) was compared for each respiratory eycle with Vg, The
onset and end of inspiration were defined by the inteprated sirflow
measurement of tidal volume; and care was taken to measure the

Table 1 — Patient Characteristics™®

Patienl/Sex/Age, yr WT BMI LLAT AW Al MIN <90%
MM3 45 31 5 2 15 73 L7
M7 T4 23 44 6 20 88 1
MY 90 30 853 7 38 80 22
4M/68 125 45 50 2 26 74 7
5/F/61 115 42 1 7 36 82 3
&/F/5% 129 34 3 5 30 75 38
TIM/36 108 34 1 7 25 T4 15
&/M/52 a0 27 8 9 17 90 0
WE/60 81 30 118 4 25 8¢ 26

10/M/48 89 31 62 1 53 76 19
L1/M/55 96 33 50 2 30 kit 12

12/M/6H 125 43 8 2 27 85 65

L¥YM/33 70 21 36 5 16 75 1

Mean 55 99 34 36 5 28 79 17

S 10 19 g 35 2 10 6 17

*WT= body weight in kg BMI =body mass index in kg/m#: LAT = sleep lateney, in minutes; AW = aumber of awakenings after slcep onset;
Al=apnen index (minber of apneashony); MIN = minimum Sa0, during sleep; <90% = total sleep time (percent) spent al SaQ), <80 percent.
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0.10 E onset, RIP-derived volumes were within 5 percent of
b8 ! integrated airflow in 11 of 13 patients and within 8.1
’ | percent in 2 of 3. Calibrations performed prior to
2.8/ . sleep onset and after awakening were within 5 pereeat
i of each other ins 6 of 13 patients and within 9.6 pereent
F 0041 in 7 of 13. Figure 1 shows a representative series of
calibration breaths in one patient. Thoracie displace-
2 0021 ment divided by tidal volume is plotted on the y axis,
and abdominal displacement divided by tidal volume

ooni o - .
is plotted on the x axis. The y- und x-intercepts of the
. 040 line of regression vield the thoracic and abdominal
calibration coefficients, respectively. The mean corre-
- 004 tation coefficient (1} between pueumotachograph- and

001 000 0D 002 003 004 005 006 007 o .
DasfVrR RIPderived tidal volumes was 0.85. In ten patients, ¢

. L. Thorseic (D and sbdominal (D) disga way greater than 0.95, in two patients it was between
GuRE 1. cacic ) abdomi splacements , 1 3 . i

divided by directly meus:i:ed tidal volume (V) zzrim; calibration. 0.8 and E}}S, and in ﬂiie g m‘m“m}g onc p{ttlerit,
Yoints at the extreme upper left (to eft of O abscissa) represent r=088. There was no significant difference in the
slight abdominal paradox during the calibration breaths and those slope of the regression line, mean thoracic or abdom-
# the extreme lower right (below 0 ordinate) represant thoractc inal calibration coefficients, or the ratio of these

paradox. Solid line is regression lne (r=0,98).
o { ' ecefficients before sleep and after awakening; and
vohumes displaced by thoracic and ahdominal movemants only there was no significant difference between this ratic

between the imes of onset and end inspiration. This avolds ervorsy and that obtained by the sovolume efforts performed
due to asynchronous movements of thorax and abdomen, when prior to Slt:cp

maxioul compartmental amplitudes miay be grouter than indepen-

dently messured tidal volume® The algebreic difference (ALG Only thr?ﬁ patients achieved REM sleep Mth the
DIFF) was calculated between ¥y, and Vi, and the relative face mask in place. These three and ooe additional
difference {REL DIFF) was caloviated as ALG DIFF x 106V, patient also manifested stage 3/4 sleep. In the remain-

Validity of Vo, was evalusted in terms of accaracy relative to Vi ing nine patients, we have respiratory data only during

and precision.® Acouracy was quantified by the mean slgebraic of — lefilness and stages 1 and 2 sleep. In total, 1,009

relative differences between the two methods of measuring tidal siratory cveles d duri akefilness
volure. Precision was guantiBed by the standard deviation of the respiralury {ycies were Measured uring wakeliiness,

differences (independent of algebraic sign) between the two metix and 2,973 cycles were measured during sleep in 13
ods. subjects. We measured 889 cycles in 12 subjects during
stage 1{75 =42 per patient), 1,618 cycles in 13 subjects

RESULTS during stage 2 {124+ 113), 260 cycles in four subjects

Calibrations before sleep and after awakening were during stage 34 (5235), and 196 cycles in three
acceptably accurate in all patients. Prior to sleep subjects during stage REM (67 % 25} Average moni-

Table 2— Accuracy (ALG DIFE, REL DIFF),* and Precision ($D] of RIP-Derived Tiddal Volume

Awpke Aslesp
ALL DIFF, REL DIFF, AL [HFF, REL DIFE,

Patient ml £D, gl % 50, % ml S, mi & 5B, %
1 ~1.6 34.1 0.3 8.7 — 156 324 - 14,5 3T
2 4.5 56,8 4.3 6.4 36.6 108 82 5.8
3 ~40.0 41.3 -8.0 127 ~ 56,0 51.7 - 30 iBg
4 - 144 3.6 - 3.5 57 42.6 166 29.8 e
5 2.0 178 2.8 2.5 ~5.4 144 14 25
§ -19.1 168 ~ .4 18.6 -Bd.4 2% 5.6 .2
i 3.9 532 21 35 ¥ 58 3.0 4.4
8 7.8 2.6 -L3 3.6 iR 134 138 333
4 -3.5 .7 0.2 8.3 - 34.9 34.0 87 S8

19 .1 K" N4 22 5.0 31 55.0 i5.2 20.2

11 2.0 83.1 8.7 118 39.5 #2.5 17.2 3540

12 - 945.7 56,9 -4.9 10.0 - 138 6.1 —~28.1 134

13 ~7.8 69.9 31 8.3 1.3 96.3 B.4 8.5

Moan 8.08 64,7 3,7 9.8 - 12.7 120 2.1 5.3

3D 23.3 48.1 34 55 4.3 76.8 4.9 18.8

#ALG DIFF =algebraic difference hetween mean Vo, and V. i1 mulilliters; REL DIFF = difference between meun ¥y, and Vyn, In peecent
tidal volume.
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toring time was IS0x48 min, with an average of
44+ 23 percent in wakefulness, 14+ 5 percent In stage
1, 33218 percent in stage 2, T2 1] percent in stage
¥4, and 2 * 4 percent in stage REM.

Table 2 shows for each patient the accuracy and
precision of RIF-derived tidyl volume and means for
all patients during wakefulness and sleep. Aceuracy is
given by the algebraic or relative differences (ALG
DIFF and BREL DIFF, respectively) in tidal volume
between the RIP and integrated sirflow. During wake-
fulness, estimated mean tidal volume from the RIP
provided a useful assessment of minute ventilation.
The algebruic difference between RIP and integrated
flow was Jess than 43 ml in all patients. In no patient
did RiPderived mean tidal velume differ by more
than B percent from integrated airflow during wake-
fulness. The number of cycles was not identical for
each patient (awake mean=77+21; slesp mean=
229+ 152). For all respiratory cycles during wakeful-
ness {n=1000} the mean slgebraic difference was
2.89 mi, (elative difference=0.04 percent]. These
differences were not significantly different from 0.
Prevision of the RIP (8D of difference hetween Vi,
and V) was within 10 percent in nine of 13 patients,
8D ranged from 21 mi (4 percent} to 179 ml (22.5
percent). For all cycles during wakefulness, the SD
was 73 ml (10.5 percent). The 45 percent confidence
interval {CI) for RiP-derived tidal volume during
wakefulness was — 21 t¢ +21 percent relative to
integrated sirflow. Figure 2 shows the relation between
MR and preumotachograph-derived tidal volume for
all eveles measured during wakefulness in all patients.
The large majority of cycles full relatively close to the
line of identity, with somewhat more dispersion at
tidal volumes greater than 600 ml.

During sleep {all stages considered together), the
RIP was not as accarate (Table 2}, Five patients showed

1148

©  2O6 400 80 AO0 1000 1200 1400 1800 1800 soop Junction of tidal volume from integrated airflow (V)

during wakefulness {n=1,008). The Hne of identity is
shown.

algebraic differences greater than 60 ml. RIPderived
mean tidal 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
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-
cantly different from 0. Precision was less during sleep
than wakefulness in all patients except one; it was
within the limits observed during wakefulness (22.5
pereent} in only eight patients. In 7 of 13 patients, SD
of the difference between ¥y and Vg, was loss than
100 ml; in 3 of 13 patients it was between 100 and 150
mk and in 3 of 13, it was between 165 and 325 ml. In
the latter six patients, two showed larger percentage
errors in large tdal volomes, two o small tidal
volumes, and bwo had relatively uniformly distributed
percentage errors. For all respivatory cycles during
sleep, S of the difference between Vi, and Vi, was
130 ml {33 percent). The 95 percent CI for R1P-derived
tidal velume was — 61 percent to + T1 percent relative
to integrated airflow. Precision of RIP-derived tidal
volume was significantly less during sleep than wake-
fulness (2=7.43; p<0.001) Errors in zll sobjects’
respiratory cycles during sleep showed nio correlation
with body masy index (BMI). Figure 3 shows the
relstion between RIP- and pneumotachograph-derived
tidal volume for all cycles measured during sleep in
all patients. The majority of cycles fall relatively close
to the line of identity, with a clear tendency for greater
dispersion at volumes sbove 800 ml.

With regard to sleep stage, there was no statistically
significant difference between wakefulness and stages
| and 2 i aceuracy in patients with at least 10 percent
time in each of stages 1 and 2 sleep (n= 12). However,
the precision of RIP was significantly less in stage 2
{SDr= 122 ml) than awake (SD =74 ml} or stage 1 sleep

Accuracy of Respleatory Inductive Plethysmography (Cantitens)
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(§D=101 ml) (p<0.001). In patients manifesting all
sleep stages (n =3}, there were again no differences in
accuracy, but precision was less in stage 2 sleep
{513 = 148 mi} than awake (SD =41 ml} (p<0.05); and
significantly less in stage REM (SD =276 ml) than
stages 1 (SD=53 ml), 2, or 34 sleep (SD =83 ml)
{p=<0.001).
Discussion

The present study shows that use of the RIP in
obese patients with sleep apnea syndrome (SAS) is
acceptably accurate for estimating minute ventilation
during wakefulness. Acouracy of our measurements
using the method of linear calibration is comparable
to that previously reported for nonobese sub-
jects.2&-W5 A recent study in young normal subjects
showed a bias (algebraic difference between RIP- and
pacumotachygraph-derived volumes} two to eight
times larger thae in the preseut study, with a mean of
— 14 percent.™ The precision of the present method
permits delermination of quantitative changes in tidal
volume on & breath-by-breath basis to within 10
percent in two thirds of the patients, and to within 13
to 23 percent in the remainder We measured respi-
ratory cycles during wakefulness at the beginning of
the night just after calibration, in the middle of the
night, and at the end of the study, 2 to 4 h later. Thus,
the present results inclnde a time Factor comparable
to that encountered during measurements of respira-
tion during sleep. Absence of a significant difference
between calibrations at the beginning and end of the
study suggests that this time factor was not of major
importance in reducing precision.

RIP accuracy and precision were significantly re-
duced during sleep. The accurscy of the RIP for
estirating minute ventilation appears to be acceptable
even during sleep in these obese patients, with an
overall mean of relative differences from integrated

0 200 400 600 800 1000 1200 1400 1800 1800 2oog Frouvae 3 RiPderived udal volume (V) plotted ssa

fagetion of tidal velume from integrated alrflow (V)

during sleep {n = 2,973} The line of identity iz shown.
airflow of 5.2 percent. This is comparable to that
vbserved in asthmatic subjects during sleep in the
absence of lower rib cage paradox® and somewhat
better than recently reported results in normal unre-
strained subjects.

Precision of the BIP during sleep in these obese
patients shows a clear Hmitation. The SD of all
differences between RIP and integrated airflow during
wakefulness was 10.5 percent while that during sleep
was three times as large (33 percent). Thus, minute
ventilation averaged over a number of cyeles may be
accurately sstimated during sleep in obese patients
with 8AS, but Jocal transients such as bypopueas of a
few breaths may be estimated less accurately. The
corrent definition of a hypupnea as a fall in ventilation
of 30 percent or more!® appears to be a useful guide
for obese patients with SAS, since it is between the
SD and 95 percent CI in the present study In
unrestrained subjects, use of continually updated
amplitude criteria (50 percent fall in abdominothoracic
movements relative to immedintely preceding minute
ventilation} as recommended™® provides an appro-
priate refsrence for assessing hypopnea.

A number of factors may contribute to errors in RIP
tidal volume during sleep. Some asynchrony between
thoracic and zbdominal movements was ohserved in
the patients in the present study We measured the
compartmental contribution to tidal volume using the
ounset and end of inspiration determined by the
poeumotachograph to avoid any errors due to asyn-
chrony.®® Movement of thoracic or abdomingd RIP
bands could cause errors during sleep, but we fixed
the baads at several sites with small adhesive strips,
and verified their positions at the end of the study
Furthermare, if movement of the bands contributed
to greater measurement errors during sleep relative
to wakefulness, we would expect different calibration
facturs after the period of sleep messurements. This

CHEST / 102 / 4/ QCTOBER, 1982 1149
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was pat ehserved. Change in position of the patient is
similarly not likely to be 3 major factor in explaining
the decrease in accuraey and precision of the RIP
during sleep, Oar paticnts maintained g fixed posture
throughout the study, verified by direct visual obser-
vation. Those who slept in the lateral decubitug
posture might be expected to show larger ervors due
to undetected position change if this were 4 major
catse of ervor, This wus not the case in the two patients
who maintained the lateral decubitas posture.

The majovity of our slesping measurements were
made during stages 1 and 2 sleep, similar o those of
Ballard et al.** We: inchuded respivatory cycles over a
wide range of tidal volume, excluding the first respi-
ratory cycle during the hyperpneic “breakthrough”
respiration following obstructive apneas in order to
avoid artifacts of body mevement. Nevertheless, a
higher percentage of respiratory oyeles during stuge 2
sleep were large tidal volumes, which were associated
with larger ervors durving buth wakefulness and sleep.

Relatively fow respiratory cycles were availuble
during BEM sleep in the present study In those
patients exhibiting REM sleep, theve was a signifcant
decrement in RIP precision compared with wakeful-
ness and non-REM sleep. This is in accord with results
reported in animals® Estimates of tidal volume based
on 4 two-compartment model may be in error if the
model s not appropricte to the behavior of the
thorucoabdominul wall. During REM sleep, there is
markedly decreased tone in intercostal muscles fead-
ing to a change in thoracoubdomingd mechaniost
and distortiun of the thoracosbdominal wall, com-
monly with paradoxic inward mation of the thorax
during inspiration. Such parsdoxic mward mation of
the thorax was observed in two of the three patients
in the present study who muanifested REM slewp,
Similar thoracic paradex has been observed in asth-
matic subjects o tetraplegios,® during halothane
atesthesia,® and in newborn humans.® Under thess
conditions, the two-compartment model of thoraco-
abdominal motions may not be wlid in infants and in
adult asthmatic subjects. ' ® ha effect, the thorax does
not beluve with a single degree of freedom, bat rather
the upper and lower portions move asynchronously.
The deereased precision in REM in the present study
was pot related to BMI, sinee the subjects who
manifested REM {i, 8, 13} were among those with the
lowest BMI.

In summary, we have shown that least squares
calibration of the RIP during wakefuless provides »
useful quantitutive estimate of tidul volume in obese
patients with 3A% during wakefulness. During sleep,
accurscy and precision of the RIP are significantly
decveased in obese putients with SAS, but ervors are
not correlated with BMI. Minute ventilation was
estimated with a mean ervor of 5.2 percent during
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sleep in patients in the present study. REM sleep was
associated with larger errors in RIP estimation of tidal
volume than guiet sleep, which may be explained by
thovacoshdominal distortion during BEM slesp. The
eritericn for hypopuen of a decrement of 50 pereent
in ventilation as measured by the RIP has been closely
associated with desaturations and arousals.? These
authors suggested that althongh ventilation can ooly
be measured semiquantitatively™ in unrestrained
sleeping subjects, inductive plethysmography ap-
peared clinically uscful. Although errors may be
greater than observed in the present study during all-
night vecordings with a larger percentage of time
asleep and especially in REM sieep, the present results
support the clinical use of RIP in obese patients with
5AS.
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Accuracy of Respiratory Inductive
Plethysmography for the Diagnosis of
Upper Airway Resistance Syndrome*

Daniel . Loube, MD. FCCP; Teotimo Andrada, MS; and Robin 5. Howerd, MA

Objective: To determine the sensitivity and specificity of quantitative respiratory inductive
plethysmography (RIP) compared with the “gold standard,” nocturnal esophagesl pressure {Pes)
measurement, in the diagnosis of upper airway resistance syndrome (UARS) in adults.
Methods: Fourteen consecutive patients without obstructive sleep apnea and suspected of having
UARS underwent simultancous measurement of Pes with a catheter and standard noctornal
polysomnography along with RIP. UARS events (RERAs, respiratory effort-related arousals) were
identified by observing erescendo changes in Pes with a Pes nadir 5 ~12 em H,0, followed by an
arousal or micrearousal. UARS was defined as 2 10 RERAs per hour. For each patient, the ratio
of peak inspiratory flow to mean inspiratery flow (PIFMF} measured by RIP was performed
during quiet wakefulness and with 40 randomly selected breaths in the supine pesition for two
conditions: stage 2 sleep, immediately prior to arousals in any sleep stage, The mean PIFMF
{wake-sleep) was ealculated for each condition.
Results: The sensitivities and specificities, respectively, of RIP to distinguish UARS patients from
non-UARS patients are from stage 2 sleep (67%, 80%}, immediately prior to arousals (100%,
100%). For breaths ocewrring immediately prior to arousals, the mean PIFMF (wake-sleep}
is = .13 for UARS patients and < 0.13 for non-UARS patients.
Conclugion: The PIFMF measured by RIP allows for the most accyrate identification of UARS
patients when breaths are selected for analysis immediately prior te arousals.

{CHEST 19499; 115:1333-1337)

Key words: obstructive sfeep apnea; polysomnography, respiratory inductive plethysmography; appor aicway resistance
syndrome

Abbreviations: AMI = gpnoelypopnea index; BMU=body muss odex: NPSG = nocturnal polysommography:
OSA = obstruetive sleep apmea; Pes = gsophageal pressere; PIFME = peak inspiratory flow to mean flow ratio;
RERA = respisatary effort-related  arousal: BIF = rospicstory inductive plethysmography: UARS = upper airwuy

resistance syadrome

pper airway resistance syndrome {(UARS) pa-

tiemts present with complaints of excessive day-
time sleepiness and do not have obstructive sleep
apnea (OSA) on evaluation ?)y standlard nocturnal
polysomnography (NPSG1! The diagnosis of UARS
is niade when nocturnal esophageal pressure {Pes)
mienitoring demomstrates crescendo €§tzzlnge§; in in-
trathoracic pressures followed by frequent arousals
or microarcusals 2 Alternative methods to Pes mon-

*Fronn the Sicep Disorders Center, Pulmonary wnd Oritiead Care
Medicine Serviee, Walter Reed Avmy Medical Conter, Washing
om, 1IE0 )
The opinions or asseriions contained herein are the privite views
ol the avthors and do vot necessarily veprasent the epiaion of the
Pepurstsent of the Arny or of the Department of Defense,
Munuseript recoived fudy 300 1998, rovision sceepted Novembur
18, 108K,

Correspondence fo: Daniel 1 Loube, M, FCCE, Director, Sleep
Dtsareters Center, Walter Beed Ary Medicel Center, Wash-
ingdon, DO ZU307-5001; vanail: MAJOR.DANIEL LOUBE®
WRAMC F-umedd.army.mid

itoring that have been studied for use in the diagno-
sis of UARS include semiquantitative analysis of
transduced nasal pressure waveform® and measure-
ment of pharvngeal closing pressure.? None of these
alternative methods to Pes monitoring are consid-
ered to be sufficiently validated a5 to be recom-
mended for widespread application by a recent
consensus group assessing the diagnostic accuracy of
techniques tor the measurement of sleep-disordered
breathing®

Few clinical sleep disorders centers in the United
States routinely utilize Pes monitoring to diagnose
UARS.® Factors preventing the widespread use of
this technique include patient cefusal or intolerance?
and the requirement of additional technical expertise
and expense. Thus, many patients are diagnosed as
having UARS presumptively, without Pes monitor-
ing, on the basis of the qualitative perception of
possible respiratory-related arousals from standard
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NPSG. To date and to our knowledge, no studies
validate the use of standard NPSG alone as an
aceurate method for the diagnosis of UARS.
Quantitative respiratory inductive plethysmogra-
phy (RIF} measurements are based on the detection

of changes in volume of the chest and abdomen over

the breathing cycle. The sum of these measnrements
has been demonstrated to provide an estimate of
tidal volume i calibration is maintained.® Assess-
ment of the degree of asynchrony hetween chest and
abdominal measurements during sleep allows detec-
tion of hypoymeas, whicl correlates closely to events
detected by pnewmotachometer.” Based on the ob-
vious need to diagnose UARS without Pes wmonitor-
ing, the current ‘;ts:s(fiv seeks to determine if BIP is
aceurate tor this purpose.

MATERIALS AND METHODS

FPatients

Approval for this study was obtained by the Institutional
Hoview Board and Human Use Committee of the Popartment of
Clinical Pwwostigatios a3t Walter Reed Army Medical Center.
Patients with symptems suggestive of sarcalopsy or other sikely
nenrespliratory steep disorders weee excluded from study partic-
ipation. Over a 3month perind, 84 sdult paticnts, with 2 median
age of 34 years (range, 18 1o 458 vears) and wiediun body mass
inchex (M) of 27 kg/m™ {ramge. 25 te 29 kefm ™, recoived NFSC
for the evaluation af complaints of witnossed apnea, snoring, and
excosstee davtime slecpiness,

Polysomnograply

All patients roceived an initid 12-channel NPSG (Somnostar
4100 systemn; SensorMedios Corp: Yorba Linda, CA) that in-
cluded the §ulkm&f‘; stanclard parameters: contral and vecipital
EEG, right and loft duf!()-mﬂ!{}zmm digastric and tibialis
clevtroimvogran, contiuous aicflow by sronssal femperatuse
thernistor, chest wall exeursions by thoracte and abdominat
inductive plethysmagraply, heart rate and rhythm by BCCG,
oxvhemoglebin saturation by pulse oximetry, zad scoustic yon-
itoring of snoring somds. The NPSGs were scoved using 30
epochs following the Rechtschaffen and Kaleg® riteria for
lcw.’\m«* determination and sleep. xtag,m&, Arousals were des
fine d as > 3 5 of u shift 0 alpha or thels EEG activity from a
sl | M,z{wmu a frequeney. Microwronsals were defined us
1 but <23 s of @ shift to alphu or theta EEG activity Jrom 2
slower background § frequoncy. k%mpzmi’(m tracings wore evahie-
ated for the prosence of apnea, which was defined as complete
abenee of oronagal thermistor airflow for at feast 10 5, Obstrue-
tive lypoprea was dofined ws 2 50% deerement in pronasad
airflow for at loast 10 s asseciatod with evidenee of tnercasing
respivatery offort as messarcd by qualitutive inductive plethys-
mography. The requircment of 2> 4% deercase in oxyhemoglobin
saturation From baseline was not used because the proseat study
evaluated paticers who wore foss likely to desaturate than typacal
(SA putionts who have deceoased lung oxygen stares due to
ohesity wind advanced age? Patients were considered 1o have
OSA if NPSG demonstrated an apnes-hypopnea index (AHIT,
apneay wd hypopnoeas per hour) 2 10,
For patients whe did not huve O8A, dwe following night a

1334

seconed NPSG was performed, which inchsled the standard
12-channel recording montage aong with the additional mes-
surement of Fes with o 2.7-mm-diasmeter clectronic prossure
catheter {Gacltec; Hackensack, NJ} with the tin pesitioned in the
midesophuagus by sadiograph. Onee correctly pasitioned, the
cathetor was seewred st the nose with adhesive tape. The catheter
tip transducer was referenced to atmosphoric pressure and
calibiruted with a wator wanometor to 30 cmand +30 om H,0,
UARE pvents (RERAs, resphratory offunt-related arousals) wave
identifivd by ebserving creseendo changes in Pes followed by an
EEG arousal. Events wore scored only if the most negative Pes
exceeded the bascline wake minimam negative Pos hy 50% and
was = —12 ain Ha08 The UARS Index was dofined as the mean
namber of RERAs per hour over the course of the night. Pafients
were considered fo have UARS F the UARS index was = 10
evints per howr,

Quuntitative BIP

Along with Pes monitoring and standard NPSG, RIP was
vecorded shuultaneously (Somnn$tar PT; SensorMedics Corpl.
The input leads for RIP consist of two cloth belts that cover
curved wires that encircle the chest and ahdomen, Initial cali-
bration of the rheage and abdominal signals were performed
curing the first 5 min of oporation using the qualitative disgnostic
calibration procedure.

A software program {ResptBvents; SensorMedics Corp) allows
for the breath-hy-hreath calendution of the peak inspiratory flow
to mean inspiratory flow ratic {(PIFMF). The PIFMF value &3
1.57 {m/2 ¢ raclius) when the BiP-derived flow waveform s
completely rounded, indicating normal pharyngeal cesistance. As
the flow waveiorm Hlattens, indivating increased pharyngeal
resistance, the PIFME wvalue approachos 1.0 Figure 1 a
(]i'dgﬁli‘fﬂfﬁati(: I’Ui}f@suiltuﬁi}ﬂ {3{ ﬂ‘zCS(‘ VAritRIE ‘é’}.i‘r’l’.ff()ﬁ'ﬁi ’rl[](l
valucs, For cach pationt. FIFMF measurements were performed
during quict wakefulness and with 40 raadamly sclected broaths
in the supine position for two conditions: stage 2 slocp, immedi-
ately prior to arousals.

Statistical Analysts

For supine, stage 2 sleep. portions of the study with > 3 min of
this condition were identified. Starting with the sccond consee-
utive 30-s cpoch of this condition, = mmdﬂm tumber genorstor
was wied (with a range of 5 to 20} to count sebscaquent breaths
andd iddentify these for anadysis, For supine breaths prior to an
arowsal, a random sumber generator was used to identify 305
epochs. I the epuch contained an arousal, the breath prioy to the
arcusul was dTldl}/Ld

Data are oxpressed s the mean (£ 80} undess otherwise
stated. The association of the change in PIFMF (wake-sloep}
with the change in Pos for cach condition was evaluated using
Peason's correlation coofficient. Correlation coeffcients be-
rween the PIFME {wake-sleep} and Pes were performed using
the mean of the Pos nadirs Tor all 40 beeaths for cach patlent

7N
\
PIFMF: LSO 30 1135

Fioune 1. RIP-derived flow waveform contours for varying
:3;;:&363 of airflow ohstruction with corresponding PIFMF ratic

Clinical Investigations



under both conditions. The change in PEEMF (wake-steep] was
compared between the UARS and non-UARS groups using the
Wilcozan rank sun test, Reeeiver oporsting characteristic analy-
sis wus used to determine the sensitivity and specificity at
differear values for the change in PIFMFE {wake-decp). Statistical
sigrificance wag sccepted for p = 605,

ResuLts

Polysomnographic Characteristics of Patient
Groups

Standard NPSG was diagnaostic for OSA in 50 of
the 64 patients, The median AHI of the OSA group
was 24 (range, 14 to 51). The 14 non-OSA patients
had a median AH! of 3 irange, O to 6). These 14
patients recetved a second NPSG with Pes measure-
ment and RIP. Nine of the 14 non-QSA patients met
the diagnostic criteria for UARS, 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 * 132
em HyO vs —6 £ 3 em Hy0.). Figure 3 illustrates
the distribution of UARS indexes for the UARS vs
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FiGunEe 2. Pos nadir over the course of an entire night for UARS
and non-UARS patients.
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FIoURE 3. Number of RERAs for UARS and non-UARS pa-
tients,

non-UARS patients (respective means, 31 %9
evenls per hour vs 2 = 2 events per hour}, The five
non-UARS patients exhibited the least negative Pes
nadirs and the lowest UARS indexes, with no evi-
dence of overlap with the UARS patients. The total
arousal index was increased in the UARS compared
with the non-UARS group (23 £ § events per hour
vs 12 = & events per hour, p = 0.03). Sleep stage
distributions for the UARS group and non-UARS
group are compared in Table 1. The UARS and
non-UARS groups were similar with respect to the

Table I—Cemparison of Demographics for the UARS
and Non-UARS Groups*

BMI, Epworth Sleepiness
Group Age, yr kgim? Scale Score
ARS Re-g 273 LY 14x4
Non-UARS B0 7L 31 113

*Values expressed as mean % 81D, p Values were not significant for
comparisons betwoen 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.

Demaographic Characteristics of Patient Groups

Table 2 demonstrates that the mean age, BML
and Epworth Sleepiness Scale scores were similar for
the UARS and non-UARS groups. The age and BMI
were typical for UARS patients, as these patients
tend to be younger and less obese than OSA pa-
tients.'* The Epwaorth Sleepiness Scale scores sug-
gest hoth groups perceived excessive daytime sleep-
iness, as seores in this range are typical tor patients
with untreated sleep dxsorders i5

Evaluation of RIP for Diagnosis of UARS

The correlations of PIFMF {wake-sleep) and Pes
were significant for the combined UARS and non-
UARS  patient groups during stage 2 sleep
r= 070, p= 04035 and for breaths occutring
immediately  prior  to  arousals (v = -0.82,
p= 0.018). These correlations were perforied us-
ing the mean of the Pes nadir for all 40 selected
breaths lor each individual patient wnder both con-
ditions.

For stage 2 sleep, there was no significant ditfer-
ence between the PIFMEF (wake-sleep) for the
UARS and non-UARS groups (G161 £ 0.122
vs 0.099 * 0.022; p = (.36} For breaths oceurring
immediately prior to arcusals, the PIFMF wxake»-
sleep) was increased for the UARS group compared
with the nou-UARS group (0.228 £ 0.098 s
0.099 + 0.022; p=0001), The evaluation of
PIFMF {wake-sleep) to detect changes in Pes for
either stage 3 or 4 sleep was precluded by the short

duration (<035 min; of these sleep stages in four of

the nine UARS patients. Breaths in stage REM sleep
were not evaluated hecause it was expected that tidal
breathing would vary appreciably [rom breath to
breath, vesulting in decreased utility to distinguish
the patient groups.

The sensitivity and specificity of RIP to distinguish
UARS from non-UARS patients using the PIFMF

Table 2-—Perceniages of Tatal Time in Bed for the
Varicus Sleep Stages and Wakefulness in the UARS
Group Compared With the Non-UARS Group*

Wake, Stage 1, Stage 2, Stage 34, Stage BEM,

% % % % %
UARS §x5 0x6 s6x12 § = 54 18 £ 7
Non-UARS 5223 723 6010 IT+8 2+4
*Values expressed as mean 2 S0, REM = rpid eye movement.

to = 0038,
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FIGURE 4. Receiver operator characteristics curve for stage 2
sleep in the supine pesition, plotting sensitivity and specificity
simultaneously across a range of thresholds for the difference of
the pesk nspiratory flow to mean flow ratio during wakefulness
and sleep.

(wake-sleep) for stage 2 sleep is presented in Figure
4. The greatest diagnostic accuracy for stage 2 sleep
oceurs at a entoff of 0.1 PIFMF {wake-sleep} with a
sensitivity of 67% and specificity of 80%. For breaths
accarring immediately prior to arousals, PIFMF
{wake-sleep) had a greater diagnostic accuracy, with
a sensitivity and specificity of 100%. All UARS
patients demonstrated a PIFMF  (wake- sleep}
z 0.13 for breaths occurring immediately prior to
arpusals and all the non-UARS patients demon-
strated a PIFMF (wake-sleep) < 0.13.

IDIscussioN

This study demonstrates that RIP can aecuratefy
distinguish UARS from non-UARS patients using
the analysis of PIFMFE (wake-sleep). However, 2he
most accurate application of this technique requires
analysis of breaths prior to an arcusal in the supine
position. This application requires that the RIP
signal be integrated with EEG signals. It is logical
that the PIFMF (wake-sleep) is most useful prior to
arousals in UARS patients, because these arousals
are typically preceded by RERAs, RERAs are char-
acterized by a crescendo pattern in intrathoracic
pressure with a wadir 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 asynelvony between the chest and abdom-
inal components of RIP and results in a RIP-derived
flow waveform that suggests flow limitation.'® Only
breaths ocewrring prior to an arousal, rather than
prior to a microarousal, were analyzed because of the
potential difficulty in the reproducibility between
individual scorers in the detection of microarous-
als.1?

Clinical Investigations



Whyte et al' demonstrated that there is diffienlty
in maintaining the calibration of RIP when it is used
a5 @ measure T of tidal volume over the course of a
night of sleep in normial subjects. The current study
did not seek to reproduce these findings in UARS
patients, hence a pneumotachometer was not used to
calibrate the RIP or to document initial wake con-
cordance between specitic RIP-derived measures
and tidal volume. Berg et al'® found that RIP, nasal
pressure fransduction, and the widely used oronasal
thermistor are not aderuate i comparison to the
direct measurement of minute ventilation when
these are utilized to detect hypopmeas. However, the
current study was designed to determine it a RIP-
derived measurement can distinguish UARS [rom
non-UARS patieuts, although the woderate degree
ol correlation between individual Pes measurements
and PIEMF (wake-sleep! tor breaths selected from
stage 2 sleep are consistent with prior studies.

Hosselet et al*® recently demonstrated in w study

ol 14 patients that the semiquantitative analysis of

nasal presswee waveform contour allowed for nine
OSA patients to he distinguished from five non-OSA
patients. Nasal pressure wavelorm contours were
gualitatively graded as norual, mtermediate, or flat-
tened (flow limited). This siudy included only one
patient who may have had UARS, hut Pes was not
monitored. The current study uses PIFMF to quan-
tify the degree of wavelorm contour flattening, al-
though the requirement to select breaths prior to an
amuqai to obtain optimal accuracy suggests RIP is
also a semiquantitative method for identifying the
increases moupper airway resistance that occur in
UARS patients.

In conclusion, measurcinent of PIFMF {wake-
sleep} for breaths randormly selected immediately
prior to an arousal in the supine position allowed tor
the accurate identification of UARS patients {rom
non-UARS patients, Randomly sclected  breaths
from stage 2 sleep were not as accurate for the
identification of UARS patients. Integration of RIP
with standard NPSG should allow for the diagnosis
af UARS without measurement of Pes,
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Public Comment (CAG-0093R) Condir )

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.
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Ovetrview

m 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.

m We have additional supporting information, both
clinical and financial.
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m We are respiratory expetts.

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
of DME/HME Medicare &
Medicaid reimbursement
experience.

Our Expertise

m Our Director of

Respiratory Therapy was
our primary clinical
consultant for this repott.

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.
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m 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 faillure have sleep apnea. Recent health
reports state heart failure 1s still the No. 1 cause of death 1n
the U.S. How many Medicare patients have heart failure?

m Recent CDC study shows that 65% of Americans are obese
(seference noted in report. /A8 baby boomers continue to age, this

statistic will have a significant effect on Medicare and
Medicaid spending.



The Future (Cont’d)

m Study at RTT 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.

m Another article estimates up to 25 million people in the
U.S. currently suffer from OSA & many of these cases
remain U.ﬂdiagﬂosed (teference noted in report).

m Over the past five years, the number of diagnosed
OSA/SDB cases has grown dramatically.
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< A Method Already in Use

m Kaiser Permanente, one of the nation’s largest managed
care health plans, uses home sleep study testing as the
primary clinical pathway for diagnosing OSA/SDB for
all ot their patients.

m Home sleep studies are also employed by the
Department of Veteran Affairs in Salt Lake City, Utah as
the primary method of diagnosing OSA/SDB.

m University of California Medical Centers also use this
diagnostic method.
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Clinical Findings

m 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.

m 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 Amencan College of Chest Physicians].
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¢ AHI Comparison

B 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.

m 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 chnically significant in diagnosing OSA.
Dr. Davidson referred to this AHI marker as an
imaginary “magic number” that is mostly outdated.
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§ % The “Gold Standard”

m 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.

m However, an AHI is not an absolutely accurate number,
such as Hematocrit. There is significant night to night
vartability. Although clinically, we presume we must
measure up to PSG and mathematically attempt to do
this, neither test is completely accurate.

m An AHI is an estimation of a respiratory event. It is not a
perfect number and cannot be evaluated as such.
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< Sample Studies (Cont’d)

m /9 patients were tested simultaneously with
PSG and home sleep study. AHI correlated
with r = .90. Sensitivity was 97% and
speciﬁcity was 93%0. . Alymow et al. [Essen, Germany) Poster 659—

International Sleep Meeting — Sydney, Australia, Cirva 7999). Embletta, Flaga unit was used.

m 116 patients underwent the same type of
simultaneous study. At an AHI>10, sensitivity
was 95% & specificity 92%. For an AHI of 30,
sensitivity was 100% & specificity was 97%

Ballester et al. (Batcelona, Spain), Ex Regpsr [ 2000; 16:123-127). Sibel Home-300 unit was used.



Xéfr{ftzw f.{z};m ﬁeé{f&f ,gw
AR

m 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.

m 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.

~= 7 Some Patients Require PSG

m 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 ' o M
such as PLM (periodic leg G MVX ﬂ
movement) disorder and

obesity related v’w g

hypoventilation. w

These patients represent a
very small percent (in fact, a
smaller percent than the
conservative figures we noted
above).
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m HSS measures bed time vs. sleep time. If this
NCD 1s approved, a change would have to be
made to the current NCG used to determine
CPAP/BIPAP medical need. Current guidelines
state a patient must have 120 minutes of “recorded
sleep.” HSS do not record sleep time, only total
bed time.

m HSS do not incorporate EEG and most do not
record PLLMs. Some patients (a small population)
may tequire a subsequent PSG if indicated.
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< " Two Negative Studies on HSS

m 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. 107"

m College debate, big “position paper” released by
the American Academy of Sleep Medicine, found
every possible negatve on HSS and decided to
put it together in one paper stating why HSS 1s
‘bad’ and inferior. Keep in mind that the academy
has a significant financial interest in protecting the
‘old way’ and with it, its members—the PSG
community.
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Need to Control Costs

m 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.

m We all agree that our Medicare and Medicaid
programs need restructuring and modernization
to allow etficiencies to be realized through new
and innovative processes, new payment
methodologles and the use of new technologies.
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m The current (national)

approximate
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 (CMS) is
paying approximately
$1,000 to $1,400 per study
(diagnostic and titration)
per patient.

Facts & Figures

m 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

growing.

m This represents growth of

71% 1n only three years.
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Facts & Figures

® This 71% growth in
only three years
represents a common
trend 1n 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, CMS must devise
a cost effective method for
treating this condition

for its Medicare and
Medicaid recipients.
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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 home

medical equipment industry.

Recent Financial Reports

m American Home Patient—
2.8% increase in revenue.

m Apria Healthcare—5%
growth in revenues.

m Invacare—16% growth.
m Option Care—11% growth.

—_—

We can get an overall feel for
the growth 1n the home
medical equipment sector
with these figures. Average

growth for all of these
compantes 1s 8.7%.
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Sleep Product Manufacturers

ResMed, an Australian co., headquartered in San Diego reported
record results for the quatter 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 [is 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
22% 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 thetapy products.

m Total average growth for these companies was 27%.
m A significant difference from a mean growth of 8.7%.



£, AirCare Home Medical @ . .
aéf i gaskionet Hymeess sewe™ T sk O ne P 10 ] ec t ion
This graph, taken from HME S50
News, 3/04 issue, Vol. 10, No. 3, {
shows CMS (Medicare) allowed a z 407
total of 111,081 CPAP claims for g
" a4 mo. period. This totals an ;%
avg. of 27,770 claims per month. 70

If 40% of these claims represent

new patients and we then add
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20% for patients who underwent

the study but wete not treated with CPAP, we estimate Medicare paid for
approx. 160,000 PSG tests in 2003. If HSS had been used in 90% 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 ® ‘The patient normally

study (reimbursement undergoes a second study (or
allowance required) 1s $400 split-night) while using a
based on a California Fee CPAP device at various
Schedule vs. current payment pressures until the appropriate
for an 1n-lab study of $1,000 pressure is found.

- $1,400. Please note,
however, the $400 fee
represents the diagnostic
portion of the study only.

m Home sleep study patients do
not need to have an in-lab
titration study and instead
should be allowed an auto-

® One issue that must be titrating CPAP. This provides
addressed in considering additional cost savings while
home sleep studies is CPAP preserving the integrity of

titration after diagnosis. clinical treatment.
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" Auto-Titrating CPAP

m Having a patient undergoa  w The solution to titrating

HSS for the diagnostic
portion & then an in-lab
titration study, defeats part
of the purpose of
providing an in-home
study.

m Titrating the patient in the

home using a portable HSS
device 1s not possible,

since a clinician would
have to adjust CPAP
pressures through the
night.

home sleep study patients 1s
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.
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y Auto-Titrating CPAP

m In calculating the cost of the
auto-titrating CPAP device vs.
an in-lab titration study, we find
that CMS/Medicare will save
over $500 per patient per study
per equipment rental.

m CMS would have to create a
special code and/or modifier
and a new allowable amount,
but this 1s simply a procedural
change.

® The auto titrating CPAP also
provides some significant long-
term cost savings for
CMS/Medicate program.

m  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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m 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 successtul one—such as approving the use
of auto-titrating CPAP.

m HSS testing 1s as clinically effective & accurate as in-
lab testing for the majority of SDB/OSA sufferers.
Many studies have been performed to validate the
clinical comparability of home studies to PSG.
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m Kaiser Permanente, the VA, and Untversity 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

integrity.

m 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.
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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.



Public Comment (CAG-0093R)

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 polysomnography done in a facility-based
sleep laboratory may be used to identify and
diagnose patients with OSA requiring CPAP.




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 mult-channel home sleep testing as an
alternative to laboratory testing, to diagnose and
identify patient with OSA (Obstrm,twe Sleep
Apnea) n need of a CPAP device for therapy.

# This overview highlights important and crucial facts
needed to fully consider coverage. A detailed report
is submitted with this presentation.

Page 2’



Francma Spencer - Pubthomment(CAG—OOQSR) -homesleepstudlesppt - '. : S Page 5

fird sezo Howme Viedical? "f’ﬁ

Our Expertise

# We are respiratory experts. = Our Director of Respiratory

Our CEO 1s an RRT
’(r%egistt:fred Respiratory
1erapist) as 1s our
Corporate Compliance
Officer and our Director of
Respiratory Therapy. Our

company has been serving
the.resp}ratory needs of our
patients for over 10 years.

This report was prepared by
Rebecca Olivares, Vice
President of Operations who
holds a degree in
Finance/Business Management
and our RRTs,

Therapy was our main clinical
consultant for this report. He
possesses over 5 years of
clinical experience working
with CPAF) atients, their
physicians, and sleep apnea
equipment. In addition, he s
an OSA patient and uses
CPAP therapy as well. Our
Vice President of Operations
was our financial and
reimbursement consultant. She

ossesses over twelve years of

ME/HME Medicare and
Medicaid reimbursement
experience.
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Obesity — A Contributor

@ According to Dr. Davidson and our own research, SDB
(sleep disordered breathing) is associated with
hypertension, heart attack, stroke, heart failure and
diabetes—all of these conditions are proven to be
either secondary to or exacerbated by obesity.

m Per Dr. Davidson, 80% of patients with heart failure
have SDB.

= Recent CDC study shows that 65% of Amencans are

Obe SE€ (reference noted in report).
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The Future (Cont’d)

= Another article estimates 20 to 25 million yeople n the
US. currently suffer from SDB (OSA) and that many of
these cases are currently undiagnosed geference noted in repor.

» Study at RTI International and the CDC estimate that
U.S. medical expenses attributed to obesity reached $75
billion m 2003. %his study further notes that taxpayers
financed half of that amount through Medicare and
Medicaid programs. |
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Need to Control Costs

m Given the current state of our Medicare &
Medicaid programs, and the future estimated
expenses For medical services our growing over
65 population will require, the need to control
costs, while preserving the quality of care, 1s
paramount.

We all agree that our Medicare and Medicaid
programs need restructuring and modemization
to allow efficiencies to be realized through new
and innovative processes, new payment
methodologies and the use of new technologies.
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m In reviewing the annual report

# The current (national)

approximate reimbursement
for a PSG
(polysomnography)—sleep
study performed in a lab,
needed to diagnose SDB
ga}:ients, is $783.05

diagnostic study only) plus
5807.69 for a utration study.

Overall, Medicare (CMS) is
paying approximately $1,000
to $1,400 per study
(diagnostic and titration) per
patient.

of a well-known sleep product
manufacturer, we see that
sales have grown
“dramatically.” One
company s sales increased
by 37% (or $192 million)
compared to the same quarte
the previous year. The same
company had sales of $368
milhion in 2000. For year end
2003, the company's sales
are now $629 nmilkon! — and
growing,

This represents growth of
71% in only three years.
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Sleep Product Mfr— Revenue Chart
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Facts & Figures

® This 71% growth in
only three years
represents a common

trend in the sleep Given this incredible

%’Odu(:t ndustry. growth, the number of

SA/SDB 15 a fast-_ undiagnosed cases and
%1‘ owimng ¢ 1den§1c. The  and future anticipated
arge number of new AR et dovicn
dia%mosed cases stem growth, CM.S must dgvxse
from many more a cost effective method for
physicians being aware ~ treating this condition
of the condition and
more people seeking
treatment for it.
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Facts & Figures

s A %t*oxirnatel}-'%‘}’b of all

SDB cases can be _
appropriately diagnosed using
a home sleep study.

Of the remaining 10%,
approx. 2% of ¢ 1
automatically be referred 1o
lab-based testing—patients
with neuromuscular
conditions such as ALS, MS

Muscular D hv.

These patients require lab
testing for a more detailed
analysis of thewr condition
and equipment needs.

@ The remaining 8% of patients

may need a home study 10
rule-out sleep apnea and a
subsequent in-lab sleep study
to diagnose other conditions
such as PLM (periodic leg
movement) disorder.

er, these patients
epresent a very small percent
in fact, a smaller percent
than the conservative figures

we noted above).

e Page 10 E
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Facts & Figures

w  Approximate cost of a home
sleep study (reimbursement
allowance required) 1s $400
(California Fee Schedule) vs,
current payment for an in-Jab
study of $1,000 - $1,400.
Please note, however, the

fee rey s the
portion of the

addressed in con:
home sleep stuc ’
titration after diagnosis.

a The patient normally

undergoes a second study (or
split-mght) while using a
CPAD device at vanous
pressures until the appropnate

pressure 1s found.

tional cost savings while
preserving the mtegnty of
clinical treatment.
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Auto- Titrating CPAP

@ IHaving a patient undergo a & The solution to utraung home
home sleep study for the sleep study patients 1s the auto-
diagnostic portion and then titrating
have to be sent to a lab for
the utration portion of the
study, defeats the purpose of
providing an n-home study.

It is slightly more expensive
than a regular CPAP device.
We estimate that an additional
e 20% increase of payment
Titrating the patient at home based on the current CPAP
using a portable home sleep allowed amount for this unit
study device is not possible, would be sufficient for
since someone W’OllEl)d have 1o providers to be able to
monitor the patient and rovide this equipment to all
adjust CPAP pressures Eome sleep study patients.
through the nmight.
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Auto-Titrating CPAP

In calculatng the cost of the
auto-titrating CPAP device
versus an in- lab titration study,
we find that CMS/Medicare will
save over $5C0 per patient per
study per equipment rental.

CMS would
special code ar
and a new allo

change.

The auto titrating CPAP also
provides some significant long-
term cost savings tor

CMS/ Medicare program.

w  Since this device’s technology

allows 1t to adjust to the pauent’s
breathing, providing the exact
pressute needed at any given time,
if the patient were to lose weight,
gain weight, or experience any
hat would requure a
1ge, the patient would
we “another” in-ab
ned 1o adjust
: , 1s currently
at a cost of $807.69 for
re-titration study).
g CPAP
automatically adjusts to the
ressure needs of the patient as
ong as they use the device. No re-
study needed!

Page 13
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Summary

Approving the use of in-home sleep study testing devices used to
diagnose OSA is one of the smartest changes CMS can currently
make to prepare for the significant growth of this condition.

The in-home sleep study testing device 1s just as clinically
effective as is an in-lab study.

Creating a code and higher allowance for an auto-titrating CPAP
device, to be used to titrate patients tested using a home slee
study device is another measure that will provide significant long-
term cost savings.

We would like to note that Kaiser Permanente, one of the largest
and oldest managed care organizations in the nation, adopted this
method for diagnosing OSA/SDB long ago. They were quick to
take advantage of technology to achieve cost savings while
protecting clinical and treatment integrity.

S Page 7R
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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 modemize 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.

This concludes our presentation.
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. 1200 PLEASANT STREET
Date: May 3, 2004: Drs Mo, 14 50709 1433

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
CPAP device, the reluctance of the third party payer to pay for the CPAP 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 CPAP 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 of an
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 of patient, 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 of Respiratory 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, 1 found it somewhat disconcerting that CMS 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 performed by a large number of practitioners 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 of his 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 performing 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 of polysomnography, 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.

[ appreciate the opportunity to provide this input. I can be reached at 515-241-5096.

Sincerely,

Randy Goyres, M.S., RRT. RCP.
Manager, Pulmonary Services
Iowa Health — Des Moines
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