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Background: The “Diagnosis and Treatment of Sleep Apnea in Cerebro-
vascular Disease” (GoToSleep) study is evaluating a strategy to improve
the diagnosis and treatment of sleep apnea among veterans with stroke
or transient ischemic attack (TIA) who also have hypertension. Specifi-
cally, the GoToSleep study was designed to overcome some of the barri-
ers that exist within the Veterans Health Administration (VHA) to the timely
diagnosis and treatment of sleep apnea by using ambulatory home-based
polysomnography and auto-titrating continuous positive airway pressure
(CPAP) to reduce the reliance on laboratory-based sleep studies.

Methods: The GoToSleep study is a prospective, multi-site, randomized,
controlled strategy trial among an expected 318 veterans with cerebrovas-
cular disease and hypertension who are assigned to an intervention group
or a control group. Patients in the intervention group receive unattended
polysomnography at baseline, and those with sleep apnea receive auto-
titrating CPAP therapy for up to one year. Patients in the control group re-
ceive usual care and unattended polysomnography at the end of the study
to identify the rate of undiagnosed sleep apnea. The primary objectives of
the GoToSleep study are to determine whether a diagnostic and therapeutic
intervention strategy among veterans with cerebrovascular disease and hy-
pertension improves: (1) detection of sleep apnea; (2) appropriate treatment

for sleep apnea; and (3) control of hypertension. Twenty-four-hour blood
pressure assessments are made at baseline and at the end of the one-year
study period for both groups. Antihypertensive medications and their doses
are recorded at the time of the 24-hour blood pressure measurements.
Discussion: This manuscript provides the rationale for 4 key components
of the design of the GoToSleep trial: the inclusion of patients with cere-
brovascular disease and hypertension without the use of a measure of
daytime sleepiness as an eligibility criterion; the use of portable polysom-
nography and auto-titrating CPAP in patients’ homes rather than using
sleep laboratory polysomnography with fixed pressure CPAP; the analytic
approach to evaluating change in blood pressure in the context of change
in antihypertensive medications; and the use of a usual care control group.
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BRIEF SUMMARY

within patients’ homes.

usual care control group.

Current Knowledge/Study Rationale: This manuscript describes the rationale and methods of the GoToSleep study which seeks to evaluate a strat-
egy of diagnosing and treating sleep apnea among veterans with cerebrovascular disease and hypertension. The intervention strategy was designed
to reduce the reliance on laboratory-based sleep studies and to enhance treatment adherence by conducting diagnostic and therapeutic activities

Study Impact: This manuscript describes four key elements of the GoToSleep study design that are either unique to this study or rarely employed in
clinical trials: the inclusion of patients with cerebrovascular disease and hypertension without use of a measure of daytime sleepiness as an eligibility
criterion; the use of portable polysomnography and auto-titrating CPAP in patients’ homes rather than using sleep laboratory polysomnography with fixed
pressure CPAP; the analytic approach to evaluating change in blood pressure in the context of change in antihypertensive medications; and the use of a
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leep apnea is common, affecting as many as one-fifth of the

adult population,' and found in approximately two-thirds
of patients who have had a stroke or transient ischemic attack
(TIA).>' Sleep apnea has been independently associated with
a variety of adverse metabolic and disease states and outcomes
including hypertension, diabetes, stroke and TIA, incident
coronary events and cardiovascular mortality, and all-cause
mortality.!*!""13 Unfortunately, estimates suggest that as many
as 70% to 80% of patients with sleep apnea are neither diag-
nosed nor treated.'* Even among patients with stroke and TIA,
who are at particularly high risk of recurrent vascular events
related to sleep apnea, screening for sleep apnea is uncommon.
The barriers to diagnosing and treating sleep apnea consist of a
variety of patient, provider, and system issues, including case-
identification, provider awareness, and access to laboratory-
based testing.'

The “Diagnosis and Treatment of Sleep Apnea in Cerebro-
vascular Disease” (GoToSleep) study is evaluating a strategy
to improve the diagnosis and treatment of sleep apnea among
veterans with stroke or TIA who also have hypertension. Spe-
cifically, the GoToSleep study was designed to overcome some
of the barriers that exist within the Veterans Health Administra-
tion (VHA) to the timely diagnosis and treatment of sleep apnea
by using home-based ambulatory polysomnography and auto-
titrating continuous positive airway pressure (CPAP) to reduce
the reliance on laboratory-based sleep studies.

The objectives of this manuscript are to describe the meth-
odological approach being employed in the GoToSleep study.
Specifically, this manuscript provides the rationale for 4 key
components of the design of the GoToSleep trial: the inclu-
sion of patients with cerebrovascular disease and hypertension
without use of a measure of daytime sleepiness as an eligibility
criterion; the use of portable polysomnography and auto-titrat-
ing CPAP in patients’ homes rather than using sleep laboratory

polysomnography with fixed pressure CPAP; the analytic ap-
proach to evaluating change in blood pressure in the context of
change in antihypertensive medications; and the use of a usual
care control group.

DESIGN AND METHODS

Overall Trial Design

The GoToSleep study is a prospective, multi-site, random-
ized, controlled strategy trial (NCT00984308). The primary
objectives of the GoToSleep study are to determine whether a
diagnostic and therapeutic intervention strategy among veter-
ans with cerebrovascular disease and hypertension improves:
(1) the detection of sleep apnea; (2) appropriate treatment for
obstructive sleep apnea; and (3) control of hypertension.

The intervention consists of a strategy intended to improve
the diagnosis and long-term management of sleep apnea
among veterans with cerebrovascular disease and hyperten-
sion. The GoToSleep study is randomly assigning 318 veterans
with cerebrovascular disease and hypertension to an interven-
tion group or a usual care control group in a 1:1 randomization
scheme (Figure 1). The randomization is stratified by medical
center (Connecticut versus Indiana), baseline blood pressure
(mean systolic blood pressure from the 24-h ambulatory blood
pressure monitor < 135 mm Hg versus > 135 mm Hg for pa-
tients without diabetes, and < 125 mm Hg versus systolic >
125 mm Hg for patients with diabetes), and risk of sleep ap-
nea from the Berlin Questionnaire'® (“high risk” versus “low
risk”). Patients in the intervention group receive unattended
polysomnography, usually in their home, at baseline; those
with sleep apnea receive auto-titrating CPAP therapy for up
to one year. Patients in the usual care control group receive
unattended polysomnography at the end of the study to iden-

Figure 1—GoToSleep trial design
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tify undiagnosed sleep apnea. Twenty-four hour blood pressure
assessments are made at baseline and at the end of the one-
year study period for both groups. Antihypertensive medica-
tions are recorded with their doses at the time of the 24-h blood
pressure measurements. Primary analyses will be conducted as
intention-to-treat analyses.

Study Administration

The GoToSleep project is being conducted at 2 VHA medi-
cal centers (West Haven, CT and Indianapolis, IN). Progress
is evaluated via weekly video-conference research team meet-
ings. Institutional review board (IRB) approvals have been re-
ceived at both participating centers.

Inclusion and Exclusion Criteria

Patients are included if they have a history of ischemic stroke
or TIA and cither a diagnosis of hypertension or blood pres-
sure > 140/> 90 mm Hg.'® This study was designed prior to
the 2009 revision of the American Heart Association/American
Stroke Association definition of TIA and employs the follow-
ing criteria: an ischemic stroke is a persistent focal neurologi-
cal deficit of presumed ischemic origin lasting > 24 h,"” and a
TIA is a focal neurological deficit of presumed ischemic origin
lasting < 24 h." Brain imaging is not required for the diagnosis
of stroke or TIA. We include the full spectrum of stroke se-
verity, but given that we require patients to provide their own
informed consent, patients with severe language impairments
are unlikely to be eligible. Patients are recruited > 30 days after
their most recent stroke and at any point after their most recent
TIA. No limits on the time from the last cerebrovascular event
were imposed; we therefore anticipate that the GoToSleep co-
hort will include a spectrum of patients including those with a
relatively recent event and those who are years after their last
cerebrovascular event. The exclusion criteria and their justifica-
tions are provided in Table 1.

All Patients

Baseline and Follow-up Assessments

Patient interviews and medical record reviews are conduct-
ed at baseline and at the end of study by trained research staff
to obtain information about demographics, comorbidities,
medication use, and symptoms. At these time points, patients
are also examined to measure heart rate, neck circumference,
height, and weight (using portable digital scale) for the calcu-
lation of body mass index (BMI). Daytime sleepiness is as-
sessed using the Epworth Sleepiness Scale (ESS).!?° The ESS
is sensitive to change with appropriate treatment for sleep
apnea.”?? Functional status is measured with the Modified
Rankin Scale which is sensitive to the full range of functional
status from mild to severe impairment.*?* Overall health sta-
tus is assessed with the 12-item Short Form Health Survey
(SF-12).226 The Berlin Questionnaire asks about snoring and
daytime sleepiness and is used to classify patients according
to high versus low risk for sleep apnea.'” All of the question-
naires are completed independent of the study staff and are
scored centrally by a blinded member of the team. Neurologi-
cal functioning is measured with the National Institutes of
Health Stroke Scale (NIHSS).?"8
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Table 1—Exclusion criteria

Exclusion Criterion Rationale

Known sleep apnea Such patients should already be

receiving CPAP therapy

Suspected sleep disorder
other than sleep apnea (e.g.,
narcolepsy)

Such patients should be referred for
a formal polysomnography in a sleep
laboratory

Life expectancy is less than 6
months

Care may be directed toward
maximizing comfort and such patients
may not be able to comply with the
research protocol

Patients unable to use either CPAP* could not be administered
a nasal or face mask (e.g.,

facial trauma)

Patients who do not speak
English

The intervention strategy involves
forming a relationship between

the patient and the staff who are
performing auto-titrating CPAP
administration and a language barrier
would reduce the likelihood that such
a relationship could be formed

Inability to provide informed
consent (e.g., No proxy
consents will be accepted)

This intervention requires active
participation from the patient

*CPAP refers to continuous positive airway pressure.

Blood Pressure Measurements

Blood pressure is measured for both control and intervention
patients. Blood pressure measurements are taken at baseline
and at the end of the study by trained research staff both manu-
ally and with a 24-h ambulatory monitor. Sitting blood pressure
measurements are taken twice with a sphygmomanometer and
stethoscope, using the right arm when possible. Arm and posi-
tion are noted, and when possible, the same arm and position
are used for each measurement for an individual patient. Ortho-
static measurements are also recorded. A Doppler ultrasound is
used to obtain ankle blood pressure measurements to calculate
an ankle-brachial index.

Ambulatory 24-h blood pressure measurements are taken using
the Dynapulse S000A ambulatory blood pressure monitor (Pul-
semetric Inc. San Diego, CA). Blood pressure measurements are
taken every 30 min for a 24-h period. We use both a sleep diary
and actigraphy (Actiwatch, Philips Respironics; placed on a non-
paretic arm) to categorize blood pressure data as either sleeping or
waking.?” Our primary approach for identifying periods of sleep
is based on actigraphy data; we use sleep diary data for patients
with incomplete actigraphy data. Nocturnal blood pressure dip-
ping patterns will be assessed by comparing mean systolic blood
pressure during sleep with mean systolic pressure during wake.*

Antihypertensive medications are not manipulated as part
of the study protocol. All antihypertensive medications are re-
corded for each patient at baseline and at the end of the study.
The Defined Daily Dose (DDD) of all antihypertensive medica-
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tions is calculated using the World Health Organization (WHO)
DDD methodology which allows for comparison across anti-
hypertensive regimens.’! The DDD is defined as “the average
maintenance dose per day for a drug used for its main indication
in adults.”' For example, the DDD for lisinopril is 10 mg per
day and for hydrochlorothiazide is 25 mg per day. Therefore, if
a patient is taking lisinopril 5 mg per day and hydrochlorothia-
zide 25 mg per day, their total DDD is 1.5 (0.5 for the lisinopril
plus 1.0 for the hydrochlorothiazide).

A consolidated measure that includes both blood pressure and
antihypertensive medication dose is needed to evaluate the po-
tential blood pressure lowering effect of CPAP across the wide
variety of antihypertensive medication regimens employed in
routine clinical practice. In particular, an approach that includes
both blood pressure and antihypertensive medications is needed
in a long-term study of patients with hypertension who are re-
ceiving primary care, given that such patients are likely to have
their antihypertensive medications adjusted over the course of
the study period. For example, if CPAP therapy were to main-
tain “stable” blood pressure among patients in the intervention
group, whereas patients in the control group were concurrently
having their antihypertensive treatment up-titrated, then a blood
pressure lowering impact of CPAP therapy would be masked if
medication adjustments were not included in the analysis. The
calculation of this consolidated measure that is used in the Go-
ToSleep study is based on a meta-analysis of 354 randomized
controlled trials of antihypertensive medications including the 5
most commonly used categories of antihypertensives: thiazides,
B-blockers, angiotensin converting enzyme (ACE) inhibitors,
angiotensin II receptor antagonists, and calcium channel block-
ers.* This report found that all drug categories produced similar
reductions in blood pressure, but the greatest reductions were
observed among patients with the highest pretreatment blood
pressures.*> The blood pressure lowering effect was also found
to be additive across the various antihypertensive medication
classes. The addition of each new antihypertensive medication
at half the standard dose reduced systolic blood pressure by an
average of 6.7 mm Hg.??> Given that the average reduction in
blood pressure was 20% lower when medications were used at
half the standard dose compared with full standard dose regi-
mens,* the addition of each full dose medication (1 DDD) is ex-
pected to reduce systolic blood pressure by 8.0 mm Hg. For each
patient in the GoToSleep study, the medication-adjusted mean
systolic blood pressure will be calculated from the mean systolic
blood pressure measurement from the 24-h ambulatory monitor
and the patient’s DDD as follows: medication-adjusted SBP =
[mean systolic blood pressure in mm Hg] + [patient’s DDD x
(8.0 mm Hg)].3*> The medication-adjusted SBP is reported in mm
Hg and provides a method for comparing observed blood pres-
sures across a variety of antihypertensive medication regimens.
For example, if a patient has a mean systolic blood pressure of
140 mm Hg and a DDD of 0.5 then the medication-adjusted SBP
would be 144 mm Hg (140 mm Hg + [0.5 x 8 mm Hg]).

Protocol for Intervention Patients without Sleep Apnea and
Control Patients

Intervention patients without sleep apnea and control pa-
tients receive an in-person visit at baseline, a telephone call at
every other month, and an in-person visit at the end of the study.
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Intervention Patients

Intervention Protocol: Full Unattended Sleep Study to
Diagnose Sleep Apnea

Unattended polysomnography has been used with excellent
reliability in other large scale trials and cohort studies.'?33
For the GoToSleep study, full unattended polysomnography
is conducted using the portable Safiro device (Compumedics)
providing data on: electroencephalogram (EEG), electrooculo-
gram, chin electromyogram, thoracic and abdominal displace-
ment, airflow, finger pulse oximeter, electrocardiogram, body
position, leg movement, and audio recording of participant’s
snoring. Trained research staff members travel to the patient
to apply the sleep monitor in the location that is most conve-
nient for the patient (usually the patient’s home). Research staff
member travel to the same location the following morning to
remove the sleep monitor. The polysomnographic data are read
centrally and scored according to standard criteria.*®

Polysomnographic data are used to identify respiratory
events (apneas and hypopneas) while the patient is asleep. The
sensor used to detect absence of airflow (for the identification
of an apnea) is an oral nasal thermal sensor. The sensor used
for the detection of airflow (for the identification of an hypop-
nea) is a nasal pressure transducer. An apnea-hypopnea index
(AHI) is calculated as the number of respiratory events per hour
of sleep.’* Patients with an AHI > 5 events/h are diagnosed
as having sleep apnea.’’” Respiratory events made in the pres-
ence of thoracic or abdominal effort are scored as obstructive,
whereas respiratory events made in the absence of thoracic and
abdominal effort are scored as central events. If > 50% of re-
spiratory events are obstructive, patients are classified as hav-
ing obstructive sleep apnea. If > 50% of respiratory events are
central, patients are classified as having central sleep apnea. Pa-
tients are classified has having Cheyne-Stokes respiration if the
predominant breathing pattern (> 50%) of respiratory events
takes the form of a waxing and waning ventilatory effort, and
airflow with arousals typically occurring at the peak of the hy-
perpnea phase. If such a pattern is detected on the ambulatory
sleep study, patients are continued in the study. However, such
patients are not initiated on auto-titrating CPAP, but rather are
referred through the local clinical sleep programs for initiation
on adaptive servo-ventilation (ASV).

Auto-Titrating Continuous Positive Airway Pressure

Patients in the intervention group with obstructive sleep
apnea are offered auto-titrating CPAP (System One, Respiron-
ics) consistent with the American College of Chest Physicians
(ACCP) treatment guidelines to treat patients with documented
cardiovascular disease including hypertension and stroke.’” The
auto-titrating device being used in this study is able to distin-
guish central from obstructive respiratory events and respond
accordingly.?”3%40

With the use of data card technology, the auto-titrating
CPAP machine records pressure, residual AHI, air leak, and
compliance data. We download data from the CPAP machines
at least once during the first week, weekly during the first
month, at the sixth month, and then at the final (close-out)
visit. We assess treatment efficacy in 3 ways: (1) by examin-
ing and addressing any existing leak; (2) evaluating the resid-



ual AHI (targeted AHI < 5); and (3) evaluating oxygenation
among patients with hypoxia on initial polysomnography.
Oxygen saturation is measured concomitantly with the auto-
titrating CPAP via one night of overnight oximetry performed
during the first month of CPAP use for patients with good
mask fit who have evidence of oxygen desaturations by poly-
somnography (< 88% for > 5 min during polysomnography).
Patients with persistent desaturations despite auto-titrating
CPAP are provided supplemental nocturnal oxygen via the
CPAP machine.

Auto-titrating CPAP is administered to sleeping patients via
a mask. Patients in the intervention group with sleep apnea are
originally fit with their CPAP masks by members of the sleep
medicine service in accordance with usual practice at the par-
ticipating VA sites. Our study staff provides ongoing support
to patients to ensure that patients receive the mask that is most
comfortable and effective, with a goal unintentional leak of
< 10 liters/minute.

Our approach to improving CPAP adherence consists of early
intensive education and support, followed by regular and ongo-
ing contact with patients. The education and support program is
based on a patient narrative conceptual model.*' Based on this
conceptual framework, for patients with sleep apnea, during the
in-home visit where the staff members give the patients the re-
sults of the baseline polysomnography, staff members provide
patients with information to about sleep apnea and CPAP and
then ask patients to describe their understanding of sleep apnea,
how sleep apnea may be related to their overall health status,
and their reasons for trying to use CPAP.

During this session, staff answers questions that the patient
or family members may have about CPAP. During the first
month after delivery of the CPAP machine, the patient is visited
each of the first 2 days and then weekly for the first month;
thereafter patients receive monthly telephone calls. An in-home
visit is scheduled after 6 months of CPAP use and at the end
of the study to download the CPAP adherence data. In-person
visits are also scheduled as needed upon patient request (e.g.,
for mask refitting). During the in-home visits, staff review with
patients data from the CPAP machine (e.g., number of nights of
use, number of hours of use, leak). Patients are instructed to call
staff to answer questions about CPAP or the study at any point
during the study period.

Comparison Group (Control) Patients

Control patients receive usual care as directed by their physi-
cians, including care of their vascular risk factors such as hy-
pertension and referral for usual care sleep apnea testing. Many
veterans receive care both from VHA providers and from non-
VHA providers. The research staff members inquire about all
care that patients receive during the study period (e.g., medica-
tions provided by the VHA as well as medications obtained at
private pharmacies). Control group patients who did not receive
polysomnography as part of their usual care (expected to be
the overwhelming majority of control group patients) will re-
ceive an unattended polysomnography at the end of the study.
Polysomnographic data obtained as part of this study on control
group patients are communicated with their primary care pro-
viders and the facility’s sleep medicine service. We defer to the
primary care provider regarding the long-term management of
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control group patients with sleep apnea, given that this diagno-
sis is made at the end of the study period.

OUTCOMES

Sleep Apnea Diagnosis Rate

The proportion of intervention and control patients with
a diagnosis of sleep apnea will be calculated from the unat-
tended polysomnography performed in the intervention group
and from any polysomnography that was performed as part of
usual care among control patients. We will use polysomnogra-
phy data obtained as part of the study protocol at the end of the
study period in the control group to determine the prevalence of
undiagnosed sleep apnea among control patients.

Obstructive Sleep Apnea Treatment Rate

The proportion of intervention and control patients with ob-
structive sleep apnea who are receiving treatment will be cal-
culated. Treatment of sleep apnea is defined as use of CPAP >4
h/night for > 70% of nights* or use of alternative (non-CPAP)
therapies (e.g., positional therapy, oral appliance therapy, or
upper airway surgical intervention). Within the VHA, the use
of alternative therapies is rare; it is therefore expected that the
treatment rate will be based primarily upon the use of CPAP.

Hypertension

The primary outcome measure for hypertension is change
in mean 24-h systolic blood pressure from baseline to the end
of the study. Ambulatory blood pressure monitoring has been
shown to perform better than the use of single blood pressure
assessments with a sphygmomanometer for the purpose of car-
diovascular risk stratification, and it can be used to describe
sleep versus wake blood pressure patterns.?* Our secondary
hypertension outcomes include: (a) the change in medication-
adjusted SBP from baseline to the end of the study; (b) the
change in DDD from baseline to the end of the study; (c) the
proportion of patients with a nocturnal decline (“dipping”) in
systolic blood pressure of > 10%?’; and (d) the proportion of
patients with either a decrease in mean systolic blood pressure
of 5 mm Hg or any increase in blood pressure medication.

Cost Analysis

A cost analysis is planned as a secondary analysis for the
GoToSleep trial. We are prospectively collecting all non-VHA
direct healthcare costs (e.g., hospitalizations, outpatient visits,
durable medical equipment) and overall and specific interven-
tion costs. The prospective data are supplemented with adminis-
trative data from the VHA Decision Support System (DSS) that
provides patient-level data for all VHA and fee-basis healthcare
costs (e.g., hospitalizations, outpatient care, medications) by
medical facility (adjusted for regional variation). Unlike Medi-
care, Medicaid and other prospective payment systems that are
charge- or payment-based, the VHA Decision Support System
captures actual costs of healthcare provided. For intervention
costs, the research staff members perform micro-costing by re-
cording the time (and mileage) they spend with study patients
and record details about the activities and care they are engaged
in with the patient. In this way, the overall intervention costs
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can be compared with potential economic savings or benefits
of the intervention (reduced health care utilization and costs)
to determine the overall net present value of the program (cost-
benefit analysis).

Sample Size

The GoToSleep trial was designed to have > 80% power to
detect the following pre-specified differences in the 3 primary
aims: 60% of intervention patients compared with 10% of con-
trol patients will be diagnosed with sleep apnea; 50% of inter-
vention patients diagnosed with sleep apnea as part of the study
protocol, compared with 15% of control patients diagnosed
with sleep apnea as part of usual care, will use CPAP therapy;
and the baseline mean systolic blood pressure in both the inter-
vention and usual care groups will be 135 mm Hg with a stan-
dard deviation of 20 mm Hg, but the 1-year mean systolic blood
pressure in the intervention group will be 125 mm Hg with a
standard deviation of 20 mm Hg, whereas in the control group
it will be 135 mm Hg with a standard deviation of 20 mm Hg.
The sample size estimates further assumed an estimated 10%
loss to follow-up in both the intervention and usual care arms.

DISCUSSION

Our purpose was to describe the methodological approach
being employed in the GoToSleep study and to provide the ra-
tionale for the components of the design that are either unique
to this study or rarely employed in clinical trials: the inclusion
of patients with cerebrovascular disease and hypertension with-
out use of a measure of daytime sleepiness as an eligibility cri-
terion; the use of portable polysomnography and auto-titrating
CPAP in patients’ homes rather than using sleep laboratory
polysomnography with fixed pressure CPAP; the analytic ap-
proach to evaluating change in blood pressure in the context of
change in antihypertensive medications; and the use of a usual
care control group.

Methodological Rationale

Rationale for Inclusion Criteria Based on History of
Cerebrovascular Disease Rather Than Daytime Sleepiness
Symptoms

Patients with cerebrovascular disease have a high prevalence
of sleep apnea. Most studies in this area have reported that 60%
to 70% of patients with stroke or TIA have sleep apnea.>!*!34
Therefore, in the GoToSleep study, patients with cerebrovas-
cular disease were included on the basis of their high pre-test
probability of having sleep apnea. No additional clinical char-
acteristic (e.g., daytime sleepiness) were used as part of the in-
clusion criteria because we sought to include both patients who
are symptomatic and patients who are asymptomatic but who
nonetheless experience the physiologic consequences of their
sleep related respiratory events.

It is expected that control group patients diagnosed with
sleep apnea as part of their usual care are likely to be more
symptomatic than intervention patients diagnosed with sleep
apnea as part of the study, because patients in the usual care
group with excessive daytime sleepiness may be more likely to
receive polysomnography than control patients without symp-
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toms. Despite conventional wisdom to the contrary, however,
symptoms correlate poorly with sleep apnea severity.* Yet
symptomatic patients may be more likely to adhere to CPAP
treatment. Therefore, the control patients with sleep apnea who
are diagnosed as part of usual care may be more likely to use
CPAP than patients diagnosed with sleep apnea in the interven-
tion group. As part of the secondary analyses, we will examine
the treatment rate among asymptomatic patients (ESS <10) and
among mild sleep apnea patients (AHI 5-15 events/h).

Rationale for Using Portable Unattended Polysomnography
and Auto-titrating CPAP Rather than In-Laboratory
Polysomnography and Fixed Pressure CPAP

Polysomnography performed in a sleep laboratory by a sleep
technician is the gold standard for diagnosing sleep apnea, but
inadequate sleep laboratory infrastructure to accommodate
the US population is a major barrier to its use. The Institute of
Medicine in its report “Sleep Disorders and Sleep Deprivation:
An Unmet Public Health Problem” articulated the problem as
follows: “...the current diagnostic and therapeutic capacity is
not sufficient for the present demand, let alone the predicted
increase in demand arising from the proposed public educa-
tion campaign. Thus, additional technology development is
required.”™ Unattended polysomnography is an alternative to
polysomnography in a sleep laboratory. Several studies have
reported on the agreement between unattended polysomnogra-
phy and formal polysomnography with sensitivities of 75% to
100% and specificities of 87% to 100%.* Alternatives to full
polysomnography may be acceptable when patients cannot be
assessed with polysomnography in a sleep laboratory.** We
designed the GoToSleep study to use portable technology so
that sleep apnea could be diagnosed and treated in the patients’
homes. Only in rare circumstances do we anticipate that pa-
tients will require additional sleep testing—either repeat por-
table testing or referral to in-laboratory polysomnography for
more complex sleep disordered breathing (e.g., Cheyne-Stokes
central sleep apnea).

The traditional approach to the treatment of sleep apnea in-
volves the use of fixed-pressure CPAP. This approach requires
a two-step process. First, a sleep study is performed to diagnose
sleep apnea. Next, CPAP titration is performed by a sleep ther-
apist who increases the fixed-pressure CPAP until the apneas
and hypopneas are eliminated. Hence, the use of fixed-pressure
CPAP requires that the patient have a sleep study performed
in the presence of a sleep technician. Auto-titrating CPAP ma-
chines eliminate respiratory disturbances by varying the pres-
sure delivered depending on the patients’ respiratory efforts.
We use auto-titrating CPAP in the GoToSleep study because it
is as effective as fixed-pressure CPAP***° and because it does
not require an in-laboratory sleep study for titration.

Rationale for Approach to Evaluating Blood Pressure in
Context of Antihypertensive Medications

Although some clinical trials have used a measure of blood
pressure as a clinical endpoint without evaluation of antihy-
pertensive medication use, other trials have used a consoli-
dated measure of antihypertensive management that includes
both blood pressure and antihypertensive medication use (e.g.,
achievement of a goal blood pressure or any decrement in an-



tihypertensive medication).*” Given that the patients in the Go-
ToSleep study are all cared for by VA primary care providers,
and given the emphasis in VA primary care on the management
of blood pressure, we anticipate that patients in the GoToSleep
study are likely to have their blood pressure measured and man-
aged (e.g., antihypertensive medications adjusted) intensively
over the course of the one-year study period.

Our primary blood pressure outcome is change in 24-hour
mean systolic blood pressure, with a power calculation based
on this outcome measure. We have pre-specified secondary
blood pressure outcomes as described above. The medica-
tion-adjusted SBP measure will be used to evaluate the effect
of the intervention strategy on hypertension control in the
context of antihypertensive medications. The advantage of
the medication-adjusted SBP outcome is that it includes both
blood pressure and antihypertensive medications in a consol-
idated continuous measure where the output is in mm Hg, a
unit that is readily interpretable by clinicians. Moreover, giv-
en the known relationship between impaired nocturnal blood
pressure dipping and sleep apnea, we will also examine the
change in the proportion of patients with a normal nocturnal
decline in systolic blood pressure of at least 10% between the
two groups.

Rationale for Using a Usual Care Control Group

There are a number of challenges regarding designing long-
term randomized controlled trials using CPAP, including prag-
matic issues (such as strategies to increase long-term CPAP
adherence) as well as conceptual issues (such as safety/ethical
considerations among control patients diagnosed with sleep ap-
nea not receiving treatment). For example, one approach would
be to use sham-CPAP as the control comparison.*® Significant
safety considerations (e.g., drowsiness related motor vehicle
accidents, recurrent vascular events, depression/suicide) arise,
however, if sham positive pressure were to be used over a one-
year intervention period among patients with known sleep ap-
nea. In addition, the use of a sham-CPAP control group might
reduce participant enrollment (if participants are unwilling to
be randomized to a sham-CPAP group) or overall CPAP ad-
herence (if participants are uncertain about the benefits of the
CPAP that they are using).

Rather than a double-blind sham-CPAP control design, the
GoToSleep study is a randomized diagnosis and treatment strat-
egy trial. Such a study design serves to ask an important clinical
question in the context of usual care (where patients are not
prohibited from seeking care for sleep disordered breathing):
What additional benefit is conferred by a universal approach
to diagnosing and treating sleep apnea? We assert that “usual
care” provides a safe means of evaluating the effectiveness of
the intervention without incurring undue risks to patients. Pa-
tients who are in the control group may receive polysomnogra-
phy during the study as part of their usual care, and they receive
an unattended polysomnography at the end of the study period.
The polysomnographic and other medical information (e.g.,
blood pressure data) are provided to the patients and to their
primary care providers. We do not, however, automatically re-
fer patients in the control group who are diagnosed with sleep
apnea for treatment with CPAP as part of the study. Rather, we
communicate with the primary care providers and offer to as-
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sist with establishing treatment depending on the primary care
providers’ preference.

Summary

As astudy designed to address the question of whether a strat-
egy of diagnosing and treating sleep apnea among patients with
cerebrovascular disease and hypertension can improve rates of
sleep apnea diagnosis, sleep apnea treatment, and blood pres-
sure control, the GoToSleep trial has several strengths. First, the
GoToSleep study has a relatively long intervention period of up
to one year. Much of the literature has focused on short inter-
vention periods (days or weeks), with very few studies exam-
ining long-term CPAP use. Second, the GoToSleep study will
provide new information about the use of in-home management
for both the diagnosis and treatment of sleep apnea. Several
studies have examined the use of in-home or portable polysom-
nography for use in diagnosing sleep apnea, but few data exist
on the use of in-home support to improve CPAP adherence.*
Although sleep medicine clinics may be effective in promot-
ing CPAP adherence in general, our anecdotal experience sug-
gests that the older population with cerebrovascular disease is
often unable or unwilling to visit the sleep clinic because of
difficulties with transportation or competing medical demands.
These data will be especially relevant to hospital administra-
tors who might reallocate some sleep medicine resources to the
home setting. Third, the GoToSleep study has been designed to
provide sufficient sample size to evaluate the issue of whether
CPAP can improve hypertension control among patients with
sleep apnea. Several studies have evaluated the relationship be-
tween CPAP and blood pressure, but the GoToSleep study has a
randomized controlled trial design; a sample size large enough
to provide sufficient power; and includes measurement of a va-
riety of blood pressure related outcomes.*-*

The primary limitation of the GoToSleep trial is its focus
on the veteran population, which may limit generalizability to
women. Also, although the sample size has been designed to
provide adequate power for the primary analyses, sample size
constraints will not allow for subgroup analyses based either on
cerebrovascular event type (stroke or TIA) or time from event
(recent or distant).

CONCLUSION

The GoToSleep trial is expected to complete follow-up in
2011. Current guidelines include sleep apnea as a modifiable
risk factor for stroke, but the current standard of care does not
include routine assessment for sleep apnea among patients with
stroke or TIA.**55 We believe that the GoToSleep trial will pro-
vide needed information to clinicians caring for patients with
cerebrovascular disease and hypertension and for policy mak-
ers deciding about how to allocate limited sleep medicine re-
sources.
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