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Objective: To test the effectiveness of unattended home

monitoring along with automatic titrating continuous
positive airway pressure (auto-CPAP) as an acceptable
method for diagnosing and prescribing proper CPAP pressure for treatment of patients presenting with classic symptoms of obstructive sleep apnea (OSA).

to optimal CPAP pressure, accepted an auto-CPAP machine for home use, and symptoms improved.

cruited for symptoms of excessive daytime sleepiness,
heavy snoring, and witnessed apnea.

Results: Fifty-four (86%) of 63 patients completed
sufficient diagnostic studies, and in 45 (83%) of these, a
diagnosis of OSA was established. Nine subjects were unable to adjust to the nasal mask for an adequate diagnostic recording, and 9 had fewer than 10 respiratory events
per hour. Ten subjects with OSA could not complete a
titration study. Thirty-five of the subjects diagnosed with
OSA accepted the auto-CPAP machine into their home,
while 30 used it for therapy longer than 3 weeks. The
estimated cost of performing in-home studies was less
than one fourth of the estimated cost for in-laboratory
polysomnographic examinations had they been performed.

Intervention: Subjects with 10 or more respiratory
events per hour were titrated by automatic, unattended
home monitoring to an optimal CPAP pressure.

Conclusion: Unattended monitoring plus auto-CPAP allows cost-effective diagnosis and CPAP titration of most
patients with OSA with straightforward symptoms.

Main Outcome Measures: Number of subjects able to
be diagnosed by unattended home monitoring, titrated
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Design: Nonrandomized, prospective case study of 63

patients with a presumptive diagnosis of OSA.
Setting: University hospital and veterans affairs medi-

cal center ambulatory sleep disorders clinics.
Participants: Fifty-eight men and 5 women were re-
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BSTRUCTIVE sleep apnea
(OSA) is recognized as a
frequent cause of symptomatic daytime sleepiness in the general population.1 The importance of this disorder
as a contributor to cardiovascular disease, including systemic hypertension,2
stroke,3 and coronary artery disease,4,5 is
being increasingly recognized as a cause
of early morbidity and mortality in
patients with OSA.6,7 As many as 4% of
middle-aged men and 2% of middle-aged
women may have sleep apnea syndrome,
which is defined as the presence of apnea
during sleep with pathologic daytime
sleepiness.8 Thus, diagnosing and treating OSA is becoming a major health
problem in the United States from the
standpoint of physician education and
vigilance as well as cost.
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Polysomnography (PSMGY) with electroencephalographic sleep staging, oximetry, and respiratory monitoring is a criterion standard for the diagnosis of OSA and
for continuous positive airway pressure
(CPAP) titration.9,10 Disadvantages are that
PSMGY is labor intensive, requiring continuous technician monitoring; is not
readily available in some rural areas; and
long scheduling delays may occur. Intrapatient night-to-night variability may give
divergent respiratory disturbance indices
(RDIs), causing reclassification of the diagnosis in up to 43% of patients with lower
RDIs (5-15 respiratory events per hour).11
Through new technology, unattended
home monitoring now offers an alternative to PSMGY in diagnosing patients with
OSA,12-14 while automatic titrating (auto)CPAP machines may provide an alternative to in-laboratory PSMGY in the pre-
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PATIENTS, MATERIALS, AND
METHODS

least 3 weeks. Corroboration of the history of snoring and
witnessed apnea from a spouse, family member, or bed partner was unavailable in 5 cases because the subject lived alone.

Inclusion criteria for this study were (1) a history of excessive daytime sleepiness, (2) heavy, sonorous snoring,
(3) witnessed apnea when bed partner information was available, and (4) agreement to be monitored at home and to
use and return recording devices as often as needed to establish a diagnosis and effective treatment. Exclusion criteria included complicating medical illnesses or acute decompensation requiring hospitalization, a previously
established diagnosis of OSA, or suspicion by the examiner of a complicating sleep disorder, such as narcolepsy
or restless legs syndrome.

MATERIALS

PATIENTS
Sixty-three consecutive patients of 150 screened at sleep disorders clinics (Veterans Affairs Medical Center and University of Louisville Hospital, Louisville, Ky) meeting the above
criteria agreed to in-home monitoring for diagnosis and autoCPAP titration if OSA was confirmed. The subjects were a
mixture of 90% public hospital patients (Veterans Affairs Medical Center, 37 and university clinic, 20) and 10% privately
insured patients from the university clinic. Seven subjects were
self-referred. The presence of pathologic daytime somnolence was determined from histories taken by the physician
investigators (E.C.F. and K.L.Y.) (trained in sleep medicine) and confirmed and quantitated using a score on the Epworth Sleepiness Scale18 (ESS) of 11 or higher (maximum
score, 24) and on the Cleveland Questionnaire19 (CQ) of 20
or higher (maximum score, 60). Follow-up questionnaires
were also completed by each subject who achieved satisfactory auto-CPAP titration and used the machine for at

diction of the correct CPAP pressure.15-17 Our objective
was to show that in-home, unattended diagnosis and treatment of OSA with a single device is technically feasible
in that measurement of airflow interruption at night is
sufficiently accurate to establish this diagnosis in patients with classic symptoms.
RESULTS

The mean age of the 63 subjects (58 men, 5 women) was
51.4 ± 1.4 years; and mean body mass index (calculated
as weight in kilograms divided by the square of height in
meters), 35.8 ± 1.2 kg/m2. The mean baseline score on the
ESS was 15.7 ± 0.6 ($11 is considered symptomatic) and
that of the CQ was 39.7 ± 1.0 ($25 is considered symptomatic). Nine subjects (14%) (UNSAT-DIAG) were unable to complete sufficient diagnostic studies to establish
or refute a diagnosis of OSA (Figure 2). This was mainly
owing to intolerance or removal of the nasal mask, inability to connect the equipment properly after several attempts, or failure to return after an initial unsatisfactory
study. Fifty-four subjects (86%) completed adequate diagnostic studies, 45 (83%) of whom met criteria for OSA
(RDI-visual score $10 respiratory events per hour) and
9 (16%) of whom had an RDI-visual score lower than 10
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A single machine was used both as an unattended monitor
and auto-CPAP (Horizon; DeVilbiss, Somerset, Pa). Wearing a soft, snug-fitting CPAP nasal mask, a built-in pneumotachograph quantitatively recorded nasal airflow, apneas, hypopneas, nasal mask or mouth leaks, and snoring.20 A 3–cm
H2O pressure was required to operate the pneumotachograph in the diagnostic mode and to provide ventilation to
the subject. An adhesive finger oximeter recorded continuous arterial oxyhemoglobin saturation and a chest belt with
a position switch indicated body position throughout the night.
On study nights, all data were digitized and recorded on a
dedicated computer (Surveyor; DeVilbiss) that was downloaded into a personal computer. Respiratory events of 10 seconds or longer were scored according to the default settings
of the software, where apnea was defined as less than 15% of
baseline flow and hypopnea as a 40% fall from baseline flow.
The sum of apneas and hypopneas was automatically divided by total lapse time to arrive at an RDI per hour of recording time (RDI-machine). In addition, analog tracings were
examined (unblinded) by us with respiratory events (by pneumotachograph) visually scored (RDI-visual) and nasal mask
or mouth air leak time and time during the night when
not connected to the machine (hereafter, off-time; eg, trips
to the bathroom) to arrive at a more accurate RDI. The
automated scoring software neither recognizes off-time
nor subtracts air leak time from the total recording time.
Thus, the removal of nonscorable periods by hand scoring
Continued on next page

per hour (OSA-NEG). Of the 45 subjects with OSA, 35
(78%) completed titration studies (OSA-TIT), but 10 were
unable to do so (OSA-UNTIT).
Of the 35 OSA-TIT subjects, 30 (67% of the 45 subjects diagnosed with OSA) used the machine for 3 weeks
or longer, allowing completion of follow-up parameters
(ESS, CQ, and multiple sleep latency test), and 5 either
dropped out of the study or moved from the area before
preliminary treatment follow-up could be done. With few
exceptions, morphometric parameters, ESS and CQ scores,
and the number of diagnostic studies needed were comparable between groups (Table 1). On average, 1.4 diagnostic studies and 2.4 auto-CPAP titration studies per
patient were required to make a diagnosis and reach satisfactory treatment pressures. The correlation coefficient between RDI-machine and RDI-visual scores was
0.85 (P,.002). The RDI-visual scores were systematically higher than RDI-machine scores (Table 3) because visual scoring allowed lowering of the denominator (time) during mask or mouth leaks or off time were
subtracted from the total recording time.
Of the 30 subjects who completed auto-CPAP titration at home and kept the machine long enough to evaluate a response to therapy (.3 weeks), the RDI-machine
scores fell from 21.2 to 6 respiratory events per hour with
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considerably increased the scores for RDIs through the shortening of total recording time.
METHODS
After discussing the study and signing an informed consent, each patient was fitted with a nasal mask, instructed
how to apply the machine at home, and was given a chance
to adapt to mask breathing in the clinic. On average, this
took 30 minutes of one-on-one instruction by the study
nurse (J.S.). If the first night’s recording was insufficient,
uninterpretable, or had missing channels, additional nights
of diagnostic monitoring were undertaken. Following a satisfactory diagnostic study night, the auto-CPAP machine
was then reprogrammed for titration (if RDI-visual score
$10 respiratory events per hour) with data collection and
was repeated on subsequent nights until the best-effective
pressure was reached (elimination of respiratory events and
snoring) or the subject had substantial reduction in apneas but could not tolerate higher pressures (Figure 1).
All subjects with OSA completing auto-CPAP titration were
offered a multiple sleep latency test (both before and after
treatment, without the previous night’s PSMGY) at baseline and after a minimum of 3 weeks of therapy.
For subjects in whom a diagnosis of OSA was established by home monitoring and for whom a satisfactory autotitrating pressure was established (OSA-TIT), auto-CPAP
machines were supplied for home use (Figure 2). Those
subjects whose diagnostic study results appeared adequate but showed fewer than 10 respiratory events per hour
(OSA-NEG), those who had unsatisfactory diagnostic study
results (UNSAT-DIAG), or those who had a diagnosis of
OSA but were unable to tolerate or record satisfactory autoCPAP titration (OSA-UNTIT) were referred and encouraged to undergo PSMGY to confirm the home diagnostic

treatment (Table 3) while the RDI-visual scores fell from
34.1 to 8.6 respiratory events per hour. The ESS score
improved from 16.8 to 10.5 (P,.001), and the CQ score
improved from 39.5 to 24.3 (P,.001). Twenty-six OSATIT subjects completed 4 or more daytime nap studies
at baseline and follow-up. Mean sleep onset latency was
3.7 minutes before treatment and 5.7 minutes after treatment (P,.002). Analysis of this subgroup shows that the
baseline and follow-up RDI-visual scores were 32.2 ± 21.0
and 9.1 ± 4.8 respiratory events per hour, respectively.
Mean compliance for the group was 4.0 ± 2.1 hours per
night. The correlation coefficient for linear regression between hourly compliance and change in baseline to follow-up multiple sleep latency test was 0.12 (P..99).
Of the 9 UNSAT-DIAG subjects, 2 refused and 7 completed PSMGY. In the latter group, 5 were confirmed with
at least 10 or more respiratory events per hour (RDI scores
of 51, 11, 98, 60, and 31 per hour, respectively), and 2 were
not confirmed for at least 10 respiratory events per hour
but were suspected by us of having upper airway resistance syndrome (RDI scores ,10 per hour with loud snoring and symptoms of daytime sleepiness).21 Of the 10 OSAUNTIT subjects, 8 refused to take an auto-CPAP machine
home following formal PSMGY and CPAP titration, and 2
dropped out and sought therapy outside of the study. Four
of the OSA-TIT subjects were noncompliant with therapy
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study results or to undergo titration under observation
(Figure 2).
The cost of home monitoring per patient was derived
as follows. Technician or nurse time ($16 per hour) for nasal mask fitting and initial instruction (30 minutes) plus
computer program download and reprograming time (60
minutes) plus telephone call time (10 minutes) were added
to an average cost of $10 for patient travel for each study.
Physician’s time to read the pneumotachograph/oximeter
tracing was 15 minutes ($50), all totaling $86.50 per study
(diagnostic or titration). A one-time cost of $137 (retail cost)
for consumables to include the CPAP nasal mask, tubing,
valve, and oximeter finger piece was added per patient.
Equipment costs for the 3 dedicated computer units ($4200
each) and 3 auto-CPAP units ($1000 each) of $15 600 were
not factored into these since such costs would vary but are
given in Table 1. The recurrent per study cost ($86.50)
was multiplied by the average number of studies per group,
added to the one-time consumables cost, and the total was
multiplied by the number of subjects per group. The per
patient cost for performing PSMGY at our sleep disorders
center is estimated to be $979. This considers cost and depreciation for equipment and space rental, cost of utilities, insurance, administration and personnel, maintenance, and bad debts (nonpaying patients).
Mean differences between the 4 subgroups (Table 2
and Figure 2) (OSA-TIT, OSA-NEG, OSA-UNTIT, and
UNSAT-DIAG) were compared by analysis of variance for
multiple groups. Mean differences between baseline and
follow-up parameters including questionnaires and pre–
RDI- and post–RDI-machine or pre–RDI- and post–RDIvisual scores were compared by t test for paired data.
Throughout the report, the significance level for rejection
of the null hypothesis is P,.05. All variance expressed in
the text and figures is ±1 SD.

in the first few weeks of home treatment and were asked
to return the machines. One subject moved from the study
area, seeking treatment elsewhere.
COMMENT

THE NEED FOR ALTERNATIVES TO PSMGY
Based on recent epidemiologic reports, estimates, and ongoing longitudinal studies of various subpopulations (older
people, truck drivers, patients at primary care practices),
it seems that the prevalence of OSA is much higher than
previously suspected.8,9 The standard for the diagnosis and
treatment of OSA has been one or more nights of study
using in-laboratory PSMGY followed by technicianmonitored titration with a nasal CPAP machine, again using PSMGY. As more and more health care practitioners
become aware of the symptoms associated with sleep disorders, referrals to sleep laboratories for formal PSMGY
should increase. However, PSMGY is labor intensive, may
be expensive, may be backlogged owing to sleep laboratory slot availability, may not be readily available to rural
patients, and usually entails referral to a sleep specialist.
Numerous home monitoring devices have been tested to
supplement PSMGY, but sensitivity and specificity vary
depending on the device and the examiner.12-14 Home studWWW.ARCHFAMMED.COM
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Figure 1. Left, Ten-minute segment of the analog printout from a study subject with severe sleep apnea diagnosed using the automatic titrating continuous
positive airway pressure machine (Horizon; DeVilbiss, Somerset, Pa) and dedicated computer (Surveyor; DeVilbiss) as an unattended monitor for apnea and/or
hypopnea. Panel 1 (top most) shows airflow from the pneumotachograph with repetitive apneas interspersed between 2 and 3 breaths; panel 2, machine scoring
of apneas; panel 3, the repetitive oxyhemoglobin desaturation related to these apneas; panel 4, repeated episodes of severe snoring; panel 5, the continuous
positive airway nasal mask pressure at 3 cm H20, which allows the pneumotachograph to function; and panel 6, body position. Right, The same patient studied on
a subsequent night with the automatic titrating continuous positive airway pressure machine placed in the titration mode. The parameters on each panel are the
same as on the left. The automatic titration upper and lower nasal mask pressure limits were set at 13 and 7 cm H2O, respectively. There was marked attenuation
of apneas seen in panel 1, with normalization of arterial oxygen saturation. Panel 5 shows the nasal mask pressure being titrated upward to 13 cm H2O in
response to snoring and a single apnea seen in panel 1. The subject is sleeping supine in both studies.

ies have often been espoused as “screening exams” to allow a better selection of patients to be referred for formal
PSMGY. However, since an unattended study with normal findings does not preclude apnea, home monitoring
cannot be economically satisfactory as a screening examination if it results in the patient undergoing 2 studies instead of 1. Home monitoring needs to serve as a diagnostic device, which when the findings are abnormal can lead
to treatment, but when the findings seem normal may require the patient’s undergoing PSMGY. In this way it might
decrease the expense of diagnosing and treating patients
with OSA and perhaps shorten the waiting time from clinical suspicion to treatment.

Subjects Enrolled
(N = 63)

Unsatisfactory Diagnosis
(n = 9)
OSA
Completed
PSMGY
(n = 7)

Refused
PSMGY
(n = 2)

OSA or UARS,
Refused CPAP
(n = 5)

OSA or UARS,
Accepted CPAP
(n = 2)
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NEG

<10 Events
per h
(n = 9)

OSA, CPAP
Untitrated
(n = 10)

Refused
Home CPAP
(n = 8)

DIAGNOSIS AND TREATMENT
WITH THE SAME DEVICE
Several auto-CPAP machines have been approved for use
in the United States and Europe. Within a few years, inlaboratory CPAP titration may be extensively supplemented by home auto-CPAP titration.22,23 Some of these
machines have dedicated diagnostic computers that measure airflow, position, and oximetry. Thus, theoretically, the same auto-CPAP machine could be used to establish the presence of apnea, followed on subsequent
nights by auto-CPAP titration. Employing this paradigm, our study yielded the following important findings: (1) Fifty-four (86%) of 63 subjects enrolled were

Satisfactory Diagnosis
(n = 54)

CPAP Prescribed
by Laboratory
(n = 2)

Diagnosed
With OSA
(n = 45)

OSA, CPAP
Titrated
(n = 35)

Dropped
(n = 5)

OSA, CPAP
Therapy
(n = 30)

Figure 2. Schematic showing the outcome of unattended home monitoring
and automatic titrating continuous positive airway pressure (auto-CPAP)
machine titration in the 63 subjects. Unsatisfactory diagnosis indicates
subjects whose home diagnostic study results were unsatisfactory to
establish a diagnosis of obstructive sleep apnea (OSA); PSMGY,
polysomnography; OSA-NEG, sufficient diagnostic study results showed
fewer than 10 apneas and/or hypopneas per hour of recording time; UARS,
upper airway resistance syndrome; OSA, CPAP untitrated, subjects with OSA
who did not complete sufficient auto-CPAP titration studies to establish an
effective CPAP treatment pressure; and OSA, CPAP titrated, subjects
completing diagnostic and auto-CPAP titration studies sufficient to establish
a diagnosis of OSA and effective treatment pressure.
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Table 1. Cost Comparison of Diagnostic Home Studies vs In-Laboratory Polysomnography (PSMGY)*
OSA-TIT
(n = 35)
No. of diagnostic studies needed
Cost of diagnostic home studies

1.4
9033

Cost of diagnostic PSMGY
Cost of titration home studies (2.4 per subject, n = 30)
Cost of titration PSMGY
Total home cost
Total PSMGY cost

34 265
6228
29 370
15 261
63 635

UNSAT-DIAG
(n = 9)

OSA-NEG
(n = 9)

1.0
2011
6573†
8811
...
...
8584
8811

1.4
2323
8811
...
...
2323
8811

OSA-UNTIT
(n = 10)
1.6
2754
9790
865
9790
3619
19 580

Total Cost
...
22 694
61 677
7093
39 160
29 787
100 837

*OSA-TIT indicates subjects completing diagnostic and automatic titrating continuous positive airway pressure (auto-CAP) titration studies sufficient to
establish a diagnosis of obstructive sleep apnea (OSA) and effective treatment pressure; UNSAT-DIAG, subjects whose home diagnostic study results were
unsatisfactory to establish a diagnosis of OSA; OSA-NEG, sufficient diagnostic study results showed fewer than 10 apneas and/or hypopneas per hour of
recording time; OSA-UNTIT, subjects with OSA who did not complete sufficient auto-CPAP titration studies to establish an effective CPAP treatment pressure; cost
of diagnostic home studies, the estimated cost of home studies based on the number of patients in the category multiplied by the average number of studies per
patient (see the “Patients, Materials, and Methods” section). Equipment costs for 3 dedicated computer units (Surveyor; DeVilbiss, Somerset, Pa) ($4200 each)
and 3 auto-CPAP units (Horizon; DeVilbiss) ($1000 each) of $15 600 were not factored into the cost of diagnostic polysomnography (PSMGY). Cost of titration
home study indicates the estimated cost of home titration studies with interpretation based on the number of patients in the category (OSA-TIT and OSA-UNTIT)
multiplied by the average number of studies per patient (2.4 and 1.0, respectively). The per-patient cost (cost of titration PSMGY) for performing PSMGY at our
sleep disorders center is $979, which considers cost and depreciation for equipment and space rental, cost of utilities, insurance, administration and personnel,
maintenance, and bad debts (nonpaying patients). Values for costs are given as dollars except where indicated.
†Cost of PSMGY for 7 subjects failing home diagnostic monitoring.

Table 2. Baseline Morphometric, Sleep,
and Questionnaire Parameters*

Parameter
Age, y
BMI, kg/m2
ESS
CQ
SaO2, %
Baseline
Minimum
RDI-machine
RDI-visual

Table 3. Baseline and Follow-up Parameters
From OSA-TIT Group*

OSA-TIT
(n = 35)

UNSAT-DIAG
(n = 9)

OSA-NEG
(n = 9)

OSA-UNTIT
(n = 10)

54.2 ± 1.7
36.4 ± 1.7
16.6 ± 0.6
40.3 ± 1.4

48.9 ± 0.3
35.5 ± 3.4
12.0 ± 1.8‡
38.2 ± 3.3

45.2 ± 3.2†
34.0 ± 2.4
15.0 ± 1.9
39.6 ± 1.5

49.3 ± 2.9
35.6 ± 2.4
16.6 ± 1.6
39.1 ± 2.3

93.3 ± 0.4§
85.5 ± 0.9§
21.2 ± 3.0
34.1 ± 3.7

...
...
...
...

95.1 ± 0.6
90.6 ± 1.1
0§
1.0 ± 0.5§

94.6 ± 0.8
87.3 ± 0.8
23.2 ± 8.3
34.6 ± 9.6

*OSA-TIT indicates subjects completing diagnostic and automatic titrating
continuous positive airway pressure (auto-CPAP) titration studies sufficient to
establish a diagnosis of obstructive sleep apnea (OSA) and effective treatment
pressure; UNSAT-DIAG, subjects whose home diagnostic study results were
unsatisfactory to establish a diagnosis of OSA; OSA-NEG, sufficient diagnostic
study results showed fewer than 10 apneas and/or hypopneas per hour of
recording time; OSA-UNTIT, subjects with OSA who did not complete sufficient
auto-CPAP titration studies to establish an effective CPAP treatment pressure;
BMI, body mass index; ESS, Epworth Sleepiness Scale (0-24); CQ, Cleveland
Questionnaire (0-60); baseline SaO2, mean nocturnal arterial oxygen saturation
(SaO2) at baseline study; minimum SaO2, mean minimal nocturnal SaO2 at
baseline study; RDI (respiratory disturbance index)-machine, baseline apneas
and/or hypopneas per hour of recording time measured by automated machine
count; RDI-visual, apneas and/or hypopneas per hour of recording time
measured by visual scoring by the investigators; and ellipses, not applicable.
Values are given as mean ± 1 SD except where indicated.
†Differs from OSA-TIT and UNSAT-DIAG subjects by P,.001.
‡Differs from OSA-TIT and OSA-UNTIT subjects by P,.001.
§Differs from OSA-NEG and OSA-UNTIT subjects by P,.001.

able to complete satisfactory, self-applied, home monitoring, and 45 (83%) of these had a diagnosis of OSA established without PSMGY. (2) Of 45 subjects in whom a
diagnosis of OSA was established, 35 (78%) were able
to be titrated at home by auto-CPAP titration to an adequate pressure to manage their apnea and hypopnea and
snoring. (3) Thirty (67%) of the 45 subjects with OSA
accepted in-home us of the machine for chronic treatARCH FAM MED/ VOL 9, FEB 2000
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Epworth Sleepiness Scale,
range 0-24 (n = 30)
Cleveland Questionnaire,
range 0-60 (n = 30)
Multiple Sleep Latency Test, min
(n = 26)
RDI-machine, No. of respiratory
events per h (n = 30)
RDI-visual, No. of respiratory
events per h (n = 30)
No. of diagnostic studies needed
No. of therapeutic studies needed
Maximal CPAP, mean, cm H2O
Average CPAP, mean, cm H2O

Baseline

Follow-up

16.8 ± 0.6

10.5 ± 0.9†

39.5 ± 1.6

24.3 ± 1.6†

3.7 ± 0.6

5.7 ± 0.8†

21.2 ± 3.2

6.0 ± 0.6†

34.1 ± 4.0

8.6 ± 0.8†

1.4 ± 0.1
2.4 ± 0.3
12.8 ± 0.6
9.4 ± 0.6

...
...
...
...

*Min indicates minutes to first epoch of scored sleep by
polysomnography; RDI, respiratory disturbance index; CPAP, continuous
positive airway pressure; and ellipses, not applicable. Values are given as
mean ± 1 SD except where indicated.
†Differs from baseline value by P,.01 or greater.

ment. (4) There could be substantial savings considering that home studies would have cost about one fourth
that of PSMGY monitoring.
We did not use PSMGY as an initial diagnostic tool
with direct comparison to the unattended monitoring device for 2 reasons. First, our home monitoring device used
a pneumotachograph, which is much more accurate for
measuring respiration than a nasal thermistor, routinely used in PSMGY.24-26 We were readably able to examine flow limitation since we could visualize breathby-breath inspiratory flow morphologic characteristics.25,26
Therefore, it would be difficult to say which should be
considered the criterion standard in such a comparison—a semiquantitative nasal thermistor in PSMGY or
a more accurate pneumotachograph in this unattended
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monitoring system. Second, to test the paradigm as postulated, we felt that it was important not to be influenced by the results of the PSMGY but instead to apply
historical and unattended CPAP monitoring and titration results to arrive at a diagnosis and therapeutic plan
and then request PSMGY in the event of failure or doubt.
This particular unattended system was chosen because
it could function as both a diagnostic and titration tool,
minimizing instruction and familiarization time to the
patient by using only 1 device.
CRITIQUE
A criticism of this study is that the low nasal airflow generated by a CPAP pressure of only 3 cm H2O was uncomfortable for some subjects, causing them to abandon diagnostic workup within the study paradigm. Subjects failing
for this reason would have been in the UNSAT-DIAG
group. Two of the 9 subjects refused PSMGY, and true
diagnosis for their condition remains unknown. Two
had PSMGY results that showed RDIs of 51 and 11 per
hour and accepted home CPAP therapy. Five others had
PSMGY results that showed either OSA (RDI scores of 98,
60, and 31 per hour) or as in 2 of these 5, were suggestive
of upper airway resistance syndrome.21 But following diagnostic PSMGY, they all refused in-laboratory CPAP titration and may have in general been intolerant of nasal
masks. Thus, of the 63 subjects, it is possible that 2 were
unable to complete adequate diagnostic studies because
of the low diagnostic CPAP pressure required to operate
the pneumotachograph.
A contrary hypothesis is that, theoretically, a CPAP
pressure of 3 cm H2O eliminated apneas in some subjects during the diagnostic night, concealing an abnormal diagnosis. We believe this to be unlikely in that the
usual nasal mask pressure at which upward CPAP titration begins is 5 cm H2O, and few patients are adequately
treated at this level. Since it was necessary to have some
air flowing over the pneumotachograph for the system
to work, as well as to provide the patient with fresh airflow through the occluding nasal mask, this situation was
unavoidable. False-negative diagnoses missed because of
the diagnostic CPAP pressure of 3 cm H2O would have
appeared in the OSA-NEG group (n = 9). Of these, 3 subjects refused PSMGY, 2 had mild apnea with inlaboratory RDIs of 17 and 15 per hour, respectively, and
4 had normal findings from PSMGY. Thus, it is possible
that up to 5 diagnoses (2 subjects with normal findings
and 3 refusing PSMGY) could have been missed because of the 3 cm H2O CPAP pressure concealing apnea.
It is more likely that intrasubject variability was the cause
of missing the diagnosis in these subjects.11 Nevertheless, by the algorithm, such patients (subjects with normal findings) would have been referred for PSMGY and
thus been diagnosed by a thermistor or other airflow detection device in the laboratory.
NASAL CPAP INTOLERANCE
The initial refusal to accept complete CPAP titration or
take the machine home is compatible with published inlaboratory CPAP compliance reports.27-29 For example,
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Waldhorn et al27 report that 19 (15%) of 125 of patients
with OSA refused a home nasal CPAP trial or did not tolerate nasal CPAP titration in the laboratory. Krieger et
al28 report that 153 (21%) of 728 patients with OSA refused to accept home CPAP therapy. Schweitzer et al29
report that an overall 33 (24%) of 133 patients with OSA
refused home CPAP therapy (either titration or taking
the machine home). Furthermore, 16 (12%) of 133 patients who tolerated the CPAP titration in the laboratory refused to take the machine home. Thus, our 18%
home auto-CPAP refusal rate in patients with proven OSA
appears to be compatible with published figures on CPAP
intolerance and not directly owing to unattended home
diagnostic or treatment monitoring.
The estimated cost of all home diagnostic studies
was $22 694 (Table 1), which includes diagnostic
PSMGY in the 7 failed home study patients who agreed
to undergo PSMGY (Figure 2). Figuring that all of these
subjects would require only 1 diagnostic PSMGY in our
sleep disorders center at a cost of $979 per patient, that
diagnostic method would have cost $61 677 for the same
subjects. The estimated cost of all home titration studies was $7093, allowing the same costs as a diagnostic
study. Figuring that all of these subjects would require
only 1 CPAP titration by PSMGY at the same cost of $979
per patient, it would have cost $39 160 for the same subjects. The total cost for all unattended home studies would
have been $29 787 and for PSMGY, $100 837. It is difficult to compare the exact cost of home monitoring with
PSMGY since costs will vary with geographic location,
employee salaries, physician charges, cost for consumables, etc. We have itemized our costs so that the reader
might substitute their own local costs to examine the costsavings of home monitoring vs PSMGY. We did not factor in the cost of the home monitoring equipment because the purchase cost of sleep laboratory equipment
is not factored into PSMGY costs. Adding the cost of a
3-patient monitoring system ($15 600) to the total cost
of monitoring the patients in this study would come to
less than $40 000.
THE HOME OSA DIAGNOSIS/TREATMENT
ALGORITHM
The purpose of this study was not to abrogate the role of
PSMGY or the sleep specialist in the workup and treatment of patients with OSA, but to create a more selective PSMGY referral population. Just as patients with nonspecific chest pain, arthritis, or asthma have a recognizable
constellation of signs and symptoms, the signs and symptoms of patients with OSA may be typical and classic. Once
suspected, the clinician must confirm the diagnosis and
initiate treatment by an accurate, cost-effective method.
Current practice takes the diagnosis and treatment of OSA
out of the hands of the primary physician and transfers
it to the sleep laboratory. This may in part discourage the
primary care giver from learning more about basic sleep
disorders, such as OSA.
This study did not ask what level of physician training is required to interpret these study results (since this
study was done by subspecialists engaged in the practice of sleep medicine), nor did it provide data as to the
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application of this algorithm to the family practice or primary care setting. To determine such would require a prospective study applied to the primary care environment.
However, the technical requirement for operating this
equipment is well within the grasp of most nurses and
office personnel. The skills for taking an accurate sleep
history and learning to deal with simple CPAP problems are within reach of the family medicine practitioner, especially with such tools as the ESS and CQ available to quantitate symptoms.
If symptomatic improvement does not occur within
a few weeks of initiating CPAP therapy and the patient is
shown by the CPAP hourly use meter to be compliant, an
algorithm similar to that followed in this study can be instituted. That is, referral for PSMGY should occur if the patient has (1) normal study results (,10 apneas and/or hypopneas per hour), (2) an unsatisfactory diagnostic study
(missing data, major mask or mouth leaks precluding scoring, short recording time, etc), (3) is unable to be titrated
to an acceptable CPAP pressure, (4) refused to accept the
auto-CPAP machine for home use, or (5) remained symptomatic (sleepy) after several weeks of objectively verified
home auto-CPAP use. Were this clinical paradigm to be
applied to home monitoring and auto-CPAP titration, then
patients with complicated disorders, such as OSA plus periodic leg movements (restless legs syndrome), OSA plus
narcolepsy, or patients demanding more individual attention in adjusting to the equipment, would undergo inlaboratory PSMGY and treatment. In a recent report,30
a rural primary care facility without a sleep specialist
increased the rate of diagnosis of sleep disorders in its patient population of 14 330 from 0.27% to 2.1% (294 cases)
over a 1-year period by increased alertness and interest of
its physicians in this new area of medicine.
Current American31 and Australian32 consensus panels recommend that every patient with suspected sleep
apnea syndrome receive formal in-laboratory PSMGY. British guidelines have not followed this and state that oximetry alone or oximetry plus video recording is sufficient to diagnose many patients.33 The latter position is
supported in a recent report comparing oximetry with
PSMGY.34 We believe that in the future, in-home unattended diagnosis and CPAP titration will be common, especially in more severe patients with classic symptoms
and in patients with limited access to PSMGY. Much of
the initial testing could be done by primary care physicians, reserving the more difficult diagnosis and treatment cases for sleep specialists.
Accepted for publication June 28, 1999.
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