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Study Objectives: Obstructive sleep apnea (OSA) diagnosis using simplified methods such as portable sleep monitoring (PM) is only recommended
in patients with a high pretest probability. The aim is to determine the diagnostic efficacy, consequent therapeutic decision-making, and costs of
OSA diagnosis using polysomnography (PSG) versus three consecutive studies of PM in patients with mild to moderate suspicion of sleep apnea
or with comorbidity that can mask OSA symptoms.

Design and Setting: Randomized, blinded, crossover study of 3 nights of PM (3N-PM) versus PSG. The diagnostic efficacy was evaluated
with receiver operating characteristic (ROC) curves. Therapeutic decisions to assess concordance between the two different approaches were
performed by sleep physicians and respiratory physicians (staff and residents) using agreement level and kappa coefficient. The costs of each
diagnostic strategy were considered.

Patients and Results: Fifty-six patients were selected. Epworth Sleepiness Scale was 10.1 (5.3) points. Bland-Altman plot for apnea-hypopnea
index (AHI) showed good agreement. ROC curves showed the best area under the curve in patients with PSG AHI = 5 [0.955 (confidence
interval = 0.862-0.993)]. For a PSG AHI = 5, a PM AHI of 5 would effectively exclude and confirm OSA diagnosis. For a PSG AHI = 15, a PM AHI =
22 would confirm and PM AHI < 7 would exclude OSA. The best agreement of therapeutic decisions was achieved by the sleep medicine specialists
(81.8%). The best cost-diagnostic efficacy was obtained by the 3N-PM.

Conclusions: Three consecutive nights of portable monitoring at home evaluated by a qualified sleep specialist is useful for the management of

patients without high pretest probability of obstructive sleep apnea or with comorbidities.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a disorder with a high prev-
alence,'? associated with significant morbidity and mortality*”’
and increased use of healthcare resources. OSA treatment
reduces the health-related consequences.®!! Standard laboratory
polysomnography (PSG) is considered the gold standard for
the diagnosis of OSA. The evaluation of patients with a clinical
suspicion of OSA is usually undertaken in reference centers by
physicians specialized in sleep medicine. In addition to being
expensive, this procedure requires considerable technical exper-
tise and is of limited availability in many areas. There currently
is a large number of patients requiring a sleep test, resulting in
considerable economic, social, and health problems.

Various strategies have been implemented to tackle this
issue. One of these is the performance of type 3 portable
sleep monitoring system at home (PM).'>2° However, this
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simplified procedure has only been demonstrated as being useful
in patients with a high pretest probability of OSA.'2!41820 In
patients without high pretest probability it is not recommended,
mainly because of a lack of analysis of sleep efficiency and the
number of arousals,’?? variability in the apnea-hypopnea index
(AHI),">! or even the first-night effect.”> Moreover, PM is also
not recommended in disorders such as insomnia, fibromyalgia,
anxiety, and depression, as well as clinical diseases that can
mask OSA symptoms.

Because this group of patients currently comprises a large
number of subjects, its management represents a huge chal-
lenge that could lead to important social, health, and economic
repercussions. Therefore, a potential valuable approach to
make a diagnosis in this population could be the use of simpli-
fied devices over 3 consecutive nights.

HYPOTHESIS AND OBJECTIVE

We hypothesize that performing at least three consecutive
home studies with a simplified system could be as useful as a
full PSG in establishing a cost-efficient diagnosis and reaching
a decision about treatment in patients without high pretest
possibility of OSA or with associated comorbidity. We carried
out a randomized, blinded, crossover study of 3 nights of PM
(3N-PM) versus standard laboratory PSG to determine the
diagnostic efficacy, therapeutic decision-making, and the cost
of the two procedures in this group of patients.
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Table 1—Significant comorbidities (comorbidities with significant every
day symptoms)

Cardiovascular

Chronic obstructive pulmonary disease

Asthma

Insomnia

Anxiety

Depression

Fibromyalgia

Chronic fatigue syndrome

Psychiatric treatment (use of at least one psychiatric medication)

METHODS

Study Subjects

The study population consisted of subjects who were referred
to the sleep unit of the Clinic Hospital, Barcelona, Spain, or the
San Pedro de Alcantara Hospital, Caceres, Spain, with a mild-
moderate clinical suspicion of OSA or with significant comor-
bidity that induced frequent symptoms which mimicked those
of OSA or could reduce sleep time.

The inclusion criteria were: (1) patients with snoring and/
or some observed apneas during sleep; (2) Epworth Sleepiness
Scale less than 15*%%; (3) subjects with significant comorbidity
with secondary daily symptoms (see Table 1)*; and (4) age
between 18 and 75 y.

The exclusion criteria were as follows: (1) high suspicion of
sleep apnea (heavy snoring, breathing pauses, and somnolence
that makes social life or working difficult, without any other
causes of hypersomnia); (2) diagnosis of OSA; (3) heart disease
that substantially impairs daily activities or with ejection fraction
(EF) < 30%, resistant systemic hypertension,? disabling stroke,
unstable pulmonary disease; (4) suspicion of nonapneic sleep
disorders such as narcolepsy, rapid eye movement behavior disor-
ders, and restless leg syndrome; (5) psychophysical disability that
would impede the application of the type 3 portable sleep moni-
toring system; and (6) lack of informed consent for the protocol
approved by the ethics committees of the two centers.

Protocol

We compared 3N-PM with laboratory-standard PSG in
randomized patients who met the inclusion and exclusion
criteria. The subjects were studied on a random basis for 1
night in a sleep laboratory (standard PSG) and for 3 consecu-
tive nights with PM at home. After the first test had started, the
second test was scheduled to begin within the following 2 days.
PSG and PM were scored separately and the technicians and
physicians were blinded to any identifying information about
the patients, as well as to any previous results (Figure 1 shows
the design of the study).

Measurements

Clinical Data
Sex, age, weight, height, body mass index (BMI), waist-hip
ratio, neck circumference, systolic and diastolic blood pressure,
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alcohol intake measured as < 60 g/day or > 60 g/day, and
tobacco consumption.

Significant Comorbidity

Cardiovascular, metabolic, or lung diseases, as well as diag-
nosis of insomnia, anxiety, depression, fibromyalgia, chronic
fatigue syndrome, or psychiatric treatment.

Symptoms Related to OSA

Episodes of nocturnal choking, nocturia, morning headache,
or morning tiredness. These data were collected in four degrees
of intensity (never, sometimes, frequently, and always). Sleepi-
ness was measured by the Epworth Sleepiness Scale and the
American Sleep Disorders Association (ASDA) Sleepiness
SCale.24‘25’27

Other Questionnaires

(1) (Functional Outcomes of Sleep Questionnaire (FOSQ),
which assesses the effect of excessive sleepiness on everyday
multiple activities.” (2) Euroqol-5D (EQ-5D), which is a stan-
dardized instrument to use as a measure of health outcome.?

Sleep Studies

Standard laboratory PSG (Somté PSG, Compumedics
Limited 2006, Abbotsford, Victoria, Australia) was performed
according to the technical specifications of the American
Academy of Sleep Medicine (AASM).*° The recorded variables
were electroencephalogram (EEG), with derivations F4-M1,
C4-M1, and O2-M1; electro-oculogram (EOG); chin electro-
myogram (EMG); leg EMG; and electrocardiogram (ECG).
Respiratory variables measured by linearized nasal pressure
prongs and oronasal thermal flow waveform; respiratory effort
signals measured by inductive bands that recorded ribcage
and abdominal movements; oxygen saturation; body position
and snoring. A type 3 portable sleep apnea testing was used
to perform PM (Sleep&Go, Bitmed, Sibel S.A., Barcelona,
Spain).*! Recorded variables were: flow measured by linearized
nasal pressure prongs, thermal flow, body position, rib-cage
and abdominal movements measured by inductive bands, and
oxygen saturation. After a detailed explanation of the use of the
PM device (setup and withdrawal) in the hospital setting, it was
taken home and returned by the patient after three home studies.

A valid PSG or PM should have at least 180 recorded min.
Moreover, a valid PM had to have at least 3 h of flow or bands
and oximetry measurements for scoring. The PM time consid-
ered for scoring (PM scoring time) was defined as recording
time minus the erratic breathing periods according to previ-
ously validated criteria.'"” Mean values were obtained for the
3 nights of PM. If one study was considered not to be valid,
this was removed and the mean values were obtained from the
other 2 nights with PM. If two studies in the same patient were
considered not to be valid, the patient was excluded.

The PSG and PM were scored manually, separately, and blinded
by independent technicians. Sleep staging was performed using
the standardized AASM criteria.*® The respiratory variables
obtained from PM and PSG were scored according to the AASM
criteria®: apnea was defined as a decrease in the peak signal
excursion of ~90% from the preevent baseline with a duration
of> 10 sec; and hypopnea was defined as a discernible reduction
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in the amplitude of the airflow signal (=30% of preevent base-
line) of at least 10 sec of duration, associated with an arousal
and/or > 3% oxygen desaturation from the preevent baseline.
For PM, the apnea had the same definition and hypopnea was
defined as a discernible reduction in the amplitude of the airflow
signal (=30% of pre-event baseline) of at least 10 sec of duration,
associated with > 3% oxygen desaturation.

Making the Therapeutic Decision

In addition to the real treatment decision of the physicians
from the two sleep units, the other 15 reviewers (five sleep
medicine specialists; five respiratory physicians; and five respi-
ratory resident physicians who had been trained for at least 3
mo in a sleep laboratory) from the other five sleep laboratories
in Spain, via a website showing clinical data from the patients
and data from the sleep studies, took the therapeutic decisions.
The increasing prevalence of OSA has led to establish networks
between sleep reference and primary care centers. In our area,
a respiratory physician with knowledge in sleep medicine acts
as a link between both. Therefore, to improve management
of the sleep apnea patients, we wanted to evaluate the thera-
peutic decision made among the different levels implicated.
The reviewers chose one of two options: (1) continuous posi-
tive airway pressure (CPAP) treatment; (2) no CPAP treatment/
other therapeutic measures. Each patient was presented twice
(with PSG or PM information), blinded and nonconsecutively.
The criteria for recommending CPAP were an AHI between 5
and 30 events/h with significant symptoms or consequences or
an AHI > 30 events/h, taking less into account symptoms or
consequences, according to the Spanish Sleep Network guide-
lines. Additionally, a simulation based on AASM criteria
(CPAP would be recommended for both PSG and PM if the
AHI score was > 15 or between 5 and 15 with significant symp-
toms or consequences) was performed.*

Statistics

It was estimated that, after accepting an alpha risk of 0.05 and
beta risk of 0.2 in a two-sided test, 55 subjects were needed for
a minimum difference in AHI of 7.0 units to be recognized as
statistically significant.” The standard deviation was assumed
to be 18 units."” A dropout rate of 5% was anticipated.

Outcomes to be Studied and Statistical Analysis

The means of the data obtained from the 3N-PM were
compared with PSG data. Student #-test and Bland-Altman plots
were used to determine the agreement between the AHI measure-
ments obtained by PSG and PM. Analysis of variance was used
to assess the variability between each of the nights of PM. The
efficacy of the diagnostic test was evaluated using sensitivity
and specificity; positive and negative likelihood ratios [LR
(+) and LR (—)]; and the percentage of patients with positive
and negative diagnosis. The posttest probability of obtaining
a true positive when the test was positive or negative was
calculated, based on the pretest probability (prevalence of the
disease) and the positive and negative LRs. Receiver operating
characteristic (ROC) curves were plotted for the mean of the
3N-PM with the different polysomnographic AHI cutoff points
(=5,>10,>15,> 30) for OSA diagnosis to determine the best
ROC curve based on area under the curve (AUC) measurements.
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Mild-moderate suspicion of
OSA or comorbidity (1)
All patients (234 patients)
with suspected
OSA |
during 1y
(528 patients) At random
(56 patients were chosen)
I
A B

Randomization

Performed 3N-PM
(27 patients)

Performed PSG
(29 patients)

1 patient lost 1 missed test

Performed PSG
(26 patients)

Performed 3N-PM
(29 patients)

J 6 missed tests

Figure 1—Flow chart of the patients during the study. In branch A, 27
patients we subjected to the 3 nights of type 3 portable monitoring at
home (3N-PM) first. One patient was lost (during the 3 nights the oxymeter
signal was not recorded), and one study was missed (during the first night
the oxymeter signal was not recorded). The polysomnography (PSG) was
then performed in 26 patients. In branch B, 29 patients received PSG
first. When the 3N-PM were performed in this group, six studies were
invalidated: two studies during night 1 (one recording of less than 180
min and another with no recording); one, during night 2 (no recording);
and three during night 3 (two recording of less than 180 min and another
unperformed by the patient).

|_ Compare PSG and 3N-PM
(55 patients)

Making the Therapeutic Decision

The reviewers were grouped as sleep medicine specialists,
respiratory medicine physicians and resident physicians. A
median of the therapeutic decisions of each group was obtained.
Agreement level (100 minus the sum of false positives and
negatives) and Cohen kappa coefficient was used to determine
the agreement between therapeutic decisions. All the analyses
were developed with the Statistical Package for Social Sciences
(SPSS, 21.0 for Windows; SPSS Inc., Chicago, IL).

Cost Analysis

We considered the costs of each diagnostic strategy in an
analysis of two equally effective alternatives.'® Figure 2 shows
the flowchart used to calculate the two strategies’ costs per
patient for equal diagnostic efficacy.

Test, Patient, and Total Costs for PSG and PM

The estimated test costs of PSG and PM were obtained from the
financial department from the two hospitals involved. These costs
included the following: personnel involved, equipment deprecia-
tion, and expendable material. In the case of PM, personnel costs
included the time spent for patient’s training on how to use the
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== Decision nodes

= === Cost imputation nodes

Randomization
| 56 patients |
3N-PM PSG
(56) |' (56) ‘l
No valid (1) Valid No valid No valid Valid
(3 tests) (55) (7 tests) (0) (56)
I | : :
Perform PSG Gray zone False +/- Diagnosis No additional PSG cost
(1) 0 (3) (52) : cost (56)
PSG cost PSG cost "
No additional cost
(1) (3)

Figure 2—Costs of the each diagnostic strategy. The costs of each diagnostic strategy were considered in an analysis of two equally effective alternatives.
In the 3 nights of type 3 portable monitoring at home (3N-PM) branch, only one patient was lost and had to undergo PSG to reach a diagnosis. Fifty-five
patients were considered as having valid recordings, although seven missed tests were found in a single night, which did not influence the final diagnosis. In
the polysomnography (PSG) branch all 56 tests were valid. For PSG, the test cost for equal diagnostic efficacy was the sum of the test cost and the cost of
repeated PSGs because of no valid recordings. For PM, the test cost for equal diagnostic efficacy was the sum of the test cost and the following: the cost of
PSG for one patient with no valid PM recordings, and the cost of three patients with false-positive and false-negative results (False +/-).

portable device, for device setup, cleaning, and data downloading,
and for scoring three tests as well as reviewing and interpreting
them. Patient costs were estimated according to the average cost
for each patient of traveling from home to hospital and back by
taxi. We considered a round trip to the hospital in the case of PSG
and two round trips to pick up and return the PM device. To esti-
mate the costs per patient, the test and patient costs were divided
by the number of patients with a valid recording. To obtain the
total costs of PSG and PM, we added the test and patient costs.

Test, Patient, and Total Costs for Equal Diagnostic Efficacy for PSG
and PM

For PSG, the test cost for equal diagnostic efficacy was the
sum of the test cost and the cost of repeated PSGs because of
invalid recordings. For PM, the test cost for equal diagnostic effi-
cacy was the sum of the test cost and the following: the cost of
PSG for patients with invalid PM recordings; the costs of PSG in
patients with indeterminate diagnostic results (“gray zone) and
false-positive and false-negative results. To calculate the patient
costs for equal diagnostic efficacy, we also considered the trans-
port costs because of repetition of tests. To calculate the costs per
patient, these costs were divided by the number of patients who
completed the trial. Total PSG and PM costs for equal diagnostic
efficacy were obtained by adding up the test and patient costs.

RESULTS
General Data

Of 528 patients evaluated at the sleep laboratory during
1 y, 234 patients met the inclusion criteria, and of these 56
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were selected at random and then the protocol was random-
ized (Figure 1). The 56 PSGs performed were valid. With the
portable monitoring, 48 patients (85.7%) had three valid tests;
7 patients (12.5%) had two valid tests, and only in 1 patient
(1.8%) were all tests invalid.

The clinical characteristics and symptoms of the patients
are shown in Table 2. The Epworth Sleepiness Scale had a
mean + standard deviation (SD) of 10.1 (5.3) points. The
ASDA sleepiness scale showed that 47 patients (83.9%) had
mild sleepiness; 7 patients (12.5%), moderate sleepiness; and
2 patients (3.6%), severe sleepiness. Table 3 shows the health
status measured by the EQ-5D descriptive system. Greater
frequencies were found for problems in the dimension of
pain/discomfort in 59.0% and in the dimension of anxiety/
depression in 57.2%. The visual analog scale (EQ-VAS) had a
mean + SD of 63.0 (22.6); the EQ-5D index, a mean + SD of
0.6942 (0.2789); and the FOSQ questionnaire, a mean = SD of
86.9 (24.3).

Diagnosis

Data from the sleep studies can be seen in Table 4. PSG and
3N-PM showed no statistically significant differences in the
scoring time (PM) versus sleep time (PSG), body in back posi-
tion, desaturation index 3%, and the percentage of the night
with arterial oxygen saturation below 90%. Recording time,
subjective sleep time, AHI, and AHI in back (supine posture)
were statistically different (P < 0.05). After comparing nights
1, 2, and 3 and the mean of PM, no statistically significant
differences were found between each night in the different
parameters.
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Table 2—Clinical and anthropometric characteristics
Characteristic n=>56
Sex, M/F (%) 31/25 (55.4/44.6)
Age, y (SD) 53.7 (10.7)
BMI, kg/m? (SD) 30.2 (5.7)
Waist-hip ratio (SD) 0.92 (0.08)
Neck circumference, cm (SD) 39.6 (4.3)
Systolic pressure, mmHg (SD) 131.9 (21.3)
Diastolic pressure (SD) 85.8 (13.4)
Alcohol (%) < 60 g/day 16 (28.6)
(%) = 60 g/day 1(1.8)
Smoking (%) 10 (17.9)
Comorbidities
Rhinitis (%) 16 (28.6)
Allergies (%) 8 (14.3)
Hypertension (%) 31(55.4)
Diabetes mellitus (%) 5(8.9)
Lipid disorders (%) 16 (28.6)
Hyperuricemia (%) 7(12.5)
COPD (%) 2(3.6)
Asthma (%) 3(5.4)
Other causes of sleepiness
Insomnia (%) 34 (60.7)
Anxiety (%) 24 (42.9)
Depression (%) 25 (44.6)
Fibromyalgia (%) 9(16.4)
Chronic fatigue syndrome (%) 5(9.1)
Psychiatric treatment (%) 22(39.3)
Symptoms (%)
Never 33.9
Sometimes 21.7
Frequently 21.9
Always 16.5
Data are expressed as mean (SD) or as percentage of affirmative
answers. BMI, body mass index; COPD, chronic obstructive pulmonary
disease. Symptoms: episodes of nocturnal choking, nocturia, morning
headache, or morning tiredness.

Bland-Altman plots (Figure 3) for AHI between PSG and
3N-PM show good agreement, especially in the lower AHI
values. ROC curves for the 3N-PM with the different polysom-
nographic AHI cutoff points for OSA diagnosis are shown in
Figure 4. At different cutoff points of > 5, > 10, > 15, and > 30,
the best AUC was in patients with AHI > 5, [0.955 (95% confi-
dence interval [CI] = 0.862-0.993)]. All the AUCs were statisti-
cally significant at different cutoff points (P <0.001).

The diagnostic efficacy of PM was evaluated at PSG AHI
cutoff point > 5 and > 15, because these were the best and
worst AUCs, respectively. As shown in Table 5, at PSG AHI
cutoff point > 5 the prevalence of the disease (pretest prob-
ability) was 94.6%. A PM AHI < 5 would effectively exclude
OSA diagnosis because the LR (—) was 0.058 and the posttest
probability would decrease to 50.3%; a PM AHI > 5 would
confirm OSA because the positive posttest probability would
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Table 3—Euroqol 5D descriptive system
Dimension n %
Mobility
No problems 41 73.2
Some problems 13 232
Extreme problems 2 3.6
Self-care
No problems 47 83.9
Some problems 9 16.1
Extreme problems 0 0.0
Usual activities
No problems 34 60.7
Some problems 19 33.9
Extreme problems 3 54
Pain/discomfort
No problems 23 411
Some problems 24 429
Extreme problems 9 16.1
Anxiety/depression
No problems 24 429
Some problems 24 429
Extreme problems 8 14.3
50
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Figure 3—Bland-Altman plots. Bland-Altman plots. Mean of
polysomnography (PSG) and 3 nights of type 3 portable monitoring at
home (3N-PM) apnea-hypopnea index (AHI) versus difference in AHI
between PSG and 3N-PM. Central lines represent mean values whereas
upper and lower lines represent the agreement limits (mean + 1.96
standard deviation of the differences).
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increase to 98.1%. For a PSG AHI cutoff point > 15, the preva-
lence (pretest probability) was 70.9%. The PM AHI cutoff
point for confirming OSA would be > 22 because the LR (+)
was 7.79 and the posttest probability would increase to 95.0
%; a PM AHI < 7 would effectively exclude OSA because the
LR (—) was 0.091 and the posttest probability would decrease
to 18.2%.

Making the Therapeutic Decision
The best concordance of the therapeutic decisions
comparing PSG with 3N-PM was achieved by the sleep
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Sa0, below to 90%.

Table 4—Comparison of the data obtained from polysomnography and 3 nights of type 3 portable monitoring at home

PM PM PM 3N-PM
Study PSG 1¢t Night 2" Night 3 Night Mean P value® P value®

Recording time, min 474.1(49.8)  437.7(74.6)  4458(814)  4153(91.2)  4345(53.7) 0.002 0.292
Sleep time (PSG), min; or 380.2(66.0)  405.1(82.3)  400.4(100.8) 397.9(99.3)  401.9(59.6) 0.166 0.967
Scoring time (PM), min

Subjective sleep time, min 319.1(104.3) 342.8(88.3) 353.9(88.0) 353.1(96.1)  350.3(37.7) 0.027 0.829
Back position, % 456 (24.2) 47.8 (25.8) 43.9 (26.0) 47.0 (28.9) 46.6 (10.3) 0.516 0.756
AHI 29.6 (22.4) 22.6(21.2) 24.1(21.6) 24.3(21.2) 234 (4.4) <0.001 0.904
AHI in back position 41.1(29.6) 30.8 (24.3) 34.6 (24.5) 35.2 (25.0) 33.5(6.8) 0.001 0.446
Desaturation index 3% 24.6 (22.8) 23.0 (18.4) 23.4(18.5) 24.2 (18.1) 23.3(4.0) 0.382 0.962
Sa0, < 90% 10.0 (17.3) 10.5 (15.8) 10.8 (15.9) 11.6 (16.7) 10.7 (5.8) 0.685 0.926

Data are expressed as mean (standard deviation [SD]). 3N-PM mean (SD) is from mean of each night PM. Scoring time (PM), recording time minus the
erratic breathing periods according to previously validated criteria.'” 2P value between PSG and 3N-PM. ® P value between each night and mean of 3N-PM.
AHI, apnea-hypopnea index; 3N-PM, 3 nights of type 3 portable monitoring at home; PSG, polysomnography; Sa0, < 90%, percentage of the night with

Table 5—Exclusion and confirming 3 nights of type 3 portable monitoring at home cutoff points with polysomnographic apnea-hypopnea index cutoff

points = 5 and = 15

LR (+)
Sensitivity Specificity (95% CI)
AHI =5 from PSG,
pretest probability 94.6%

<and =5 96.2 66.7 2.88 (0.6-14.3)

AHI 2 15 from PSG,

pretest probability 70.9%
<7 94.9 56.2
222 48.7 93.7

217 (1.2-3.8)
7.79 (1.1-53.4)

At PSG AHI cut-off point = 5 an PM AHI < 5 would exclude obstructive sleep apnea (OSA) because the LR (-) = 0.058; and an AHI = 5 can confirm the
disease because the posttest probability (+) would increase from 94.6% (pretest probability) to 98.1%. At PSG cutoff point = 15 a PM AHI < 7 would exclude
OSA because the LR (=) = 0.091; and a PM AHI = 22 would confirm OSA because the LR (+) = 7.79. AHI, apnea-hypopnea index; LR, likelihood ratio; PM,
type 3 portable monitoring at home; posttest probability (+), the probability of the disease given a positive test result (PM); posttest probability (=) , probability
of disease given a negative result (PM); % of PM +/-, percentage of patients with a positive and negative diagnosis based on PM; PSG, polysomnography.

Posttest Posttest
probability (+) LR (=) probability (=)

(95% Cl) (95% Cl) (95% Cl) % of PM +/-
98.1(89.6-100)  0.058 (0.01-0.3)  50.3(3.9-96.2) 92.7/7.3
84.1(69.7-93.4) 0.091(0.02-04)  18.2(0.3-51.8) 87.3/12.7

95.0(743-99.9)  055(04-08)  57.1(39.3-73.7) 60/40

medicine specialists, as they had good strength of agree-
ment with a level of 81.8% (95% CI = 69.7-89.8) and a
kappa=0.657 (SD = 0.096); whereas the respiratory medicine
physicians had an agreement level of 72.7% (95% CI = 59.8—
82.7) and kappa = 0.486 (SD = 0.089); and the resident physi-
cians had an agreement level of 67.3% (95% CI = 54.1-78.2)
and kappa = 0.427 (SD = 0.087). The main discrepancy in
the therapeutic decision-making in the 55 patients was the
disagreement of the sleep medicine specialists in 10 cases
(18.2%). The main cause of this discrepancy was the differ-
ences in the AHI (recommendation of CPAP when evalu-
ated by PSG [AHI > 30], but not when evaluated by 3N-PM
[AHI < 30]). The respiratory physicians disagreed in 15 cases
(27.3%), again because of differences in the AHI, as well as
discrepancies between symptoms and a low AHI. Finally, the
residents had disagreements in 18 patients (32.7%), mainly for
the two reasons mentioned previously, but also because of the
presence of comorbidities. Interobserver variability between
therapeutic decision-making by sleep medicine specialists
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had a kappa = 0.615 for PSG and kappa = 0.521 for 3N-PM;
by respiratory medicine physicians, for PSG kappa = 0.517
and 3N-PM kappa = 0.474; and by resident physicians, PSG
kappa = 0.579 and 3N-PM kappa = 0.422.

Simulation Following AASM Criteria

The results, based on the simulation with AASM criteria,
were: the sleep medicine specialist therapeutic decisions
based on 3N-PM, compared with PSG, had an agreement
level of 81.8% (95% CI = 69.7-89.8); the respiratory medi-
cine physicians therapeutic decisions had an agreement
level of 81.8% (95% CI = 69.7-89.8); and the resident’s
therapeutic decisions had an agreement level of 72.7% (95%
CI=59.8-82.7).

These values were similar to the ones found following
Spanish guidelines for recommend CPAP therapy; however,
the agreement level of the decisions made by the respiratory
medicine physicians was the same as the agreement level of the
decisions made by the sleep medicine specialists.
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Figure 4—Receiver operating characteristic curves. Receiver operating characteristic (ROC) curves for the mean of the 3 nights of type 3 portable monitoring
at home based on the four polysomnographic cutoff points of obstructive sleep apnea (= 5, = 10, = 15, and = 30). AHI, apnea-hypopnea index; AUC, area
under the curve; Cl, confidence interval; PSG, polysomnography.

Cost Analysis

Table 6 shows the costs per patient of PSG and PM. The cost
of PM was a third of the PSG cost. After adding the cost of
patients transport, PM was still less than half as costly as PSG.
To estimate the cost of PM for the same diagnostic efficacy of
PSG, we considered the cutoff point of AHI > 5, because this
is considered the cutoff for the diagnosis of OSA. As shown in
Figure 2, no patients fell in the “gray zone” because the best
PM AHI cutoff points for effectively excluding and confirming
OSA is 5. Three patients were in the zone of false-positive and
false-negative tests. The PSG cost for equal diagnostic effi-
cacy did not vary because of the absence of invalid results and
consequent repetitions of tests. To achieve the same diagnostic
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efficacy as PSG, the 3-night PM strategy reached a cost of EUR
256.5 (16.9) [USD 348.2 (22.9)], still much lower than the PSG
cost of EUR 548.1 (45.7) [USD 744.1 (62.0)].

DISCUSSION

The results of our study suggest that 3N-PM is useful for
confirming or excluding the diagnosis of OSA in patients with
a low pretest probability of sleep apnea or with comorbidities
that can mimic or mask the symptoms of OSA or could impede
an adequate sleep time. Specifically, on the basis of a PSG AHI
cutoff > 5, an AHI of 5 from 3N-PM would effectively exclude
and confirm an OSA diagnosis. At this cutoff point the pretest
probability is high (94.6%) and the potential increase to posttest
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EUR PSG
Test cost 527.2 (46.4)
Patient cost 20.9(0.7)
Test Total cost 548.1 (45.7)
Cost for equal diagnostic efficacy 527.2 (46.4)
Patient cost for equal diagnostic efficacy 20.9(0.7)
Total cost for equal diagnostic efficacy 548.1 (45.7)

PSG, polysomnography.

Table 6—Cost per patient of polysomnography and 3 nights of type 3 portable monitoring at home

Data are expressed in EUR and USD (standard deviation). 3N-PM, 3 nights of type 3 portable monitoring at home; EUR, euro; USD, United States dollar;

USD PSG EUR 3N-PM USD 3N-PM
715.7 (63) 178.8 (15.3) 242.7 (20.8)
28.4 (0.9) 425 (14) 57.7 (1.9)
744.1 (62) 221.3(13.4) 300.4 (18.2)

715.7 (63) 213.3(18.4) 289.6 (25)
28.4(0.9) 432 (14) 58.6 (1.9)
744.1 (62) 256.5 (16.9) 348.2 (22.9)

probability is small (98.1%). Nonetheless, we considered this
increase interesting because the CI is smaller, attaining 100%.
This favorable increase in posttest is achieved by losing only
7% of the population (in 7% of patients a diagnosis cannot be
made by portable monitoring at home [Table 5]). For a PSG
AHI cutoff point > 15, a 3N-PM AHI < 7 could exclude the
disease and an AHI > 22 would confirm the OSA diagnosis.

As mentioned previously, the prevalence of the disease
has led to the development of various alternative techniques
to diagnose OSA in patients with suspicion of OSA, such as
single-channel devices or even oximetry.* Overnight pulse
oximetry has been used but it is not currently recommended
because of the existence of multiple false negatives, especially
in young patients, as well as false positives in patients with
comorbidities and a lack of standardization in interpretation.
Single-channel devices only analyze the airflow and there is
a lack of information about electrophysiological variables and,
more particularly, the respiratory effort.* None of these devices
have been recommended by the AASM for diagnosis. Type 3
devices, which record airflow, respiratory effort, and oxygen
saturation, have been recommended by the AASM for unat-
tended PM, but only in patients with high pretest suspicion of
OSA. Patients with low suspicion, significant comorbidities, or
other suspected sleep disorders are excluded.*

Several randomized studies comparing PM with PSG in
all types of patients with suspicion of OSA have shown that
the difference in mean AHI is slightly higher with PSG than
PM.!2151937 Masa et al.,'” in a large, multicenter, randomized
study, showed that PM scoring produced lower AHIs than
PSG (AHI difference -7.0); at the PSG cutoff point > 5, an
AHI < 5 from PM had a LR (-) of 0.07 and the pretest prob-
ability decreased from 90% to 39%; a PM AHI > 10 had a LR
(+) of 6.25 and the pretest probability increased from 90% to
98%. The most important finding of this study is its endorse-
ment of the AASM recommendation. Other studies, albeit
excluding patients with comorbidities, have been performed
and produced similar outcomes.'®* Regarding the AHI differ-
ences, these may be caused by factors such as hypopneas asso-
ciated with arousals but without oxyhemoglobin desaturation
(more frequent in mild-to-moderate patients),” sleep time
or variability of respiratory events. In contrast, as our study
shows, the greater duration of subjective sleep time at home
may lead to increased sleep quality and stability, resulting in
fewer respiratory events. However, in our study no differences
were found between sleep time (PSG) and scoring time (PM),
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probably because the PM analysis was performed according to
a previous study in which we estimated sleep time on the basis
of breathing patterns.'”

Our study, as mentioned previously, deals with a different
and specific question, the management of patients with mild
or moderate OSA suspicion or with comorbidities. We believe
that this is an important point because currently this population
is probably more prevalent than severe patients, because of the
various factors mentioned.***! We consider that our proposal
represents a new step: a PM undertaken several times over a
few days. Our data show that, in this population, performing
three consecutive studies combined with management by a
sleep physician achieves results similar to those described by
other studies considering only high suspicion of OSA. Although
there were no differences between each of the 3 nights in the
PM obtained from a single night, we believe that 3 nights offer
greater confidence and reliability, which is essential, especially
in therapeutic decision-making. Furthermore, an analysis of
only the first night of PM produced three failed tests (5.5%);
in the ROC curves the AUCs for the cutoff points > 5, > 10,
and > 15 (0.966, 0.935, and 0.856, respectively) were similar to
3N-PM; however, the AUC for the cutoff point > 30 was better
with 3N-PM (0.900) than with the first night of PM (0.855).

There have been other studies that performed more than 1
night of testing, but the methodology was different and it did
not deal with our specific population. Ayappa et al.'* evalu-
ated 102 subjects. The PM covered 2 nights and the data were
cumulative from these nights of recording, although a PSG was
performed simultaneously with a respiratory polygraph. The
simultaneous PSG and respiratory polygraph showed a slightly
greater difference in AHI with the PSG of 0.5/h (95% CI: -1.0—
2.0/h). The PSG versus PM showed a greater difference in
AHI greater with the PSG, 4.1/h (95% CI: 0.8-7.3/h). Reichert
et al.* evaluated 45 patients for 1 night with simultaneous
PSG and respiratory polygraphy and for 3 nights with respi-
ratory polygraphy at home within 7 days (NovaSom QSG,™
NovaSom, Inc. Maryland, United States). A clinical cutoff of
AHI equal to 15 was used to compare in-laboratory PSG and
an average respiratory polygraphy at home throughout all the
nights. They found a sensitivity of 91% and a specificity of
83%. However, in this case the population of OSA suspicion
was not selected. Other authors have performed studies that
excluded patients with comorbidity.'®** Therefore, the novelty
of our study is the population studied, as well as the fact that the
studies were performed at home.
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The population of patients that we studied was with low-
moderate pretest probability of OSA, so that PSG AHI cutoff
point > 5 had a prevalence of 94.6%; AHI cutoff point of > 10
the prevalence decreases to 83.6%; AHI > 15, prevalence of
70.9; and in patients with AHI > 30 the prevalence was 40%. We
believe that detecting typical high-probability groups of patients
can be in some ways easy. However, patients with low-moderate-
pretest possibility, especially if they have associated disease
symptoms, can be turbid and mixed from those coming from the
comorbidities. Because the symptoms are problematic to inter-
pret in this type of patient, we consider the difficulty to interpret a
simplified sleep study if it is performed just during 1 night. With
more than 1 night of data we believe that the interpretation would
be more accurate. However, our results should be taken with
caution when considering a population with a lower prevalence
of disease or reporting poor sleep time during PM.

Making the Therapeutic Decision

Only a few studies have evaluated the therapeutic decision-
making by comparing in-laboratory full PSG versus PM. Parra
et al.,'”? in their work with 89 patients, considered the thera-
peutic decision of use or nonuse of CPAP on the basis of the
following criteria: (1) documented OSA (AHI > 10) in the pres-
ence of clear clinical impairment; and (2) an AHI > 30, even
with moderate clinical impairment. They achieved an 89% of
agreement level in therapeutic decisions. Eighty-four percent
of patients with a PSG diagnosis had OSA (mean AHI 34.3),
whereas 82% of patients had a diagnosis of PM (mean AHI
31.8). Hernandez et al." evaluated in 88 patients the agreement
in choice of treatment made by a sleep physician in a reference
center (PSG) and by a respiratory physician trained in sleep
medicine in a nonreference center using respiratory polygraphy.
The choice of treatment was: (1) no diagnosis of OSA, the
patient is discharged from the hospital; (2) mild OSA, conserva-
tive treatment and clinical control; (3) moderate to severe OSA,
begin CPAP treatment; and (4) other sleep disorders, or a need
for full-night PSG. The clinical therapeutic decision taken with
respiratory polygraphy agrees with the one taken with PSG in
most cases. The main discordances in the choice of treatment
were caused by discrepancies in AHI with mild symptoms, or
no symptoms other than snoring. Masa et al.?® performed a
large multicenter, randomized, blinded, clinical trial using PM
and PSG as a gold standard in patients with suspected OSA.
The same criteria as ours were used to recommend CPAP. They
show a sensitivity of 73%, a specificity 77%, LR (+) of 3.53, LR
() 0of 0.32, and an agreement level of 76%. Patients with higher
PM AHI scores (> 30; 41% of the total sample) had a sensitivity
of 94%, a specificity of 44%, and the agreement level was 91%.
Masa et al. concluded that the PM-based therapeutic decision
was adequate when the AHI was high. We have reached similar
conclusions, but with a different population.

In our study, the therapeutic decision was made by sleep
medicine specialists, respiratory medicine specialists, and
resident physicians, choosing one of two options: CPAP treat-
ment or no CPAP treatment/other therapeutic measures. The
therapeutic decisions were more consistent when were made by
sleep specialists (agreement level of 81.8% and kappa = 0.657)
than by respiratory physicians (agreement level of 72.7% and
kappa = 0.486) or residents (agreement level of 67.3% and
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kappa = 0.427). These findings are consistent with the AASM
recommendations about the use of type 3 devices, which specify
that a clinical evaluation should be made by a specialist in sleep
medicine. However, our patient population had no high pretest
probability of OSA or presented comorbidity.

A recent randomized, controlled study* compared an ambu-
latory primary care-based management strategy versus standard
care in patients who were screened for moderate to severe OSA.
Sleep medicine specialists tended to provide more conserva-
tive measures or other types of treatment than non-specialists
(28% versus 3%). In our study, the percentage of conserva-
tive measures recommended by a sleep specialist was 76.4%,
compared with 61.8% by respiratory medicine physicians and
54.5% by residents. This is probably because the sleep medi-
cine specialist tends to recommend non-CPAP treatment as the
first option in young patients or those with few symptoms. We
believe that the role of the sleep physician is crucial, especially
in the population considered in our study.

Making the AASM guidelines simulation, the respiratory
medicine physicians and the residents showed better results
than using Spanish Sleep guidelines, probably because the
possible lack of experience in interpreting the relevancy of clin-
ical symptoms and consequences in the population with AHI
scores between 15 and 30 was replaced with AASM guidelines
because this could avoid variability. Additionally, this analysis
was a simulation, and all patients with 3N-PM AHI greater
than 15 (e.g., 15.5) were automatically recommended for CPAP
treatment. However, during the study with the Spanish protocol,
some patients with AHI values slightly above 30 (for example,
31) and moderate clinical symptoms or comorbidities could be
recommended against CPAP treatment.

Costs

Few papers have addressed this topic but a clear possibility
of potential cost-saving in this population has been demon-
strated.'>!+1%4445 In addition to the study by Masa et al.," (PSG,
EUR 577; PM, EUR 333), Parra et al."> showed that PM is three
times more cost effective than in-laboratory full PSG. In our
cost analysis we found that 3N-PM is less costly than full PSG
for equal diagnostic efficacy [PSG, EUR 548.1 (45.7) USD
744.1 (62.0); 3N-PM, EUR 256.5 (16.9) USD 348.2 (22.9)].
These results are similar to those found in previous studies but
it needs to be stressed once again that in our study we used only
the type of patient for whom full PSG is normally recommended.

CONCLUSIONS

The value of our study lies in the fact that, to our knowledge,
there are no previous clinical trials with portable sleep monitoring
system at home that only include patients with low-moderate
suspicion of OSA or comorbidity taking place during 3 consecu-
tive nights; this offers a more reliable interpretation of the results.
Therefore, in view of our results, 3N-PM in conjunction with
a comprehensive evaluation by an experienced sleep medicine
physician could be recommended in patients without high pretest
probability of OSA or with coexisting causes of sleepiness.

ABBREVIATIONS
3N-PM, three nights of type 3 portable monitoring at home
95% CI, confidence interval 95%
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AASM, American Academy Sleep Medicine
AHI, apnea-hypopnea index

ASDA, American Sleep Disorders Association
AUC, area under the curve

BMI, body mass index

COPD, chronic obstructive pulmonary disease
CPAP, continuous positive airway pressure

EF, ejection fraction

EQ-5D, Euroqol 5D

EQ-VAS, Euroqol—Visual analogic scale

EUR, euro (currency)

FOSQ, Functional Outcomes of Sleep Questionnaire
LR, likelihood ratio

OSA, obstructive sleep apnea

PM, type 3 portable monitoring at home

PSG, polysomnography

REM, rapid eye movement

ROC, receptor operator characteristic

Sa0,, saturation level of oxygen in hemoglobin
Sa0, <90%, percentage of the night with SaO, below to 90%
SD, standard deviation

USD, United States dollar
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