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Rationale: Home respiratory polygraphy (HRP) may be a cost-effective alternative to polysomnography (PSG) for diagnosis and treatment election
in patients with high clinical probability of obstructive sleep apnea (OSA), but there is conflicting evidence on its use for a wider spectrum of patients.
Objectives: To determine the efficacy and cost of OSA management (diagnosis and therapeutic decision making) using (1) PSG for all patients
(PSG arm); (2) HRP for all patients (HRP arm); and (3) HRP for a subsample of patients with high clinical probability of being treated with continuous
positive airway pressure (CPAP) and PSG for the remainder (elective HRP arm).

Methods: Multicentric study of 366 patients with intermediate-high clinical probability of OSA, randomly subjected to HRP and PSG. We explored
the diagnostic and therapeutic decision agreements between the PSG and both HRP arms for several HRP cutoff points and calculated costs for
equal diagnostic and/or therapeutic decision efficacy.

Results: For equal diagnostic and therapeutic decision efficacy, PSG arm costs were 18% higher than HRP arm costs and 20% higher than elective
HRP arm costs. HRP arm costs tended to be lower than elective HRP arm costs, and both tended to be lower than PSG arm costs if patient costs
were omitted.

Conclusion: Home respiratory polygraphy is a less costly alternative than polysomnography for the diagnosis and therapeutic decision making
for patients with suspected obstructive sleep apnea. We found no advantage in cost terms, however, in using home respiratory polygraphy for all
patients or home respiratory polygraphy for the most symptomatic patients and polysomnography for the rest.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a highly prevalent disease
that affects up to 25% of the adult population,' reduces quality of
life,? and increases cardiovascular®* and traffic accident risks.*¢

The gold standard for OSA diagnosis is in-laboratory poly-
somnography (PSG), but this method is expensive and time-
consuming, which may prevent adequate attention for the
large number of patients who require sleep studies. Portable
monitoring devices, designed for a less complex and faster
home diagnosis, have been developed in the past two decades.
However, the role of portable monitors in the management
of OSA (diagnosis and therapeutic decision making) has not
been clearly determined.

The type 3 portable monitoring device is an accepted’ and
cheaper®!! alternative for OSA diagnosis in patients with an
intermediate to high clinical probability of OSA. This portable
monitoring device,'? also called respiratory polygraphy,
includes sensors for airflow, respiratory effort (measured with
bands), and pulse oximetry readings. However, in a large study
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of patients with intermediate to high clinical suspicion of OSA,
the therapeutic decision making performed after the diagnosis
by home respiratory polygraphy (HRP) was only effective for
patients with severe OSA (40% of the total sample).” Accord-
ingly, studies that selected patients with a high clinical suspi-
cion of OSA (who receive continuous positive airway pressure
[CPAP] therapy if OSA could be demonstrated) using HRP'*!*
or other portable monitors'*'® showed a similar efficacy with
CPAP treatment for patients managed with HRP or PSG.

Some cost-effectiveness studies have compared the cost
of OSA management (including diagnosis and treatment)
between portable monitors and PSG, using hypothetical
cohorts of patients and producing conflicting results.'** Two
studies have been conducted comparing the costs of the diag-
nosis and treatment between portable monitors (one with
HRP)""* and PSG using a real cohort of patients with high
clinical probability of OSA. The results favored the portable
monitor approach. Therefore, HRP may be a cheaper alterna-
tive to PSG for diagnosis and treatment election in patients
with high clinical probability of OSA. However, the studies’
findings do not tell us whether the same results would be
obtained in a wider clinical spectrum of patients. In other
words, the study findings do not tell us if the suggested
approach (portable monitor for high suspicion and PSG for
intermediate suspicion) or the portable monitor for the entire
population approach (intermediate and high suspicion) are
more cost effective than PSG for the same management
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(diagnosis and election of treatment) and for the same patients
with intermediate and high suspicion.

Therapeutic decision-making is a different process from diag-
nosis. It consists of recommending CPAP or other treatments.
These other treatments are normally hygienic-dietetic measures
and, less frequently, surgical approaches or mandibular advance
devices. Most guidelines recommend CPAP, depending on the
apnea-hypopnea index (AHI) level, clinical symptoms (espe-
cially sleepiness), and comorbidities (primarily hypertension
and cardiovascular problems).

We ascertained the efficacy and cost of the diagnosis and
therapeutic decision making using a real cohort of patients
with intermediate to high clinical probability of OSA from a
previous multicenter, randomized, blinded, crossover study
conducted to understand the role of HRP in comparison with
PSG in the management of OSA. We explored the costs of the
following approaches: (1) PSG for the total sample; (2) HRP for
the entire sample; and (3) HRP for a subsample of patients with
a high clinical probability of being treated with CPAP and PSG
for the rest of the patients.

METHODS

We carried out a post hoc analysis of our database to calculate
the efficacy and cost of the three aforementioned approaches to
OSA management: PSG, HRP, and elective HRP (Figure 1).

We included patients with suspected OSA presenting with
(1) snoring or observed apneas; and (2) sleepiness (Epworth
sleepiness scale score > 10) or morning fatigue. For the elective
HRP arm we selected patients as having high clinical proba-
bility of OSA by selecting patients with a high clinical prob-
ability of being treated with CPAP (if OSA was demonstrated)
based on the Spanish Sleep Network Guidelines®*: an Epworth
sleepiness scale score > 12, or previous cardiovascular diseases.

The method for our original study was described in previous
reports.>'332 A brief summary of the original methodology
and the methodology of the current study are discussed in the
following paragraphs.

Original Methodology

Patients

We included patients between 18 and 70 y of age drawn from
patients referred to eight sleep centers in Spain for suspected
OSA due to the aforementioned criteria (snoring or observed
apneas, Epworth Sleepiness Scale score > 10, or morning fatigue)
and no other sleep disorders present. We excluded patients with
severe and unstable heart disease, those who were unable to set
up the HRP device in a trial, and those who refused to participate
in the study. The inclusion was sequential and, before starting
the procedure, each center selected specific days or weeks per
month during the inclusion period to enroll all potential patients.

The ethics committees of the eight centers approved the study.
Informed consent was obtained in writing from all patients.

Protocol

All patients underwent PSG and HRP, in random order. PSG
and HRP readings were recorded separately, and the technicians
were blinded to any identifying information about the patients
as well as to any results of the previous method (PSG or HRP).
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Home Respiratory Polygraphy

Our HRP (BreastSC20; Breast Medical AB; Molnlycke,
Sweden) measurements included oxygen saturation (model
8000 J; Nonin Medical; Plymouth, MN), airflow through a nasal
cannula, and thoracic and abdominal movements measured by
piezoelectric bands (Pro-Tech reference 1295; Respironics;
Pittsburgh, PA).

All patients were instructed in home use of the HRP device
by a technician in the hospital setting before randomization.
HRP equipment was moved from home to home by trained
personnel from CPAP service companies in each hospital area
who were acting as transport companies. No additional support
was provided by the transport services to the patients in terms
of setting up the HRP devices. The raw data files were electron-
ically transmitted from home to hospital.® The hospital techni-
cians scored the data files manually.

PSG in Hospital

The PSG recordings were analyzed manually at each partici-
pating center, based on standard criteria.”?® The neurological
variables were the electroencephalogram (C3-A2; C4-Al;
0O1-A2; 02-Al; F4-Al; F3-A2), electrooculogram (right and
left), and electromyogram (on the chin and both legs). Airflow
was measured using a nasal cannula, and thoracoabdominal
movement was measured with thoracic and abdominal bands.
Oxygen saturation was assessed with a pulse oximeter. Electro-
cardiogram and body position were also measured.

Definitions

A valid PSG or HRP recording had at least 3 h of recording.
An invalid recording could be repeated up to two times.

For PSG, apnea was defined as the absence of airflow (> 90%
reduction) for > 10 sec, and hypopnea was defined as a discern-
ible airflow or band reduction (> 30% and < 90%) lasting at
least 10 sec with a > 3% decrease in oxygen saturation or final
arousal.”’” For HRP, the same definition applied for apnea and
hypopnea but without the final arousal criteria for hypopnea.
The number of apneas and hypopneas was divided by the valid
recording time for HRP and the sleep time for PSG to determine
the AHIL.

Therapeutic Decision

Therapeutic decisions (CPAP or no CPAP) for HRP and PSG
were made by a researcher in each center based on the same set
of variables collected from each patient at baseline: age, sex,
body mass index, neck circumference, systolic and diastolic
blood pressure, comorbidities, occupation, alcohol intake, and
tobacco consumption. Subjective nocturnal sleep time and
napping time on working days and holidays were determined
based on the previous 4 w. Episodes of subjective asphyxia,
nocturia, morning headache, morning fatigue, and sleepiness
while driving® were collected for four degrees of intensity (never,
occasionally, frequently, and always) based on the previous 4 w.
Epworth and American Sleep Disorders Association (ASDA)*
sleepiness scale scores were measured based on the previous
4 w; PSG (recording time, sleep time, sleep periods, AHI [total
sleep time and sleep time in the supine position], arousal, and
desaturation indexes and time with oxygen saturation < 90%)
and HRP (recording and valid recording time, AHI [total valid
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Figure 1—General flow chart and cost imputation for the 366 included patients distributed into the three study arms (PSG, HRP, and elective HRP) and in
the several decision nodes that incorporated cost imputations (cost imputation nodes). (A) Of the 366 included patients, five were lost without adding costs.
In the subsequent 361 patients, the costs from PSG tests were included. Nine patients needed to repeat the PSG with the consequent burden. Finally,
361 cases with valid PSG had no additional costs. (B) Of the 366 included patients, six were lost without adding costs. In the subsequent 360 patients, the
costs from HRP tests were included. HRP was repeated 52 times, including the correspondent expenditure from HRP repetitions. Of the 360 patients, 12 with
invalid HRP underwent PSG with the subsequent additional costs. Patients with valid HRP (348) presented the following three decision situations: (1) OSA
diagnosis agreement was reached in 280 patients; of these, 131 reached therapeutic decision agreement (CPAP or no CPAP) ending the branch without
adding costs, and there were 149 patients in the group that had no therapeutic decision agreement (136), false- positive (5) and false-negative results (8) in
which the PSG cost was added; (2) no OSA diagnosis agreement was reached for 20 patients who ended the branch without additional cost; and (3) patients
with no diagnosis agreement (35) or false-negative results (13) who reached the end of the branch with the included costs of PSG. (C) Of the 366 included
patients, 205 were selected to undergo HRP and the subsequent 161 were selected to undergo PSG. With the 205 patients, three were lost without adding
costs and HRP was repeated 29 times, with the corresponding expenditure for the HRP repetitions. Of the 205 patients, three with invalid HRP underwent
PSG, with the consequent additional cost. Patients with valid HRP (199) presented three decision situations: (1) OSA diagnosis agreement was achieved for
159 patients; of these, therapeutic decision agreement (CPAP or no CPAP) was achieved for 112, ending the branch without additional costs. There were
47 patients in the group who had no therapeutic decision agreement (37), false-positive (6), or false-negative results (4) and had added PSG costs. (2) No
OSA diagnosis agreement was reached in 12 patients who ended the branch with no additional costs. (3) Patients with no diagnosis agreement (21) or false-
negative results (7) reached the end of the branch, with added costs for PSG. Of the 161 patients referred to PSG, three patients were lost with no additional
cost. In the subsequent 158 patients, the costs for the PSG test were included. PSG had to be repeated in three patients, with the consequent burden. Finally,
158 cases with valid PSG reached the end of the branch without additional cost. F+ = false positive; F- = false negative; HRP, home respiratory polygraphy;
OSA, obstructive sleep apnea; PSG, polysomnography.
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recording time and valid time in supine position], desaturation
index and time with oxygen saturation < 90%). Patients and
diagnostic methods (HRP and PSG) were assessed in random
order using an electronic database. Each patient was presented
twice (with PSG or HRP information), at random and noncon-
secutively. Participant identification numbers for patients and
other data were hidden. After 1 mo, the same therapeutic deci-
sion procedure was repeated.

The criteria for recommending CPAP, according to the
Spanish Sleep Network guidelines,? are (1) an AHI > 5 with
significant sleepiness (Epworth Sleepiness Scale score > 12)
or previous cardiovascular diseases and (2) an AHI > 30, with
clinical symptoms taking on less importance.

Current Methodology

Cost Analysis

We performed a cost minimization analysis for equally
effective alternatives.®® This involves calculating the cost
when the efficacy is assumed to be equal in all the alterna-
tives. To achieve the same efficacy for the testing protocols
(both HRP arms) as the standard protocol (PSG), we added the
cost of the necessary tests (i.e. PSG) to the correct diagnosis
and therapeutic decision obtained (in accordance with PSG).
Figure 1 shows the procedure for the imputation costs of the
three alternative approaches for achieving the same efficacy.
We analyzed the following cost groups:

1. Test costs (PSG and HRP): The test costs included the
following expenses: personnel (technicians, physicians,
and secretaries), a linear 5-y depreciation of equipment
(taking into account the number of recordings conducted
in this period in each hospital), consumables, and the
proportional burden of the sleep laboratory on the
general budget of the hospital.

2. Patients’ costs for PSG and HRP: Although the HRP
device was moved by the transport company with telematic
transmission of raw data in all patients, we also estimated
the cost per kilometer resulting from patients transporting
the device from home to hospital and vice versa. The cost
per kilometer was calculated for each hospital.

3. Total test cost: The sum of the test (PSG and HRP) and
patient costs.

4. Costs of HRP and PSG for equal diagnostic efficacy:
For HRP, the cost was the sum of the following
expenditures: (1) the cost of PSG in patients with invalid
HRP recordings, after repetitions; (2) the cost of repeated
HRPs due to invalid recordings, in patients with a valid
final recording; (3) the cost of PSG in patients with
unclassified HRP diagnosis (“gray zone”); and (4) the
cost of PSG in patients with false-negative results. For
PSG, we included the cost of repeated PSGs due to
invalid recordings.

5. Costs of HRP for equal therapeutic decision efficacy:
The costs affected only patients diagnosed with OSA.
The cost was the sum of the following expenditures:

(1) the cost of PSG in patients when a CPAP
recommendation by HRP in agreement with the PSG
(“gray zone”) was impossible to obtain and (2) the cost
of PSG in patients with false negative and false positive
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results. Given that PSG is the gold standard, no cost
imputation was added to the PSG arm in this cost group.

6. Patients’ costs for equal diagnostic and therapeutic
decision efficacy: The burden due to transportation
caused by repetitions (HRP and PSG) and the PSG
transportation cost were included in (1) invalid HRPs;
(2) patients with unclassified diagnosis results and with
any CPAP recommendations (“gray zone”); and (3)
false- negative and false-positive results.

7. Total cost for equal diagnostic and therapeutic decision
efficacy: The sum of equal diagnostic and therapeutic
decision costs (PSG and HRP) and patient costs for equal
diagnostic and therapeutic decision efficacy.

8. Total costs: The sum of the total test costs and the total
costs for equal diagnostic and therapeutic decision efficacy.

Statistical Analysis

We considered OSA diagnosis for a PSG AHI > 5. To deter-
mine the ruling out and the ruling in of HRP cutoff points for
OSA diagnosis, we used (1) sensitivity and specificity; (2)
negative ([1-sensitivity/specificity] and positive [sensitivity/1-
specificity]) likelihood ratios (LR); and (3) the posttest prob-
ability of obtaining a true positive diagnosis when the test was
positive or negative, which we calculated based on the pretest
probability (prevalence) and positive and negative LRs.*! To
find the optimal ruling out and ruling in HRP cutoff points, we
tested the previous parameters in five-point increments of AHI
(i.e.,>5,>10,> 15, etc.), starting with the value of five, in the
HRP and elective HRP arms.

Given that we had a high prevalence (pretest probability) of
OSA in our study population (90%), it is probable that we can
identify a ruling in HRP cutoff point for OSA. We defined this
cutoff point as follows: a positive LR > 5 and a posttest probability
close to 100%, which represents a large change in the probability
from pre-test to posttest. Given the lower probability of identi-
fying a ruling out HRP cutoff point for OSA in our patients, we
defined the cutoff point as a negative LR < 0.1, which represents
a very large change in the probability from pretest to posttest.

To evaluate the agreement in the therapeutic decision between
HRP and PSG, we used the agreement level (100 — the sum of
the percentages of true positives and negatives) in the popu-
lation in whom OSA was diagnosed. We used the same anal-
ysis for the two therapeutic decisions (the two analyses were
performed 1 mo apart) based on the PSG results. These PSG
results were considered the reference values because they state
the variability of the gold standard (PSG) and the ideal outcome
for HRP scores. To find the optimal agreement level, we tested
these parameters in five-point increments of AHI (starting with
the ruling in HRP cutoff point of OSA) in the HRP and elective
HRP arms. We considered the HRP cutoff point to be adequate
when the agreement level was greater than 90% (which means
that the sum of the false-positive and false-negative results was
lower than 10%) and close to the reference value.

RESULTS

Initially, 377 patients were selected. Eleven were excluded
(seven due to failure in the HRP trial, two due to severe heart
disease, and two due to lack of informed consent), and 366 were
included to assess costs. Figure 1 contains the flow of patients
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in each cost imputation arm (PSG, HRP, and elective HRP) in
several sequential decision nodes: (1) the number of patients who
performed the diagnostic test (HRP or PSG) and the number of
missed cases; (2) the number of test repetitions; (3) the number
of valid and invalid tests; (4) the diagnostic agreement between
HRP and PSG (cases with and without OSA, gray zone and false-
negative results—see the following paragraphs); and (5) agreement
in the therapeutic decision between HRP and PSG (the number of
cases in agreement with PSG, gray zone, false-positive and false-
negative results—see the following paragraphs).

The clinical and anthropometric characteristics of the
366 included patients are shown in Table 1.

In the PSG arm of 366 included patients (Figure 1A), five
were lost without adding costs. In the rest of 361 patients, the
costs from PSG tests were incorporated. Nine patients required
to repeat the PSG with the resulting load. Finally, 361 cases
with valid PSG had no extra costs.

Diagnostic Agreement between HRP and PSG

HRP Arm

Of the 366 enrolled patients, six were lost without adding
costs (Figure 1B). In the rest of the 360 patients, the costs from
HRP tests were added. HRP was repeated 52 times, including the
correspondent costs from HRP repetitions. Of the 360 patients,
12 with invalid HRP underwent PSG with the subsequent supple-
mentary costs and 348 had valid HRP tests being available to
explore the diagnostic agreement with PSG. For a PSG AHI cutoff
point > 5, the pretest probability (prevalence) was 90% (Table 2).
According to our previous definition (see statistical analysis), an
AHI < 5 from HRP effectively ruled out OSA. According to our
previous definition (see statistical analysis), an acceptable HRP
AHI cutoff point for ruling in OSA would be 10. Consequently,
there were 20 patients (Figure 1B) with a true negative result
(no OSA) and 280 with a true positive result (OSA). There were
48 patients with no positive or negative diagnosis of OSA (gray
zone) or false-negative results where PSG costs were included.

Elective HRP Arm
Ofthe 366 included patients, 205 met the clinical criteria for a
high clinical probability of being treated with CPAP (Figure 1C).

These patients were managed with HRP. The rest of the patients
(161) were managed with PSG. Of the 205 patients, three were
lost without extra costs, HRP was repeated 29 times, with the
consequent costs for the HRP repetitions, and 199 had a valid
HRP (three invalid HRP) available to explore the diagnostic
agreement with PSG. For these 199 patients, the pretest proba-
bility of OSA was 88% for a PSG AHI cutoff point > 5 (Table 2).
According to our previous definitions, an AHI < 5 from HRP
effectively ruled out OSA, and the HRP ruling in cut-off point
should be > 10. Twelve patients (Figure 1C) had a true nega-
tive result (no OSA) and 159 had a true positive result (OSA).
Twenty-eight patients had no positive or negative diagnosis
of OSA (gray zone) or had false-negative results where PSG
costs were included.

Table 1—Characteristics of the study population
N = 366
Mean (SD)
Male, % 76.0
Age,y 48.6 (11.9)
Body mass index 31.0 (6.6)
Alcohol, g 8.8 (22.3)
Smokers, % 25.1
Habitual snorer, % 88.7
Habitual morning fatigue, % 60.8
Habitual nocturia, % 37.4
Habitual observed apneas, % 44.6
Subjective sleep time/day, h 6.9 (14)
Subjective nap time, h 0.5 (0.6)
Epworth Sleepiness Scale 11.5(5.0)
Depression, % 23.5
Hypertension, % 30.9
Cardiovascular events, % 44
Systolic pressure, mm Hg 130.5 (17.0)
Diastolic pressure, mm Hg 75.9 (12.1)
Home to hospital distance, km 20.0 (30.4)
SD, standard deviation

with a polysomnography apnea-hypopnea index cutoff point of = 5

Table 2—Ruling out and ruling in home respiratory polygraphy cutoff points for home respiratory polygraphy and elective home respiratory polygraphy arms

HRP arm (N = 348) (pretest probability 90%)

when the test (HRP) was negative; Se, sensitivity; Sp, specificity.

HRP cutoff point Se Sp LR +(95% Cl) Posttest probability + (95% Cl) LR - (95% CI) Posttest probability — (95% Cl)
5 96 57 2.23(1.78-2.79) 95 (94-96) 0.07 (0.05-0.10) 39 (31-47)
10 87 86 6.25(2.73-14) 98 (96-99) 0.15(0.11-0.21) 57 (50-65)
Elective HRP arm (N = 199) (pretest probability 88%)
HRP cutoff point Se Sp LR +(95% ClI) Posttest probability + (95% Cl) LR - (95% ClI) Posttest probability - (95% CI)
5 96 52 2.01(1.31-3.08) 94 (91-96) 0.08 (0.03-0.17) 38 (19-56)
10 89 91 10.00 (2.73-39) 99 (95-100) 0.12 (0.08-0.18) 48 (38-58)

AHI, apnea-hypopnea index; Cl, confidential interval; HRP, home respiratory polygraphy; LR, likelihood ratio; Posttest probability +, the posttest probability
of obtaining a true positive diagnosis when the test (HRP) was positive; Posttest probability —, the posttest probability of obtaining a true positive diagnosis
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Figure 2—Evolution of the agreement level (100 - sum of the percentages
of the true positive and negative results) in the therapeutic decisions
between HRP and PSG and the Reference, according to incremental
levels of HRP AHI. (A) Home respiratory polygraphy arm. (B) Elective
home respiratory polygraphy arm. AHI, apnea-hypopnea index; HRP,
home respiratory polygraphy; Reference, agreement between before and
after 1 mo by polysomnography.

Therapeutic Decision Making

HRP Arm

Figure 2A shows the agreement levels between HRP and
PSG (and also for the reference) for the HRP arm for each
of the five HRP AHI points, starting with the ruling in HRP
cutoff point (> 10). The agreement level between HRP and PSG
increases according to the AHI level. A value greater than 90%
and close to the reference was achieved with an HRP AHI cutoff
point > 30. By considering this cutoff point acceptable, 131 of
the 280 patients in whom OSA was diagnosed (Figure 1B)
received the correct therapy (in agreement with PSG) without
supplementary costs. The remaining 149 patients did not have a
correct therapeutic decision (including false- positive and false-
negative results) and the PSG costs were added.

Elective HRP Arm

Figure 2B shows the agreement levels between HRP and
PSG (and also for the reference) for the elective HRP arm for
each of the five HRP AHI points, starting with the ruling in
HRP cutoff point (> 10). An acceptable HRP AHI cutoff point
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was > 20. Accordingly, 112 of the 159 patients in whom OSA
was diagnosed had the correct therapeutic decision (Figure 1C)
without supplementary costs. The remaining 47 patients did not
have a correct therapeutic decision (including false-positive
and false-negative results) and the PSG costs were added.

Cost Analysis

Figure 1 contains the cost imputations in each arm of the
study (PSG, HRP, and elective HRP) in the aforementioned
sequential nodes. Table 3 shows the costs for the PSG, HRP,
and elective HRP arms of the calculated cost groups for the
366 included patients. Figure 3 shows the percentages of the
total costs for the HRP and elective HRP arms and their distri-
bution into cost groups compared with the PSG costs. The costs
for the PSG arm were 18% higher than for the HRP arm and
20% higher than for the elective HRP arm. The costs for equal
diagnostic and therapeutic decision efficacy were significantly
higher for the HRP arm than for the elective HRP arm, but the
test costs were much lower for the HRP arm than for the elec-
tive HRP arm. The HRP arm was 3% more expensive than the
elective HRP arm but vice versa if patient costs were not taken
into account.

DISCUSSION

To our knowledge, this is the first study assessing the efficacy
and costs of three OSA management protocols (diagnosis and
therapeutic decision) in a real and large population with interme-
diate to high clinical suspicion of OSA. The principal findings
are: (1) HRP performed for all patients with suspected OSA or
for a more symptomatic subsample have lower costs than PSG
and (2) HRP and elective HRP protocols have similar costs.

We have recently published a study using the same group of
patients showing that HRP had lower costs than PSG for OSA
diagnosis® but, however, there was poor agreement with PSG for
therapeutic decisions-making, except for patients with severe
OSA." The results of the current study complete the investiga-
tion, extending the cost analysis for the global process of diag-
nosis and therapeutic decision-making (not only for diagnosis).
Despite the commented modest agreement between HRP and
PSG in the therapeutic decision making for patients with no
severe OSA (AHI < 30)", if we calculate the costs for the same
level of diagnosis and therapeutic diagnosis efficacy, these were
lower for the two HRP approaches than for the PSG protocol.

We included the cost derived from patients because this is an
actual direct cost. However, the expenses incurred in moving
the patients’ equipment are generally covered by the patients
themselves and not by the hospital. If we exclude the patient
costs, the costs of the two HRP approaches tended to be lower
in comparison with PSG and similar between the two HRP arms
(HRP and elective HRP).

The clinical criteria for selecting patients with a high clin-
ical probability of OSA could include other variables that are
used in the current study such as BMI (higher than 30) and age
(older than 55 y)."* However, we preferred to use the clinical
criteria of being treated with CPAP (if OSA is demonstrated)
because these criteria can produce better agreement with PSG
in the therapeutic decision and, consequently, higher savings.
Thus, although the diagnostic agreement with PSG was similar
between both HRP arms, the therapeutic decision agreement
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polygraphy arms distributed into various cost imputation groups?

Table 3—Costs for the 366 randomized patients and for patients in the polysomnography,, home respiratory polygraphy, and elective home respiratory

PSG HRP Elective HRP
For randomized For patient® For randomized For patient For randomized For patient®

Test cost 194,075.40 537.61 32,794.65 91.09 106,276.13 295.21
Patient cost 7,973.39 22.09 15,946.78 44.30 9,017.26 25.05
Total test cost 202,048.79 559.69 48,741.43 135.39 115,293.39 320.26
Cost for equal diagnostic efficacy 4,986.99 13.81 33,385.48 92.74 18,521.56 51.45
Cost for equal therapeutic decision efficacy - - 82,562.39 229.34 26,043.17 72.34
Patient cost for equal diagnostic and 199.89 0.55 6,796.26 18.88 5,930.07 16.47
therapeutic decision efficacy

Total cost for equal diagnostic and 5,186.88 14.36 122,744.13 340.96 50,494.8 140.26
therapeutic decision efficacy

Total cost 207,235.67 574.05 171,485.56 476.35 165,788.19 460.52

2Cost in 2009 euros. ®Included patients who performed same test (excluding missed patients). HRP, home respiratory polygraphy; PSG, polysomnography.

was better for the elective HRP arm than for the HRP arm,
contributing to decreased costs for equal therapeutic decision
efficacy. In addition, to make our protocol more applicable to
clinical practice in Spain, we used the standardized criteria for
CPAP treatment from the Spanish Sleep Network.* Moreover,
we believe that if we had selected other clinical criteria for high
probability of OSA, the cost of the elective HRP arm would
not have been significantly different. With more demanding
criteria, we would achieve better diagnostic and therapeutic
decision agreement with PSG (lower costs) for fewer patients
but with more PSGs for the rest of the patients (greater costs)
and vice versa for less demanding criteria.

PSG is considered the gold standard for OSA management.
The current paper is based on achieving agreement with PSG
for diagnosis and therapeutic decision and then imputing the
costs accordingly. The fact that PSG is performed in “unnatural
environments” has led us to doubt that PSG is really the gold
standard. Five randomized control studies have assessed the
efficacy of CPAP treatment (over several w) after OSA diag-
nosis using PSG or HRP'™*"S or another type of portable home
monitoring device.''® Patients were selected to receive CPAP
treatment if OSA was confirmed (high clinical probability of
OSA). Both protocols (outpatient and in-hospital) showed
similar improvements in AHL'® quality of life, clinical symp-
toms, and adherence to CPAP treatment.!*!>!71% Two of these
studies carried out cost analysis'>!” with favorable results for
portable monitoring. Because these studies included a popu-
lation with only a high clinical probability of OSA (approxi-
mately 40% of patients needing sleep studies), the results do
not provide information on what would happen in a population
with a wider clinical spectrum. Our results provide conclusive
information on this question while considering the PSG as the
gold standard; however, the above-mentioned studies regard
HRP (or other portable monitoring devices) as an equivalent
alternative to PSG. Therefore, to determine whether HRP is an
equivalent alternative to PSG, randomized controlled trials with
cost analyses are needed to assess the follow-up of patients with
intermediate to high OSA suspicion who are treated or untreated
with CPAP according to HRP or PSG. If these types of studies
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Figure 3—Percentages of the total costs from the HRP and elective HRP
arms and their distribution in three groups (test costs, patients’ costs, and
costs for equal diagnosis and therapeutic decision efficacy) compared
with polysomnography costs, which is considered to be 100%. HRP,
home respiratory polygraphy; PSG, polysomnography.

have favorable results for HRP, the cost savings could be much
higher than in our study.

A number of studies have estimated the costs of HRP as
compared with PSG based on simulated models of hypothetical
cohorts of patients including diagnosis, CPAP titration, and
CPAP adherence, with conflicting results.'”? Our study had a
more solid methodological approach for the cost calculation for
the following reasons: (1) the study was carried out on a real
and large cohort of patients; (2) only direct costs were included;
and (3) no assumptions of cost calculations were incorporated.
We preferred not to include the costs for CPAP titration and
CPAP treatment because the cost imputation in our study was
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based on the diagnosis and therapeutic decision agreements
with PSG. Therefore, if we include the costs from CPAP titra-
tion and treatment, these should necessarily be the costs from
the polysomnographic therapeutic decision, no really those
originated from both HRP and elective HRP arms. Thus, this
cost should increase the total cost in the three arms but in a
similar proportion without adding differences among the arms.

One interesting question is whether split-night (diagnosis and
CPAP titration in the same night) plus autotitration for the rest of
the cases could be cheaper than HRP plus autotitration protocol.
Although we did not include split-night in our protocol, if we
consider those patients with an AHI > 15 (less demanding crite-
rion) or an AHI > 30 (more demanding criterion) as candidates,
the saving for the PSG arm in comparison with the HRP arm
would be 8,070 € and 5,730 €, respectively (the cost of autotitra-
tion in our consortium is 30 €). Thus, the lower cost of the PSG
arm would be 199,165.67 € and that of the HRP arm 171,485.56
€. The savings for the PSG arm in comparison with the elective
HRP arm may be even lower because the same patients referred
to PSG for lower clinical probability of being treated with CPAP
could also be candidates for a split-night protocol, saving the
autotitration cost for the elective HRP arm. A similar savings
could occur for patients referred for PSG after HRP manage-
ment failure. Apparently, therefore, HRP plus autotitration may
be a better cost alternative than PSG, even with a split-night
protocol (whenever possible).

A practical application of our results can be shown as
follows: (1) For the HRP approach, all patients should undergo
HRP. In patients with an HRP AHI <5, OSA is considered ruled
out, and CPAP treatment should be recommended for patients
with an AHI > 30. For the rest of the patients, PSG should be
performed. (2) For the elective HRP approach, patients with
a high clinical probability of being treated with CPAP should
undergo HRP. Patients with an HRP AHI < 5 OSA should be
ruled out, and CPAP treatment should be recommended for
patients with an AHI > 20. For the rest of the patients, PSG
should be performed. A small proportion of false-positive
results in the two approaches will be directed to CPAP treat-
ment, although most of them will be borderline cases in the
CPAP decision. There are no cost advantages in choosing one
or the other approach but the elective HRP protocol seems
simpler to complete.

In conclusion, HRP is a less costly alternative than PSG for
the diagnosis and therapeutic decision making for patients with
suspected OSA. We found no advantage in cost terms, however,
in using HRP for all patients or HRP for the most symptomatic
patients and PSG for the rest.
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