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BACKGROUND: Standard practice in obstructive sleep apnea
(OSA) management requires that a positive diagnostic, overnight
polysomnography (PSG) test be obtained before initiating treatment.
However, long waiting times due to lack of access to PSG testing
facilities may delay the initiation of definitive treatment for OSA.
OBJECTIVES: To evaluate the response of patients who had a high
clinical suspicion for OSA and who were waiting for a PSG test to an
empirical continuous positive airway pressure (CPAP) trial.
METHODS: A retrospective study of all patients who had been
offered empirical CPAP therapy for suspected OSA was conducted.
After outpatient assessment, 183 patients with a high pretest proba-
bility of having OSA began empirical CPAP testing using an arbi-
trary CPAP pressure. The presence of OSA, the accuracy of empirical
CPAP pressure prescription, the adherence to empirical CPAP and
the improvement in daytime somnolence were evaluated at the time
of PSG.
RESULTS: Of 183 patients on a CPAP trial, 91% had OSA, which
was at least moderate (more than 15 apneas and hypopneas per hour
of sleep) in 75% of the patients. Eighty per cent of the patients had
significant daytime somnolence (Epworth Sleepiness Scale [ESS]
greater than 10, mean ± SD ESS 14±5), which improved with CPAP
(ESS 9.0±5, P<0.01). In 40% of the patients, the arbitrary CPAP
pressure was lower than that determined by manual titration.
Adherence to a trial of CPAP (longer than 2 h/night) predicted OSA
with a sensitivity of 82% and a specificity of 41%; the positive and
negative predictive values were 92% and 22%, respectively.
CONCLUSIONS: At the time of PSG testing, OSA was present in
91% of the patients who had received empirical CPAP. An empirical
CPAP provided satisfactory interim treatment for excessive somno-
lence, despite the fact that the CPAP pressure was suboptimal in 40%
of the patients.

Key Words: Continuous positive airway pressure; CPAP

responsiveness; CPAP trial; Empirical CPAP; Obstructive sleep apnea

Un essai empirique de pression expiratoire
positive continue en cas de présomption
d’apnée obstructive du sommeil

HISTORIQUE : Selon la pratique standard dans le traitement de l’apnée
obstructive du sommeil (AOS), il faut obtenir un diagnostic positif au
moyen d’une polysomnographie de nuit (PS) avant d’entreprendre le
traitement. Cependant, les temps d’attente prolongés causés par l’absence
d’accès aux installations de PS peuvent retarder le début du traitement
officiel de l’AOS.
OBJECTIFS : Évaluer la réponse des patients dont la présomption
clinique d’AOS était élevée et qui attendaient de subir une PS à un essai
empirique de pression expiratoire positive continue (PEPC).
MÉTHODOLOGIE : On a mené une étude rétrospective de tous les
patients à qui on avait offert un traitement empirique de PEPC en raison
d’une présomption d’AOS. Après l’évaluation en consultations externes,
183 patients présentant une probabilité élevée d’AOS ont entrepris l’essai
de PEPC empirique au moyen d’une unité de PEPC arbitraire. On a
évalué la présence d’AOS, l’exactitude de la prescription d’une unité de
PEPC empirique, le respect de la PEPC empirique et l’amélioration de la
somnolence pendant le jour au moment de la PS.
RÉSULTATS : Des 183 patients subissant l’essai de PEPC, 91 % étaient
atteints d’AOS, dont 75 % des patients atteints d’une AOS au moins
modérée (plus de 15 apnées et hypopnées par heure de sommeil). Quatre-
vingts pour cent des patients présentaient une somnolence importante
pendant le jour (échelle de somnolence d’Epworth [ÉSE] supérieure à 10,
moyenne ± ÉT 14±5), qui s’atténuait avec la PEPC (ÉSE 9,0±5, P<0,01).
Chez 40 % des patients, l’unité de PEPC arbitraire était inférieure à celle
mesurée par titrage manuel. Le respect d’un essai de PEPC (plus de deux
heures par nuit) prédisait l’AOS avec une sensibilité de 82 % et une
spécificité de 41 %. Les valeurs prédictives positives et négatives étaient
de 92 % et 22 %, respectivement.
CONCLUSIONS : Au moment de l’essai de PS, on constatait une AOS
chez 91 % des patients qui avaient reçu une PEPC empirique. Une PEPC
empirique assurait un traitement provisoire satisfaisant de la somnolence
excessive, même si la PEPC était sous-optimale chez 40 % des patients.

In obstructive sleep apnea (OSA), the intermittent, repeti-
tive obstructions of the oropharynx during sleep decrease

arterial oxygen saturation, increase sympathetic discharge and
cause sleep disruption (1). Up to 20% of adults have at least
mild OSA, most of whom have not yet been diagnosed (2,3).
There are potentially serious adverse consequences of OSA,
including a greater risk of hypertension, cardiovascular dis-
ease, the metabolic syndrome and traffic or work-related acci-
dents (4-7). The first line of treatment for OSA is continuous

positive airway pressure (CPAP), which improves daytime
alertness and quality of life, and reduces both the rate of traf-
fic crashes and overall medical costs (7-9).

Current practice guidelines recommend overnight in-
laboratory polysomnography (PSG) to diagnose OSA before
beginning CPAP treatment (10). However, in some jurisdic-
tions, restricted access to PSG testing facilities forces patients
to wait months or even years for definitive diagnosis and treat-
ment (11). Given the potentially adverse consequences of
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delaying treatment for OSA and the relatively minor adverse
effects of CPAP treatment, we resorted to initiating empirical
CPAP treatment (after initial outpatient evaluation) using an
arbitrary CPAP pressure in selected patients with a high likeli-
hood of having OSA. The outcome of empirical CPAP treat-
ment was retrospectively evaluated at the time of diagnostic
PSG testing.

METHODS
Study group and protocol
All patients referred for suspected OSA were evaluated in the
outpatient setting by 13 physicians (11 respirologists and
two neurologists) during a three-year period (2000 to 2003). The
global clinical evaluation took into consideration symptoms of
OSA (snoring, witnessed apneas and daytime somnolence), body
habitus (body mass index [BMI] and neck size), comorbid condi-
tions associated with OSA (hypertension, coronary disease,
stroke and diabetes) and physical examination findings. Sixty-
five patients (36%) underwent an overnight screening oximetry
test at home. Patients commenced empirical CPAP if there was
high clinical suspicion of OSA, if there was low likelihood of
another sleep disorder and if the patient was willing to begin
nightly CPAP treatment in the home (after explanation of the
risks and benefits). The patient received the CPAP machine at
no charge, and purchased the CPAP mask and humidifier (if
needed). The prescribing physician chose an arbitrary CPAP
pressure (ranging from 7 cm H2O to 12 cm H2O), taking into
account BMI, oropharyngeal crowding and neck size. Exclusion
criteria included an in-hospital consultation, the presence of an
occupationally sensitive job (eg, commercial drivers and pilots),
high suspicion of another primary sleep disorder (eg, narcolepsy
and restless legs syndrome), and the presence of respiratory or
congestive heart failure. At the time of PSG testing, height and
weight were measured and BMI was calculated. The patients
completed the Epworth Sleepiness Scale (ESS) before CPAP was
begun and at the time of PSG testing (12). CPAP responsiveness
was defined as a change in ESS with CPAP treatment of at least
five points. CPAP adherence was evaluated by accessing data
stored in the CPAP units at the time of the PSG. The present
study was approved by the University of Saskatchewan
(Saskatoon, Saskatchewan) Biomedical Research Ethics Board.

Equipment
A supervised, in-laboratory PSG included three electroencephalog-
raphy leads; two electro-oculography leads; sub-mental electromyo-
graphy (EMG); pulse oximetry; measurement of airflow (a pressure
sensor or thermistor), chest and rib cage movements (piezoelectric
belts); notation of snoring (a vibration sensor); diaphragmatic
EMG; anterior tibialis EMG; one-lead electrocardiography; and
notation of sleep position. Signals were digitally recorded using
Sandman diagnostic program (Nellcor Puritan Bennett Inc,
Ontario). Standardized sleep staging and scoring for sleep apnea was
undertaken by PSG technicians and confirmed by a sleep medicine
physician (13,14). OSA was defined as five or more obstructive
apneas and hypopneas per hour of sleep (apnea-hypopnea index
[AHI]). Obstructive hypopnea was defined as having at least a 50%
decrease in oronasal flow for 10 s or longer, with the presence of res-
piratory effort and either a 3% decrease in oxygen saturation or a
significant activation in electroencephalography (14). Severe OSA
was defined as having an AHI higher than 30; moderate OSA was
defined as an AHI 30 or lower but higher than 15; and mild OSA
was defined as an AHI 15 or lower but higher than five.

Patients were asked to refrain from CPAP use in the two nights
before PSG testing to reduce a washout effect, which could have
reduced the severity of OSA. Patients with at least moderate OSA
during the first 4 h of sleep had ‘split-night’ PSG (15). If OSA was
mild, a full diagnostic study was performed, followed by a second
full-night PSG test with CPAP titration. During CPAP titration,
the CPAP pressure was adjusted to abolish obstructive apneas,
hypopneas and desaturations. The empirical CPAP pressure was
considered optimal if it was the same as or higher than the manual
CPAP titration but was considered suboptimal if it was lower than
the CPAP titration pressure. All patients were interviewed by a
sleep medicine physician the morning after the PSG test.

Statistical analysis
Continuous data were presented as means ± SDs, and categorical
data were presented as frequencies (per cents). Categorical vari-
ables were compared using a χ2 analysis. A paired two-tailed t test
was used for comparing continuous variables before CPAP with
continuous variables after CPAP. A t test for two independent
samples was used to compare continuous variables between groups.
Correlations were assessed using linear regression analysis.

Statistical significance was defined as P<0.05. Statistical analy-
sis was completed using SPSS version 12.0 (SPSS Inc, USA).

RESULTS
One hundred eighty-three patients (143 men, mean [±SD]
51±11 years, mean BMI 37±8 kg/m2 and mean ESS 14±5),
who were prescribed empirical CPAP at the initial outpatient
assessment, were evaluated at the time of PSG testing. The
mean waiting period for PSG was 246±258 days (ranging from
less than one month in 5% of patients to longer than six months
in 48% of patients); mean length of CPAP use was
169±117 nights (63% of patients had longer than two months of
nightly use).

At the time of PSG testing, OSA was present in 166 of the
183 patients (91%) receiving empirical CPAP. Of those,
161 patients continued to use CPAP after PSG, and
five patients were prescribed bilevel PAP because of hypoven-
tilation or intolerance to high CPAP pressure. The mean AHI
was 42±34, and OSA was found to be severe in 53% of
patients, moderate in 22% and mild in 16%. The mean CPAP
adherence was 4.6±2.5 h/night. No serious adverse reactions
were reported. On empirical CPAP, the ESS decreased signifi-
cantly (14±5 versus 9±5, P<0.05). Fifty-three per cent of the
patients on empirical CPAP were CPAP responsive (defined
as a reduction in the ESS by at least five points). Patients who
underwent overnight oximetry before CPAP therapy were
similar in age, sex, BMI, AHI and CPAP pressures to those
who were prescribed CPAP without oximetry.

In patients diagnosed with OSA at the time of PSG testing
(n=166) (Table 1), the mean AHI was 46±33. There was signifi-
cant improvement in the ESS with empirical CPAP (mean
decrease of 5.0±0.5 points, P<0.01); 54% of patients (83 of 155)
were CPAP responsive. The change in the ESS with treatment
correlated weakly with AHI (r=0.23, P<0.01). Mean CPAP adher-
ence was 4.7±2.5 h/night. Men and women with OSA who
received empirical CPAP were similar in age, ESS and AHI, but
women were heavier than men. OSA was more common in men
(133 of 143 patients [93%]) than women (33 of 40 patients [83%])
(P<0.05) (Table 1). The manually titrated CPAP pressure in OSA
patients correlated weakly with BMI: CPAP pressure (cm H2O) =
6.2+(BMI×0.11) (r2=0.14, P<0.001).
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The arbitrary CPAP pressure in OSA patients was signifi-
cantly lower than the CPAP pressure determined during PSG
testing by manual titration (9.7±1.4 cm H2O versus
10.1±2.2 cm H2O, P<0.05). The arbitrary CPAP pressure was
lower than the manual pressure in 40% of patients. In those
with suboptimal CPAP pressure, the absolute difference in
CPAP pressure was frequently small (2 cm H2O or less in 50%
of patients). OSA patients with suboptimal CPAP pressure
had a higher AHI than those with optimal CPAP pressure, but
there were no significant differences between these groups in
age, BMI, decrease in ESS with CPAP treatment or CPAP
adherence (Table 1). Despite suboptimal CPAP pressure,
improvement in the ESS with CPAP treatment and the CPAP
adherence (4.8±2.5 h/night) were similar to those optimally
treated with empirical CPAP.

Seventeen patients (10 men and seven women) on empiri-
cal CPAP did not have OSA. Among them, five patients who
had primary snoring and/or probable upper airway resistance
syndrome had used empirical CPAP for at least six months.
One patient had periodic breathing and another had alveolar
hypoventilation. Both patients were noncompliant with
CPAP. In the remaining 10 patients (5.5%) who did not have
sleep-disordered breathing, four (2%) had periodic leg move-
ments and six (3%) had a completely normal PSG; five of
these patients did not adhere to CPAP.

In the 154 patients whose adherence was documented, 79%
(122 of 154 patients) had adhered to CPAP (at least 2 h/night
of CPAP use). Among those who adhered to empirical CPAP,
92% (112 of 122 patients) had OSA (true positives) when
tested by PSG but 8% (10 of 122 patients) did not (false posi-
tives). Alternatively, in 21% of the patients who did not
adhere to empirical CPAP, 78% (25 of 32 patients) had OSA
(false negatives), which was severe in 68%. Only 22% of the
nonadherent patients (seven of 32) did not have OSA (true
negatives). Adherence to a trial of CPAP (greater than
2 h/night) predicted OSA with a sensitivity of 82% and a
specificity of 41%; the positive and negative predictive values
were 92% and 22%, respectively.

DISCUSSION
In the present study, 91% of patients who had been started on
empirical CPAP had OSA. Their CPAP adherence and
improvement in subjective somnolence were comparable
with those prescribed CPAP in the traditional manner after
in-laboratory CPAP titration (16,17). The patients enrolled in
the CPAP trial waited several months (longer than 180 days in
48% of patients) for PSG testing. The mean waiting time was
longer in a comparable group of patients (n=119) not on
empirical CPAP who underwent PSG testing at approximately
the same time (mean wait time of 600±700 days). 

Our study has important limitations. The patients who were
selected for empirical CPAP constituted a minority of our out-
patients referred for OSA (9%). In addition, the patients were
mostly obese men who had classic findings of loud, habitual
snoring and somnolence. There may have been some residual
effects of recent CPAP use, which was discontinued two nights
before PSG testing. This could have led to underestimation of
the AHI (18). Despite this, most patients had at least moder-
ate OSA (AHI higher than 15 in 75% of patients). Global
clinical assessment by physicians with expertise in sleep medi-
cine and patient participation in the decision resulted in only
a 9% false-positive rate for OSA. Our success in recruiting

OSA patients for a CPAP trial may be explained by the fact
that all patients were initially screened by a family physician
who had referred the patient for evaluation of suspected OSA.
The prevalence of OSA in our outpatient sleep clinics is cur-
rently high (67%). Our results may have been affected by the
dropout rate (ie, patients prescribed CPAP who did not attend
the PSG test). We have estimated the dropout rate to be 17%.
The majority of our patients who started CPAP empirically
attended the PSG. It is possible, however, that those who did
not attend did not have OSA and did not use CPAP.
Alternatively, some patients with OSA may have had a dra-
matic subjective response to CPAP and decided not to undergo
PSG testing.

Another limitation of our study is that patient enrolment
depended mainly on the sleep physician’s overall clinical judg-
ment. We could have used prediction rules to assess the likeli-
hood of OSA, but most do not reliably discriminate OSA
patients (19). They also do not consider factors such as the
source of data (reliable partner), recent weight gain, a family
history of OSA, the presence and severity of comorbid condi-
tions, patient awareness, and the patients’ preferences and
commitment to a trial of CPAP. In a study by Rodsutti et al
(20), the primary factors in a clinical decision rule were sex,
age and BMI (secondary factors were snoring and witnessed
apneas or gasping). In retrospect, using this rule, most of our
patients would have been at high risk because 78% were male,
84% (154 of 183 patients) were 40 years of age or older, 33%
(60 of 183 patients) had a BMI of 40 kg/m2 or greater and 83%
(154 of 183 patients) had a BMI of 30 kg/m2 or greater. The
physical determinants of OSA may also have predictive value
for OSA, but their role in the comprehensive assessment of
suspected OSA patients remains controversial and their value
in women is not certain (21,22).

Other screening techniques for OSA could have been used.
Whitelaw et al (23) found that nocturnal oximetry-based
home monitoring was as good as diagnostic PSG testing in
allowing physicians to predict which suspected OSA patients
would have improved quality of life, measured by the Sleep
Apnea Quality of Life Index (24) after a four-week trial of
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TABLE 1
Characteristics of patients diagnosed with obstructive
sleep apnea

Empirical CPAP

Total Men Women Optimal Suboptimal

(n=166) (n=133) (n=33) (n=89) (n=72)

Age (years) 51±11 51±11 50±10 50±11 52±10

BMI (kg/m2) 37±8 36±6* 44±11 36±7 39±7

Apnea-hypopnea index 46±33 47±34 40±30 33±26† 61±35

ESS before CPAP 14±5 15±5 14±5 15±5 14±5

ESS after CPAP 9±5 9±5 9±4 9±4 9±5

Arbitrary CPAP 9.7±1.4 9.8±1.3 9.5±1.5 10.2±2.2† 9.1±1.4

pressure (cm H2O)

Titration CPAP 10.2±2.2 10.2±2.2 10.2±2.2 9.0±1.5† 11.8±1.8

pressure (cm H2O)

CPAP pressure 0.5±2.4 0.4±2.4 0.8±2.4 –1.3±1.2 2.6±1.5

difference (cm H2O)

CPAP adherence 4.7±2.4 4.6±2.3 5.3±3.0 4.7±2.4 4.8±2.5

(h/night)

Values are expressed as mean ± SD. *P<0.05 men versus women; †P<0.05
optimal versus suboptimal continuous positive airway pressure (CPAP). AHI
Apnea-hypopnea index; BMI Body mass index; ESS Epworth Sleepiness
Scale
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automatic CPAP. We obtained simple overnight oximetry trac-
ings in approximately one-third of our patients, which
revealed oxygen desaturation of 85% or less in approximately
60% of the patients; all but one patient who had oxygen desat-
uration of less than 85% had OSA, and severe OSA was pres-
ent in 64% of the patients. The use of overnight oximetry as a
screening test in our study before empirical CPAP prescrip-
tions may have affected the pretest probability of OSA in this
group. Both groups, however, were similar in demographics,
prevalence and severity of OSA, and CPAP pressure levels,
indicating that the use of oximetry did not influence the accu-
racy of CPAP pressure prescription or the likelihood that the
patient had OSA. Other home monitoring equipment for sus-
pected OSA was not used in the present study (25).

In retrospect, what were the potential risks and benefits of
implementing treatment in patients without first confirming
OSA by PSG? The majority of OSA patients who adhered to
empirical therapy received benefit because 68% of the patients
(71 of 105 patients) were CPAP responsive. We defined ‘the
response to CPAP’ as a change in the ESS of five points or
more with CPAP treatment. This definition was arbitrary but
was likely to be clinically significant. The ESS is commonly
used to assess daytime somnolence, and relates to both objec-
tive measures of sleep tendency and OSA severity (26,27).

Although CPAP adherence and CPAP responsiveness sug-
gest a benefit with empirical CPAP, we used an arbitrary CPAP
pressure between 7 cm H2O to 12 cm H2O, which was subop-
timal in 40% of patients and could have led to only partial
benefits. However, CPAP responsiveness in patients receiving
suboptimal CPAP pressures was comparable to that reported in
randomized, controlled trials of severe OSA patients, and was
better than that found with the use of sham CPAP for OSA
(28-30). Automatic CPAP devices may have better defined
optimal CPAP requirements in the home, but these devices
were not available to our patients at the time of the study (31).
Alternatively, patients could have adjusted their CPAP pres-
sure based on their perceived need, a practice that may be as
effective as in-laboratory manual titration (32).

Suboptimal CPAP pressure appeared to be as effective in
improving daytime somnolence as optimal CPAP because
CPAP responsiveness and CPAP adherence were similar in
both suboptimal and optimal groups (Table 1). Because we did
not have data on other outcomes, such as quality of life, objec-
tive measures of vigilance or residual AHI, these findings
should be interpreted with caution. Our results, however, are
similar to those of Hukins (33), who found that the clinical
response to arbitrary CPAP (8 cm H2O CPAP for a BMI less
than 30 kg/m2; 10 cm H2O CPAP for a BMI between 30 kg/m2

and 35 kg/m2, and 12 cm H2O CPAP for a BMI greater than
35 kg/m2) was as good as the response to CPAP using PSG
titration, despite the fact that a substantial number of patients
in the arbitrary group received lower CPAP pressures than
needed as determined by CPAP titration.

The algorithms used to predict effective CPAP pressure are
based on BMI and neck circumference, but most also include
the AHI (34-36). Manual CPAP titration revealed that only
9% of patients needed less than 8 cm H2O and only 12.6% of
patients required greater than 12 cm H2O. In retrospect, a
higher set arbitrary pressure of 12 cm H2O would have been
more satisfactory (treating 88% of patients). In the 21 patients
(12.6%) who required greater than 12 cm H2O by manual

CPAP titration, two-thirds had a BMI greater than 40 kg/m2.
Hukins’ algorithm would not have satisfactorily treated these
patients (33). The manual CPAP titration pressure in our study
did correlate with BMI in patients with OSA (CPAP pressure
[cm H2O] = 6.2+[BMI×0.11]), but the correlation was weak,
particularly in patients with a BMI greater than 40 kg/m2.

What were the risks of treating patients who did not have
OSA? Seventeen of our patients (9%) did not have OSA,
although five had some evidence of mild sleep-disordered
breathing, with loud snoring and daytime somnolence (likely
upper airway resistance syndrome) (37). Those patients with-
out OSA were subjected to the inconvenience, costs and pos-
sible adverse consequences of nightly CPAP.

Adherence to CPAP may have predicted the presence of
OSA. The sensitivity of CPAP adherence for OSA was 82%,
and the positive predictive value was 92%. However, 21% of
OSA patients did not adhere to empirical CPAP, and 68% of
those had severe OSA (AHI greater than 30). The CPAP trial
could have been more clinically useful if nonadherent patients
had been identified quickly and PSG had been completed
immediately.

Our experience with empirical CPAP is limited, but we sus-
pect that this practice is not limited to our jurisdiction because
access to PSG testing is limited in many countries (11). Senn
et al (38) found that a positive CPAP (automatic titration)
response (longer than 2 h of nightly use, plus a willingness to
continue CPAP use by questionnaire) had positive and nega-
tive predictive values for an AHI greater than 10 of 97% and
78%, respectively, and was accurate in identifying patients
who continued on CPAP for at least four months. In our real-
world outpatient experience, the positive predictive value of
92% was similar to that obtained by Senn et al (38), but our
negative predictive value was much lower (22%). Although
the purpose of empirical CPAP was not to replace diagnostic
PSG, the low negative predictive value of CPAP adherence for
OSA would have reduced its potential diagnostic value.

CONCLUSION
Ninety-one per cent of patients selected for an empirical
CPAP trial on the basis of high clinical suspicion of OSA had
OSA by PSG testing. Most patients satisfactorily adhered to
treatment and noted improvement in daytime somnolence.
However, our arbitrary choice of CPAP pressure was imprecise,
resulting in supoptimal CPAP pressures in 40% of patients.
Nevertheless, the response to empirical CPAP appeared satis-
factory, even when the arbitrary CPAP pressure was subopti-
mal. Although the experience from this retrospective case
series is not definitive, empirical CPAP did appear to provide
satisfactory interim treatment in CPAP-adherent patients who
had classic symptoms for OSA while awaiting diagnostic PSG
testing. However, the potential for benefit in the OSA patients
who adhered to empirical CPAP must be balanced by the
potential costs and risks of empirical CPAP treatment in the
OSA patients who did not tolerate it, in the non-OSA
patients who received it and in the OSA patients who adhered
to CPAP but were treated with suboptimal CPAP pressures.
Early identification of nonadherent CPAP users followed by
immediate PSG testing would, in retrospect, have improved
the clinical outcome of the trial. In the setting of limited
access to diagnostic PSG testing, this strategy deserves further
consideration.
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