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Study Objectives: This study has as its primary objective to evaluate the quality and effectiveness of type Il ambulatory polysomnography (Amb-PSG)
versus type | attended laboratory polysomnography (Lab-PSG) in diagnosing obstructive sleep apnea (OSA). Its secondary objective is to evaluate the clinical

efficacy, quality of life (QoL), and treatment adherence after diagnosis.

Methods: An observational study of patients with OSA (n = 225) in whom diagnosis was made via Amb-PSG (n = 114) or Lab-PSG (n = 111). Patients’
clinical data were retrospectively assessed (including general demographic and clinical data, Epworth Sleepiness Scale, blood pressure, indices from
polysomnography, and treatment adherence. Cross-sectional assessment (patient questionnaire) was used to evaluate clinical efficacy indicators,

comorbidities, current treatment, and QoL.

Results: Polysomnography indices were comparable between Amb-PSG and Lab-PSG (apnea-hypopnea index: 38.9 + 22.5 versus 35.8 + 23.1 events/h;
P> .05), except for an elevation of total sleep time (510 + 54.7 versus 476.3 + 79.4 minutes; P < .01) and loss of oximetry signal (9.8% versus 0.0%;

P < .05). Based on polysomnography parameters, OSA was severe in 119 patients (52.9%), moderate in 88 (39.1%), and mild in 18 (8.0%). Diagnostic effect
of Amb-PSG in clinical (body mass index, blood pressure, Epworth Sleepiness Scale) and treatment follow-up (CPAP adherence and QoL) indicators was

comparable to that of Lab-PSG.

Conclusions: Amb-PSG showed an OSA diagnostic capacity comparable to Lab-PSG. Secondary analyses (diagnostic quality, clinical efficacy, treatment
compliance, QoL) underline the value of Amb-PSG as an emerging alternative to improve accessibility to care.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Ambulatory polysomnography (Amb-PSG) is often underestimated as a valuable alternative to laboratory
polysomnography (Lab-PSG). This study aims to compare the quality and effectiveness of these two techniques in diagnosing obstructive sleep apnea.
Study Impact: Amb-PSG and Lab-PSG showed comparable diagnostic quality to Lab-PSG in diagnosing obstructive sleep apnea. Diagnostic effect
of Amb-PSG in clinical (body mass index, blood pressure, Epworth Sleepiness Scale) and treatment follow-up (CPAP adherence and QoL) indicators
was comparable to that of Lab-PSG. These data underline that Amb-PSG may have an important role in improving accessibility to testing.

INTRODUCTION

Obstructive sleep apnea (OSA) is increasingly prevalent in
western populations,' and is closely associated with several
other conditions, such as hypertension, cardiovascular dis-
eases, obesity, or diabetes mellitus.>'° Still, despite its increas-
ing effects, OSA is thought to remain undiagnosed in large
proportions of patients.’

Attended laboratory polysomnography (Lab-PSG), or type
I PSG, is considered the diagnostic gold standard for manage-
ment of OSA." The capacity to perform Lab-PSG is below de-
mand in most countries, contributing to long wait lists, high
examination costs, and a high number of patients with sus-
pected OSA without treatment.'?
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Unattended level I home assessments are commonly used
to improve accessibility,'** but these have limitations inherent
to the lack of sleep data.

Ambulatory polysomnography (Amb-PSG), or type II PSG,
allows one to diagnose other sleep comorbidities with the ad-
vantage of characterizing sleep stages and measuring arousals,
total sleep time (TST) and an accurate respiratory disturbance
index (RDI)." Because it is performed in an ambulatory setting,
Amb-PSG requires more patient cooperation. Previous studies
showed an increased number of errors in Amb-PSG compared
to Lab-PSG'*" that could be explained by the increased num-
ber of sensors and added complexity for the patient.

This study has the primary objective to evaluate the quality
and effectiveness of Amb-PSG versus Lab-PSG in diagnosing

August 15, 2018



L Andrade and T Paiva

OSA and the secondary objective to evaluate the clinical efficacy,
quality of life (QoL), and treatment adherence after diagnosis.

METHODS

Study Design and Population

The study was conducted at a Lisbon Sleep Medicine Center
(CENC), highly experienced in performing both Lab-PSG and
Amb-PSG. The observational study was designed with: (1) a
retrospective assessment to identify patients with OSA who
underwent either Amb-PSG or Lab-PSG, and (2) a transversal
cross-sectional assessment of patients to evaluate clinical indi-
cators, comorbidities, current treatment, and QoL.

Patient inclusion criteria were to have a first consultation for
sleep problems, a PSG with an RDI >5 events/h and follow-up
consultations after treatment with noninvasive ventilation. Pa-
tient exclusion criteria were absence of clinical, demographic
or treatment data.

From 2,158 PSG tests performed between 2007 and 2009,
we found 914 (42.4%) with OSA (apnea-hypopnea index
[AHI] > 5 events/h). From these, 420 (45.9%) were Lab-PSG
and 494 (54.0%) were Amb-PSG. However, only 363 of these
patients had complete medical records in the clinic, all the oth-
ers were external referrals. In most cases these patients were
referred to the sleep medicine center for PSG testing from
other private practices. There are no indications that these pa-
tients present different levels of sleep study failure.

These 363 patients were invited to participate in the study,
and an informed consent form and patient questionnaire were
sent to them via postal mail with a prepaid return envelope. Pa-
tients were also contacted by email or telephone to ask for their
participation. Technicians of ventilation treatment companies
helped to collect continuous positive airway pressure (CPAP)
readings to establish treatment adherence when existing read-
ings were older than 12 months. The response rate was 62%.
The final sample included 225 patients.

The study protocol, data collection forms, and informed
consent form were approved by the Ethics Committee of Fac-
uldade de Medicina de Lisboa, University of Lisbon, Portugal.
The informed consent form constituted the first page of the
documentation received by patients invited to participate in the
study. Only patients who signed their informed consent form
were enrolled in the study.

Assessments

Retrospective Component (PSG and Clinical Data)

Demographic, anthropometric, and clinical data were collected
from patient files available at the center. Data collected included
symptoms, Epworth Sleepiness Scale (ESS) scores, blood pres-
sure (BP), comorbidities, ongoing therapy, and PSG results.
For patients enrolled in the study, Lab-PSG had been carried
out using Alice 5 (Philips Respironics, Murrysville, Pennsylva-
nia, United States) in 27.0% of cases, Domino (SOMNOmedics
GmbH, Randersacker, Germany) in 19.5%, Embla 7000 (Embla
Systems, Inc., Broomfield, Colorado, United States) in 26.4%,
and Nicolet (Vyassis Healthcare, San Diego, California, United
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States) in 27.1%. Amb-PSG had been carried out using Domino
in 87.4% of cases and Embla 7000 in 12.6%. The main criteria
the sleep center used when assigning patients to Lab-PSG or
Amb-PSG were: (1) clinical history suggestive of other sleep
pathologies, (2) severity of cardiovascular disease or other co-
morbidities, and (3) patient preference, especially for patients
living in other cities.

All PSG tests were carried out according to standardized
techniques with digital data recording. Preparation of exami-
nations and placement of electrodes lasted approximately 50 to
60 minutes. For Lab-PSG, the examinations took place under
the vigilance of specialized technicians with the supervision of
a physician, in a room with appropriate technical conditions.
The study center is equipped with four bedrooms in which
these examinations are performed.

Amb-PSG used the same sensors, with the same care and
time taken by the technician to place the electrodes, which
were placed at the end of the day in the clinic, with a few ad-
ditional recommendations: not to sleep with electric blankets
or over electric mattresses, and to avoid using mobile phones
or microwaves at least 2 hours prior to recording. Time to go
to bed and to get up was agreed upon by the technician and
the patient. On the following morning, the patient returned the
equipment, and a brief questionnaire informing the exact time
the patient went to bed.

PSGs were staged according to the American Academy of
Sleep Medicine 2007 recommendations, with automatic stag-
ing followed by manual staging in phases of 30 seconds, accord-
ing to modified Rechtschaffen and Kales criteria, carried out
by experienced technicians and analyzed by sleep specialists.
Data were obtained from two central derivations (C4-Al, C3-
A2), two occipital derivations (02-Al, O1-A2), two derivations
for the detection of ocular movement (ROC-A1, LOC-A2), one
electromyogram (EMG) derivation, two electrocardiogram
electrodes, a nasal pressure sensor, nasal thermistor, piezoelec-
tric snore sensor, respiratory movement sensors with thoracic
and abdominal piezoelectric bands, pulse oximetry, EMG of
the right and left tibialis muscle, and body position.

Hypopnea was defined as a decrease in amplitude of the
thermistor > 30%, with desaturation > 4% compared to the
prior baseline value, over at least 90% of the duration of an
event > 10 seconds. OSA was classified as light (AHI 5.1-15
events/h), moderate (AHI 15.1-30 events/h), and severe
(AHI > 30 events/h).?

Clinical data were retrieved from clinical records. Hy-
pertension was assumed for patients with systolic BP > 135
mmHg and/or diastolic BP > 85 mmHg in clinical records and
also patients treated with antihypertensive agents irrespective
of recorded BP. Patients with body mass index (BMI) values
between 25 and 30 kg/m? were considered overweight, and
patients with BMI values > 30 kg/m? were considered obese.
Previous BP and previous BMI were based on clinical records
from the first clinical consultation, and BP and BMI after
CPAP treatment based on the last clinical consultation if they
had been measured in the previous 12 months. For registries
older than 12 months, technicians of ventilation companies
were asked to measure BP; if not possible, BP reported in the
patient questionnaire was used.
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CPAP prescription was made by a senior sleep specialist
with the following protocol: the PSG results were shown and
explained to each patient, specifically the presence of snor-
ing and apnea, and their effect on O, saturation, heart rate,
and arousals; furthermore, the long-term risks of OSA were
explained, namely cardiovascular and cerebrovascular risks,
accident risks, cognitive, and sexual effects; patients had the
CPAP machine on the same day of prescription or within a
few days; a second visit would occur within 3 to 4 weeks in
order to assess adaptation difficulties. Adherence to CPAP
treatment was established based on clinical file registers. If the
last results were older than 12 months, the companies provid-
ing home care ventilation were asked to read the memory card
of the ventilation equipment. Good compliance with positive
pressure therapy was defined as more than 4 h/night in more
than 70% of days.?" A residual AHI < 5 events/h was consid-
ered a treatment efficacy indicator.??

Cross-Sectional Component (Patient Questionnaire)

Patient questionnaires included questions regarding: (1) PSG
procedure (date, anthropometric information, type of PSG,
quality of sleep on the night of the examination, preference on
PSG location study and if they had to repeat it); (2) frequency
of symptoms before PSG; (3) comorbidities (4) current treat-
ments; (5) previous and current BP; (6) previous and current
ESS"; and (7) Medical Outcomes Study 36-Item Short Form
Health Survey (SF-36).

For the purposes of this study the Portuguese validated
versions of ESS (Santos et al."*) and SF-36 (Ferreira and San-
tana?’) were used. The SF-36 survey is composed of 36 items,
which evaluate 8 health domains: physical functioning, physi-
cal problems, emotional problems, social functioning, mental
health, energy and vitality, pain, perception of general health.
The score is coded and is transformed in a scale that varies
between 0 (minimum) and 100 (maximum). The SF-36 QoL
survey was used reliably in OSA.*

A score less than 10 in the ESS scale was considered within
normal limits. Light excessive sleepiness was defined as scores
between 10 and 12, moderate excessive sleepiness as scores
between 13 and 17, and severe excessive sleepiness as scores
between 18 and 24.% For the purpose of analysis, previous ESS
scores were retrieved for the clinical files.

Data Analysis and Statistical Methods
Data analysis was divided into four main areas: quality, clini-
cal efficacy, treatment efficacy, and QoL. Quality indicators in
PSG diagnosis included PSG indexes, percentage of studies
with insufficient registered time (< 240 minutes),'®*® and per-
centage of studies with absence of sensors recording.'® Clini-
cal efficacy indicators included subjective sleep quality and
preferred PSG location,'®* ESS,"® BMI, and prior and current
BP.” Treatment efficacy indicators included adherence to ven-
tilation treatment (patients who discontinued treatment were
not considered) and residual AHI.?>?” QoL was evaluated ac-
cording to SF-36 results.?

Nominal variables were summarized using frequency dis-
tributions and proportions and quantitative variables by using
means and standards deviation or medians and ranges. The ¢,
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Table 1—Demographic and clinical characteristics of the
study population.

Amb-PSG Lab-PSG
Characteristic (n=114) (n=111) P
Sex, n (%)
Female 20 (17.5) 45 (40.5) .002
Male 94 (82.5) 66 (59.5) 027
Age, years, n (%)
20-40 12 (10.8) 8(7.3) 371
41-60 56 (50.5) 54 (49.1) 849
61-80 43 (38.7) 48 (43.6) 600
Symptoms, n (%)
Snoring 99 (86.8) 95 (85.6) 431
Witnessed apnea 87 (76.3) 60 (54.1) .002
Dry mouth 81(71.1) 76 (68.5) 846
Difficulty in concentrating 45 (39.5) 39 (35.1) J97
Insomnia 45 (39.5) 49 (44.1) 329
Morning headache 31(27.2) 40 (36.0) .354
Chocking when waking 28 (24.6) 26 (23.4) 915
Nocturnal leg movement 24 (21.1) 19 (17.1) 281
Comorbidities, n (%)
Hypertension 76 (66.7) 59 (54.1) .056
Depression/anxiety 30 (26.3) 30 (27.5) 839
Dyslipidemia 43 (37.7) 39 (35.8) 764
Dyspepsia 19 (16.7) 15(13.8) 546
Diabetes 17 (14.9) 11(10.1) 277
Myocardial infarction 2(1.8) 5(4.6) 225
Stroke 0(0.0) 1(0.9) .305
Dysrhythmia 4 (3.5) 2(1.8) 440
Chronic bronchitis 13 (11.4) 6 (5.5) 115
Asthma 1(0.9) 1(0.9) 975
Thyroid disease 9(7.9) 10(9.2) 132
Rheumatologic disease 4(3.5) 6 (5.5) 472

Amb-PSG = ambulatory polysomnography, Lab-PSG = attended
laboratory polysomnography.

Wilcoxon, Mann-Whitney U, or chi-square tests were used as
appropriate; parametric approaches were preferred whenever
suitable. Statistical analyses were performed using SPSS ver-
sion 20.0 for Windows (SPSS Inc, Chicago, Illinois, United
States), with significance at P <.05.

RESULTS

Study Population
A total of 225 patients participated in the study. Table 1 shows
the demographic and clinical characteristics of the study popu-
lation. A total of 114 patients had Amb-PSG and 111 Lab-PSG
performed, at a median age of 55.9 = 10.9 versus 57.6 + 10.8,
(P = .266). There was male predominance in both groups
(82.5% Amb-PSG versus 59.5% Lab-PSG).

The symptoms that most frequently led patients to seek
a medical consultation were snoring, witnessed apnea, dry
mouth, and difficulty with concentration (Table 1). No signifi-
cant differences in reported symptoms between the two groups
were found, except for witnessed apnea (P = .002) in the
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Table 2—PSG indexes in patients who underwent Amb-PSG versus Lab-PSG.
Amb-PSG (n = 114)

Lab-PSG (n = 111)

Parameter Mean * SD Range
TST, minutes 5102+ 54.7 360-660
Sleep efficiency, % 798 +11.4 41-98
Sleep onset latency, minutes 220+24.7 0-157
REM onset latency, minutes 924 +£62.5 0-340
REM, % TST 12.8+6.5 0-31
Stage N1-N2 sleep, % TST 78.6+9.8 37-100
Stage N3 sleep, % TST 10.0£9.1 0-45
Apnea-hypopnea index, events/h 389+225 6-128
Mean Sa0,, % 932+3.9 60-97
Min Sa0,, % 774 +9.7 48-92
Oxygen desaturation index, events/h 36.5+22.6 1-128
Leg movement, n 102+228 0-189
Myoclonus, n 12.3+12.3 0-87
Micro-arousal 9.6 +11.7 0-66
Wakening 145+12.2 0-89
TST < 90% Sa0,, minutes 62.1£62.5 0-290
Snoring, % TST 243+23.2 0-88

Mean * SD Range P

476.3+79.4 216-639 .007
7831114 51-98 342
19.1+£17.9 0-90.5 A78
95.0 £62.5 0-270 414
121164 0-26 636
76.7 £ 11.6 47-97 202
11.1+£93 0-38 443
35.8 £23.1 8-101 160
93.3+2.0 87-97 630
77.2+£105 48-92 779
31.6+215 0-96 .093
10.3+£16.7 0-89 781
124 +17.9 0-85 .051
125+194 0-89 .246
122+£20.2 0-82 121
51.4 £57.1 0-322 200
156 +21.7 0-94 <.001

Amb-PSG = ambulatory polysomnography, Lab-PSG = attended laboratory polysomnography, PSG = polysomnography, REM = rapid eye movement,

Sa0, = oxygen saturation, SD = standard deviation, TST = total sleep time.

Amb-PSG group. The most frequent comorbidities were hy-
pertension, lipid metabolism changes, and depression/anxiety,
with no significant differences between the two study groups.

ESS was used to characterize previous excessive daytime
sleepiness, which was elevated in 138 out of 219 participants
(63.0%) (67.3% of Amb-PSG versus 58.7% Lab-PSG; P =.190),
with mild intensity in 36 (16.4%) participants (15.5% of Amb-
PSG versus 17.6% of Lab-PSG), moderate intensity in 63
(28.8%) participants (30.0% of Amb-PSG versus 27.8% of Lab-
PSG), and severe intensity in 39 (17.8%) participants (21.8%
of Amb-PSG versus 13.9% of Lab-PSG). Excessive daytime
sleepiness intensity was not significantly different between
Amb-PSG and Lab-PSG groups (P = .375).

Most patients were overweight prior to PSG; 65 (31.6%) had
BMI 25-30 kg/m? and 107 (51.9%) had BMI > 30 kg/m?. Mean
baseline BP was within the normal range, with mean systolic
BP of 133.4 + 16.3 mmHg and mean diastolic BP of 81.1 = 10.8
mmHg), but 72.8% of participants had hypertension. There
were no significant differences between groups in mean base-
line BMI or BP.

Most participants (57.2%) lived in Lisbon (ie, close to the
laboratory), with only 19.7% in the Amb-PSG group and 21.3%
in the Lab-PSG group living more than 40 km from the labora-
tory (P = .484). Participants in the Lab-PSG group attended
more medical consultations associated with the procedure, with
an average of 1.80 = 1.21 consultations compared to 1.46 +0.92
consultations in the Amb-PSG group (P = .02).

Primary Analysis: Diagnostic Quality
PSG indexes (Table 2) were comparable between groups, with
two exceptions: TST was significantly longer for Amb-PSG
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(P =.007), and snoring (measured as percentage of total sleep
time) significantly lower for the Lab-PSG group (P <.001).

Based on PSG parameters, severe OSA was diagnosed in a
total of 119 patients (52.9%), moderate OSA in 88 (39.1%), and
8 mild OSA in 18 (8.0%); patients who underwent Amb-PSG
showed overall similar OSA severity distributions compared
to Lab-PSG (P = .305). Interestingly, for both groups, mean
AHI was > 30 events/h, which highlights disease severity in
this population.

The type of PSG examination (ie, ambulatory versus labora-
tory) did not interfere with the diagnosis of other pathologies.
As such, movement disorders were diagnosed in 19.6% of pa-
tients, insomnia in 2.7%, and arrhythmias in 4.9%, but there
was no significant difference in the diagnosis of these condi-
tions between the Amb-PSG group and the Lab-PSG group.

There was no need to repeat Amb-PSG because of insuf-
ficient recording time. We found a larger proportion of Amb-
PSG patients with lack of nocturnal oximetry data (9.8%
versus 0.0% in Lab-PSG; P = .010). No data loss was detected
for other sensors. In any case, data losses did not prevent OSA
diagnosis, although in some studies, the AHI was changed to
apnea indexes.

Figure 1 presents the self-reported quality of sleep on the
night of PSG and shows that the location of PSG (ambulatory
versus laboratory) did not significantly influence self-reported
quality of sleep (P = .763). When patients were questioned on
the preferred location if there was a hypothetical need to re-
peat the examination,most would prefer to repeat the examina-
tion in the format that had been previously used. Interestingly,
those who would prefer Amb-PSG also showed significantly
increased sleep efficiency (P = .036).
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Secondary Analysis

Clinical Efficacy

Both patient groups showed similar clinical efficacy results af-
ter OSA treatment with CPAP, with no significant differences
in BMI (P = .756), mean systolic BP (P =.733), mean diastolic
BP (P = .451), and mean ESS score (P = .764). Mean BMI was
significantly decreased for 32.4% Amb-PSG (P = .046) and
44% Lab-PSG (P < .001) groups after treatment, although the
magnitude of BMI changes was small, despite being statisti-
cally significant (Figure 2A).

Daytime sleepiness significantly decreased in 120 patients
after treatment; only 9.1% of patients (n = 9 Amb-PSG ver-
sus n =9 Lab-PSG; P = .946) showed residual daytime sleepi-
ness, despite treatment. Overall, ESS scores were reduced by a
mean of 7.4 + 6.1 points, with no significant difference between
Amb-PSG and Lab-PSG (P = .111) (Figure 2B).

There was a substantial reduction in the overall prevalence
of hypertension according to measured BP, from 45.8% to
29.7% (Figure 2C and Figure 2D). Amb-PSG and Lab-PSG
groups showed comparable hypertension patterns (P = .721).

Treatment Compliance

It was feasible to evaluate compliance with CPAP treatment in
182 patients (80.8%); 31 patients (17%) abandoned CPAP (16
in Amb-PSG and 15 in Lab-PSG), and 12 patients were rap-
idly directed to surgery (11 otorhinolaryngology surgery and |
thyroid surgery; 5 in Amb-PSG and 7 in Lab-PSG). The main
equipment type was auto- CPAP, used by 62.1% patients (59
Amb-PSG and 54 Lab-PSG), (P =.701). The type of equipment
was not associated with abandonment: 15 patients (8.2%) aban-
doned CPAP and 14 (7.7%) auto-CPAP treatment (P = .095).

Mean CPAP use was over 5 h/night (5.8 + 1.4 hours in Amb-
PSG versus 5.6 + 1.3 hours in Lab-PSG, P = .884), in more than
70% of days (79% =+ 25.4% in Amb-PSG versus 77.6% + 25.3%
in Lab-PSG, P = .193), with mean residual AHI < 5 events/h
(3.6 = 2.3 events/h in Am-PSG versus 4.1 + 3.0 events/h in
Lab-PSG, P =.995), which is considered within clinically effi-
cient limits.”! Overall, 88.8% of patients used ventilation treat-
ment for more than 4 hours in more than 70% of nights, with
similar compliance between groups (P = .915).

CPAP compliance at approximately 1-year follow-up was
independent of OSA severity. Duration of OSA treatment was
also not associated with compliance, when comparing patients
under CPAP treatment for less than 1 year to those under treat-
ment for more than 1 year.

Quality of Life

A total of 148 patients answered the QoL SF-36 survey, 70 in the
Amb-PSG group (47.3%) and 78 in Lab-PSG group (70.2%). For
the first question on the SF-36, 110 patients (74.3%) stated to have
a better QoL compared with the previous year. These patients
also showed significantly higher SF-36 global score (P = .001)
than those reporting similar or worse QoL in the previous year.
Among patients reporting better QoL, most (104, or 74.8%)
had good adherence to CPAP. Actually, nonadherence to CPAP
treatment was significantly associated with worsening QoL
(odds ratio: 5.4, 95% confidence interval: 1.9-15.8, P =.002).
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Figure 1—Self-reported quality of sleep on PSG night and
preferred location for hypothetically repeated PSG.
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Amb-PSG = ambulatory polysomnography, Lab-PSG = attended
laboratory polysomnography, PSG = polysomnography.

Table 3 shows mean scores for each specific scale of the SF-
36 survey. There were no significant differences in mean scores
among patients in the Amb-PSG and the Lab-PSG groups,
except for an increase in the Role-Physical scale in the Amb-
PSG group (P = .042). Importantly, SF-36 scores in this study
population were significantly increased compared to that of the
general Portuguese population® as found by other authors.?*

The subpopulation of patients considered treatment compli-
ant (as previously mentioned) showed significantly higher scores
than noncompliant patients in Role-Emotional (P = .024), Role-
Physical (P = .041), Mental Health (P = .024), Vitality (P =.039),
and Social Functioning (P =.007) scales. However, when further
stratifying for Amb-PSG and Lab-PSG groups, only compliant
patients in Amb-PSG group showed significantly higher scores
in Vitality (P = .046) and Mental Health (P = .004) scales; com-
pliant patients in the Lab-PSG group showed no significantly
different SF-36 scores compared to noncompliant counterparts.

This study included examinations that were carried out
over a period of 3 years: 16.8% 1 year prior to patients’ sur-
vey, 28.3% 2 years prior to patients’ survey, and 54.8% 3 years
prior to patients’ survey. No dependencies were found between
QoL in the first (subjective) question and the number of years
of treatment (P = .772) nor with excessive daytime sleepiness
(ESS score > 10) (P = .757).
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Figure 2—Change in clinical variables before PSG and after OSA diagnosis and CPAP treatment.
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Amb-PSG = ambulatory polysomnography, CPAP = continuous positive airway pressure, Lab-PSG = attended laboratory polysomnography,

OSA = obstructive sleep apnea, PSG = polysomnography.

Table 3—Mean SF-36 scores reported by patients after OSA diagnosis and noninvasive ventilation treatment.

SF-36 Scales Amb-PSG (n=90) Lab-PSG (n=93)
Physical Functioning 85.7+18.9 836+17.7
Role-Physical 84.3+29.8 83.6+25.8
Bodily Pain 7494278 71.3+29.4
General Health 65.8 £19.3 65.3 £21.6
Vitality 66.3 £ 24.1 65.9+24.3
Social Functioning 876+223 85.9+22.2
Role-Emotional 86.6 + 26.5 83.1+£284
Mental Health 754 +20.2 75.3+22.7

P General Population* Pt
204 75.27 + 26.74 <.001
042 71.21+£25.78 <.001
414 63.34 +24.90 <.001
.780 55.83 + 18.80 <.001
943 58.40 + 25.61 <.001
694 74.95 £ 22.80 <.001
235 73.56 £ 24.59 <.001
687 64.04 £ 22.84 <.001

Results are presented as mean + standard deviation. * = from Ferreira and Santana.?* t = mean scores in the study population compared to previously reported
scores in the general population using one-sample t test. Amb-PSG = ambulatory polysomnography, Lab-PSG = attended laboratory polysomnography,
OSA = obstructive sleep apnea, SF-36 = Medical Outcomes Study 36-Item Short Form Health Survey.

DISCUSSION

We compared two groups of patients with clinical homogenous
features to assess the overall effectiveness of PSG performed in
ambulatory and laboratory settings. We found 98% prevalence
of moderate and severe OSA. Both groups had comparable
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PSG characteristics and diagnostic capacities for other sleep
pathologies, which is not the case for type III PSG.

Snoring (79.1%) and witnessed apnea (65.3%) prevalence in
this study were comparable to the population studied by Masa
et al.”® Nonetheless, snoring was more frequent than what was
reported by Casale et al.? which may be because our sample
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had already been screened and referenced by an assistant phy-
sician, as mentioned by Ramsey et al.*

Amb-PSG in this study maintained reliability and diag-
nostic precision, with a mean total sleep time (TST) over 240
minutes, in fact significantly higher in the Amb-PSG versus
Lab-PSG groups. These findings are consistent with those of
Iber et al.,”® and further contradict the earlier results of Fry
et al.'” Longer total sleep time in an ambulatory setting could
be due to the existence of a waking time in the laboratory set-
ting,* which would shorten sleep time, or be due to the exis-
tence of agreed sleeping time in Amb-PSG.

Subjective evaluation of quality of sleep on the night of the
examination was considerably better in this study than in pre-
vious ones,"*> with fewer patients reporting having slept worse
than usual (50% previously versus 15% here).® In previous
studies most patients preferred to repeat the examination in
a laboratory context,'>'®!° but in our sample most preferred to
repeat the examination in the known format, which could indi-
cate a higher degree of satisfaction with both procedures.

Obesity was highly prevalent in the study population
(51.9%), which is in line with previous findings.*?*3 After treat-
ment, obese patients proportion was reduced, which can be ex-
plained by healthier lifestyles, either in response to physician
advice or due to apnea and nocturnal desaturations corrections
with CPAP treatment as suggested by other authors."

Treatment compliance was within clinical efficient boundar-
ies as stated by Park et al.?! or Torre-Bouscoulet et al.,?” with no
significant difference between both groups.

This study has 98% of patients with moderate and severe
OSA and 68.3% of symptomatic sleepy patients, with a mean
reduction of 7.4 points in ESS with CPAP treatment, which is
in accordance with the results of Masa et al.® or Mulgrew et
al.”? or Lewis et al.* who found a mean reduction of 5.8 points.

McEvoy et al.* found no benefit in cardiovascular outcomes
with a median CPAP adherence of 3.3 + 2.3 h/night. This mul-
ticenter randomized controlled trial selected patients with pre-
vious acute cardiovascular events and minimally symptomatic
OSA (median ESS score of 7.3 + 3.6), which contrasts with our
population, where 68.3% had an ESS score > 10 and only 8 pa-
tients (3.5%) had such a major previous cardiovascular event.
Although clinical guidelines indicate that adherence over 4
h/night is clinically efficient to control sleepiness, Weaver et
al.* found a positive association between ESS reduction and
more CPAP nighttime adherence and also a greater improve-
ment in visual memory tasks in patients who had an adher-
ence over 6 h/night,” suggesting better clinical outcomes with
higher adherence rates. Also, Barbé et al.’® found that blood
pressure is only significantly lowered with CPAP adherence
over 5.6 h/night and McArdle et al.** found an association of
long-term adherence in sleepy snorers (ESS score > 10) with
severe OSA.

In our study, both groups (Amb-PSG 5.8 + 1.4 h/night and
Lab-PSG 5.6 + 1.3 h/night) showed higher time of CPAP use
than McEvoy et al.** (3.3 = 2.3 h/night), Tsara et al.** (4.8 £ 2.4
h/night), or Lewis et al.** (5.2 + 2.0 h/night) study populations,
but closer to the population of Masa et al.?® (5.2 + 2.0 h/night).
The relevance of this OSA sleepy phenotype in CPAP adher-
ence was also underlined by Saaresranta et al.*!
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SF-36 scores were significantly higher among treatment
compliant patients and comparable between the Amb-PSG and
Lab-PSG groups, which is consistent with previous findings.*
The increased SF-36 scores in comparison with those of the
general population are in accordance with the results of Sic-
coli et al.>* QoL improvement in our sample may be related to
weight loss,* reduction of excessive daytime sleepiness,* and
good treatment compliance (88.8%) with the expected second-
ary improvement in cognitive capacities and control of cardio-
vascular risk factors. Because not all patients completed the
survey, there might be a bias due to higher response rate among
satisfied patients.

Few studies compared PSG conducted in ambulatory and
laboratory settings. Some authors mention difficulties such as
technicians’ visits to patients’ homes or patient travel to sleep
clinics,>'%1 quality control procedures or certification to en-
sure reliability, and a low failure rate with few repetitions. In
previous comparative studies, considerable proportions of pa-
tients were excluded due to data loss, poor data quality, or insuf-
ficient registering times. Portier et al."” had to exclude 20% of
patients in the Amb-PSG group and 5% in the Lab-PSG group,
whereas Gagnadoux et al.' had to exclude 23.4% of patients in
the Amb-PSG group and 11.2% in the Lab-PSG groups. In this
study we had lower rates of data loss and there was no need to
repeat PSG or to exclude patients. These success rates could be
explained by the fact that technicians were highly experienced
in the placement of electrodes sensors, using the same meth-
odology in Amb-PSG and Lab-PSG. Patient education also has
a central role, with patients being thoroughly informed about
proper handling of equipment prior to and during the examina-
tion. In our experience, Amb-PSG only presents about two-
thirds of the cost of Lab-PSG, which further emphasizes the
potential of high-quality home studies, particularly in contexts
of unmet needs and resource constrains.

This study had limitations mainly associated with its de-
sign. The study was based on a single sleep pathology center,
using retrospective data complemented by patient question-
naires, with a potential for selection and recall bias. This center
is used by patients from other centers as a diagnostic facility,
in which case only basic identifying information is registered.
This explains the lack of clinical and demographic data of
60% of OSA PSGs performed in the same period as the study.
Although there are no indications that those patients present
different levels of sleep study failure or different outcomes,
given this context, we were not able to systematically validate
these assumptions due to the retrospective nature of the study
and, thus, the potential for selection bias should be considered.
Nonetheless, the remaining patients with demographic and
clinical data available had a fairly high response rate and most
measures were comparable to previous studies, which in our
view contributes to minimize the potential for selection bias.

In a study with these characteristics there is also a poten-
tial for selection bias based on the selected outcomes. Patients
with better outcomes could be more prone to participate and,
thus, affect the results toward better outcomes. Furthermore, in
a study assessing the diagnostic quality of PSG methodologies
it would be important to consider the effect of sleep position.
Although data on positional apnea are systematically collected
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in the center, because of the severity of AHI and the increased
weight, the number of patients with positional apnea was small
in both groups, preventing statistical analysis. Thus, we were
not able to consider these effects in the study. This study was
conducted in a private certified sleep reference center, locally
known to perform type I and II PSG, which may contribute to
some of our population characteristics, with high prevalence
of snorers and sleepy patients with median to high levels of
education, that could partially explain the good compliance.

In conclusion, Amb-PSG showed an OSA diagnostic ca-
pacity comparable to Lab-PSG as assessed in our primary
analysis. Technician training and patient education should be
emphasized to improve reliability and effectiveness of Amb-
PSG. Secondary analyses (diagnostic quality, clinical efficacy,
treatment compliance, and QoL) underline the value of Amb-
PSG as an emerging alternative to improve accessibility and to
tackle unmet Lab-PSG needs.

ABBREVIATIONS

AHI, apnea-hypopnea index

Amb-PSG, ambulatory polysomnography

BMI, body mass index

BP, blood pressure

CPAP, continuous positive airway pressure

ESS, Epworth Sleepiness Scale

Lab-PSG, attended laboratory polysomnography
OSA, obstructive sleep apnea

QoL, quality of life

RDI, respiratory disturbance index
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