Apnoscreen I are classified as negative, or k=0.68 if the uncertain cases are classified as
positive for OSAHS). Similarly, Westbrook 2005 found k=0.77 using the same threshold
in facility-based PSG.'”’

Type IV monitors that record one or two bioparameters (channels)

None of the eligible studies (Table 12) reported difference versus average analyses
(or provided sufficiently clear graphs to allow digitizing).

Pang 2006 did not find evidence for agreement between individual measurements
with the SleepStrip portable monitor and facility-based PSG (k=0.14).

The study by Wiltshire 2001 primarily compared the number of dips in O, saturation
per hour in bed between the portable oximeter (data storage every 12 seconds) and the
oximeter used in the facility-based PSG (data storage every 2 seconds).** They did not
contrast patient classification with the oximeter versus all the information obtained by
facility-based PSG, and thus do not contribute to any analyses.

Findings of studies in the home setting—predicting AHI suggestive of OSAHS

Ten studies®” !0 1061 LIS 22124127 5 g ge55ed the ability of type IV monitors in the
home setting to predict AHI in facility-based PSG that was considered suggestive of
OSAHS. An AHI cutoffs of 15 events/hour of sleep was used as suggestive of OSAHS in
six studies,”*! 103118122123 10 events/hour of sleep in five studies'®'' 12124127 and 20
events/hour of sleep in two. 123.12% Other cutoffs (5, 25, 30 or 40 events/hour) were also
used in some of these studies.

Type IV monitors that record three or more bioparameters (channels)

Table 11 summarizes the characteristics studies that used monitors classified as type
IV, although they record more than two channels (Refer to Terminology and Definitions
and to Section A3 for more details). Five studies had relevant data.”*'%!'""1%3127 Jsing a
cutoff of 15 events/hour of sleep in facility-based PSG, one out of three studies (Pittman
2004°%) had very high positive likelihood ratio and very low negative likelihood ratio
(Figure 19). Using a cutoff of 10 events/hour, two out of three studies were near the
region that implies low negative likelihood ratios.'*'*” Schafer 1997 '* assessed the
cutoff of 20 events/hour of sleep as well, finding a sensitivity of 68% and a specificity of
74%.

Type IV monitors that record one or two bioparameters (channels)

Table 12 summarizes the characteristics of the five studies that used oximeters or
monitors recording only two channels (Refer to Terminology and Definitions and to
Section A3 for more details).®!-106-118:122:124

Using a cutoff of 15 events/hour of sleep in facility-based PSG, none of the three
studies with available data fall into the regions that defines both high positive and low
negative likelihood ratios (Figure 19). Ryan 1995 and at least one cutoff in the Baltzan
2000 study had high positive likelihood ratios, but their sensitivity was well below 40%.
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Two studies reported relevant data using a cutoff of 10 events/hour, namely
Bonsignore 1990 ' and Series 1993 '** (Figure 20). For this cutoff, the first had a high
positive likelihood ratio and the second had a low negative likelihood ratio.

Series 1993 '** assessed the cutoff of 20 events/hour of sleep as well, finding a
sensitivity of 100% and a specificity of 61%.

Figure 19. Diagnostic ability of type IV monitors in the home setting to identify AHI>15 events/hour in
laboratory-based polysomnography.
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Studies lying on the left shaded area have a positive likelihood ratio of 10 or more. Studies lying on the top
shaded are have a negative likelihood ratio of 0.1 or less. Studies lying on the intersection of the grey areas
(darker grey polygon) have both LR+>10 and LR-<0.1. The line connects points representing different
thresholds for the portable monitor from a single study.

Note that for Baltzan both the automated scoring and the manual scoring data are depicted.

Figure 20. Diagnostic ability of type IV monitors in the home setting to identify AHI>10 events/hour in
laboratory-based polysomnography.
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Studies lying on the left shaded area have a positive likelihood ratio of 10 or more. Studies lying on the top
shaded are have a negative likelihood ratio of 0.1 or less. Studies lying on the intersection of the grey areas
(darker grey polygon) have both LR+>10 and LR-<0.1.
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More on type IV monitors in specialized sleep units

We identified 38 studies that were conducted in specialized sleep centers using
monitors that were classified as type [V, 26-304258.59.80-84,103-105,107-110,112-117,119-121,125-127.129-
3% Table 13 summarizes the characteristics from 15 studies with monitors that record at
least three channels. These would be “unclassified” under the original ASDA criteria (for
a relevant discussion see “Terminology and Definitions’ and Section A3 of this
technology assessment). Table 14 summarizes the characteristics of the remaining
studies (assessing monitors that record only one or two bioparameters).

Across all studies, the average participant age was 50 years on median (interquartile
range: 46, 52). The median number of analyzed subjects was 63 (interquartile range: 34,
140). Over 60% of the participants were males in the studies that reported gender
distributions (Table 13). Participants were referral cases to sleep laboratories or
specialized sleep centers, with the exception of the Gurubhagavatula 2004 2 study,
which took sample from people with clinical suspicion of OSAHS from the general
population.

Only seven papers clearly reported that the sleep monitor was attended by a
technologist.’****''° In one study,'?” the oximeter was attended by nursing staff but in
an inconsistent manner (and thus it was classified as unattended). It is likely that the
technologist affixed the portable monitor’s probes in the majority of the studies. A
technologist was clearly reported to had affixed the probes in eleven papers (Table 13
and Table 14), and in Wiltshire 2001 the study participants did so.
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Table 13. Description of studies comparing type IV monitors (recording three or more bioparameters) with facility-based polysomnography in

specialized sleep units.

Author, Parti- Ne Mea Mean Male Mea Respiratory event Portable
Year cipants (Na) n AHI (%) n definition for facility- .
Country age (Range) BMI  based PSG Name scoring: . At Hook >
V) (kgl Definition of respiratory -up 5
m?) events or other 8’
description
Westbrook,  Referrals 299 48 27 62 ND “Standard criteria” ARES Auto: ND ND A
2005 to sleep (284) (1, 118) [Sa0y; 18a0,>2.2% or
USA center head 18a0,<2.2% with TSa0,
position; at 2.2% with arousal
snoring] (based on activity)®
Pillar, 2003  Referrals 68 46 34 79 28.0 “Standard criteria” Watch Pat  Auto: Yes ND B
Israel to sleep (68) (1, 118) 100 NA [Attenuation of PAT
center [Sa0y; signal amplitude, short
HR; PAT; movements]
acti]
Ayas, 2003  Suspe- 30 47 23 63 31.0  Apnea: No airflow (therm) Watch Pat  Auto: ND ND B
us cted (30) (1-94) Hypopnea: JAirflow (therm) 100 One of three:
OSAHS >50% or Jairflow <50% [Sa0y; J{PAT amplitude with
with $Sa0, >3% or HR; PAT;  acceleration in HR or T
arousal acti] wrist activity
JPAT amplitude with
1Sa0; >3% (<4%)
1Sa0; >4%
Pittman, Referrals 30 43 32 72 30.9  Apnea: No airflow (therm) Watch Pat  Auto: ND ND B
2004 to sleep (29) (7, 82)° Hypopnea: JAirflow (therm) 100 One of three:
USA lab >50% or Lairflow <50% [SaOy; JPAT amplitude with
with 1Sa0, >3% or HR; PAT;  acceleration in HR or T
arousal acti] wrist activity
JPAT amplitude with
1Sa0; >3% (<4%)
i«3602 >4%
Bar, 2003 Referrals 102 41 26 76 26.8  Apnea/hypopnea: JAirflow Watch Pat  Auto: No ND C
Israel to sleep (99) (2, 94)° (therm) >50% or lairflow 100 [PAT signal amplitude,
center; discernible with less [Sa0y; heart rate, and oxygen
healthy reduction with arousal or HR; PAT; saturation; sleep/wake
18a0,>3% acti] detected by wrist
actigraphy]
Penzel, Referrals 21 ND 15 ND ND  Apnea: No airflow (therm) Watch Pat  Auto: ND Tech C
2004 to sleep (17) (0, 84)° Hypopnea: {Effort (Th/AB) 100 {PAT >40% with HR
Germany lab >50% [Sa0y; changes (no Sa0y)
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Author, Parti- Ne Mea Mean Male Mea Respiratory event Portable
Year cipants (Na) n AHI (%) n definition for facility- L
Country age (Range) BMI  based PSG Name scoring: . At Hook >
V) (kg/ Definition of respiratory -up =
m?) events or other 3
description
HR; PAT;
acti]
Michaelson, Referrals 59 40 15 83 26.6  Apnea: No airflow (therm) SNAP Auto + manual edit: ND ND B
2006 to sleep (59) (1, 80)°>° Hypopnea: LAirflow (therm)  [SaOy; Apnea: No sound
USA lab >50% or Jairflow <50% airflow; Hypopnea: 4>75% sound
with 4Sa0; >3% or snoring; amplitude with
arousal no other 1Sa0,24%
SNAP
channel]
Esnaola, Referrals 152 57 27 89 29.8  Apnea: No airflow (therm) Mesam IV Auto: ND ND B
1996 to sleep (150) (ND) Hypopnea: LAirflow (therm)  [SaOy; NA [ODI; snoring index;
Spain center discernible with 4Sa0, HR; body HR variation index]
>4% or arousal position; Manual:
snoring] THR>10%, 4Sa0,>4%,
and 3 snores separated by
10-120s
Koziej, Referrals 56 47 37 91 ND  Apnea: No airflow (therm) Mesam IV Auto: ND Tech C
1994 to sleep (56) (0, 118) Hypopnea: JEffort [SaOy; NA [ODI; snoring index;
Poland lab (Th/AB)>50% HR; body HR variation index]
position; Manual:
snoring] ND
Stoohs, Patients 56 47 ND 82 27.0 “Standard criteria” Mesam IV Auto: ND Tech C
1992 from (56) [Sa0y; 18a0,>3%
USA sleep HR; body
clinic position;
snoring]
Rauscher, Unclear 53 50 19 ND ND  Apnea: No airflow (therm) Mesam Auto: ND ND C
1991 (53) (1, 88) Hypopnea: {Effort (Th/AB) [Sa0y; [Various indices: periods
Austria >50% with 4Sa0,>2% (if EOG; of constant HR between
baseline absolute >94%)  snoring] 11-60s; snoring periods
or {Sa0,22% (if baseline between 11-60s; {SaOy;
absolute <94%) rapid TSa0;]
Guylay, Known 14 ND 44 100 27.9  Apnea: tidal volume<1/3 of Vitalog Manual: ND ND B
1987 OSAHS (12) (3,79) resting for >15s PMS-8 Apnea: tidal volume<1/3 of
Switzerland Hypopnea: tidal volume [Sa0,; resting for >15s
between 1/3 and 2/3 of acti; Hypopnea: tidal volume
resting for >15s induct between 1/3 and 2/3 of
pleth]
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Author, Parti- Ne Mea Mean Male Mea  Respiratory event Portable
Year cipants (Na) n AHI (%) n definition for facility- .
Country age (Range) BMI  based PSG Name scoring: . At Hook >
) (kg/ Definition of respiratory -up =
m?) events or other 3
description
resting for >15s
Issa, 1993 Referrals 129 48 ND 78 30.9 Apnea: No airflow (therm) SnoreSat  Auto: ND Tech B
Canada to sleep (129) Hypopnea: JEffort [Sa0y; 18a0,>3% and amplitude
center (Th/AB)>50% with snoring] of snoring®
18a0,>3% Manual:
18a0,>3%
van Surell, Referrals 50 52 22 98 27.0  Apnea: No airflow (therm) CID 102 Auto: ND Tech B
1995 to sleep (50) (0, 74)° Hypopneas: {Airflow [Sa0y; Apnea: tracheal silence
France lab (therm) >50% with EEG body Hypopneas: short tracheal
arousal position; silence (for >7s & <10s)
tracheal with cyclic {Sa0>4% and
sound] 1Sa0, within 50s
Overland, Referrals 53 ND 23 ND ND  Apnea: No airflow (therm) Reggie Auto: ND ND C
2005 to sleep (53) (1-119) Hypopnea: JAirflow (therm)  [SaOy; [Default settings]
Norway center >50% or Jairflow <50% airflow; Manual:
with $Sa0, >3% or Pesoph; Apnea: No airflow (therm)
arousal or TPesopn acti] Hypopnea: JAirflow

(therm) >50% or Jairflow
<50% with 1Sa0, >3% or

TPesoph

Acti: actigraphy (wrist); Att: attended; Auto: automated scoring; AHI: apnea-hypopnea index in events/hour of sleep; d: days; EEG: electroencephalogram; HR:

heart rate; induct pleth: inductance plethysmography; NA: Not applicable; Na/Ng: Number analyzed/enrolled; ND: not described; ODI: O, desaturation index;
OSAHS: Obstructive sleep apnea-hypopnea syndrome; PAT: peripheral arterial tonometry; Pesopn: €sophageal pressure; PSG: polysomnography; s: seconds;
Tech: technologist; Th/AB belts: thoracoabdominal belts; therm: Thermistors used in airflow estimation; wk: weeks; y: year(s).

Respiratory events across all studies were of at least 10 seconds duration unless otherwise noted. Studies ordered by monitor used, quality and sample size.

@ Evaluation of the duration and the degree of desaturations and their trends using a complex algorithm.

® Assessed with the Chicago criteria.

¢ Data obtained from digitized graph.

d Events: 1Sa0,>3% (compared to 15% of Sa0, over a 5 minute sliding window) with a snore 5s before or 15s after. Snores defined as consecutive snores within
1(?to 120 s; solitary snores do not qualify.
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Table 14. Description of studies comparing type IV monitors (recording one or two bioparameters) with facility-based polysomnography in specialized

sleep units.
Author, Parti- Ne Mea Mean Mal Mea Respiratory event Portable
Year cipants Na n AHI e n definition for facility- .
Country P e age (Range) (%) BMI based PSG g Name Scoring: . At Hook >
V) (kgl Definition of respiratory -up 5
m?) events or other 8‘
description
Mayer, Referrals 95 53 43 83 30.7  Hypopnea: {Airflow (therm) Autoset  Auto: No Tech B
1998 to sleep (95) (1, 147)? >50% with arousal or [Sa0y; Apnea/Hypopnea: VAirflow
France lab drop in Sa0,>4% airflow] (cannula) >50%
Gugger, Referrals 67 51 26 87 31.0 Apnea: {No airflow (therm) Autoset  Auto: Yes Tech B
1997 (67) (0, 96)° Hypopnea: JAirflow (therm) [Sa0z  Apnea: JAirflow (cannula)
Switzerland >50% airflow] >75%
Apnea/Hypopnea: VAirflow
(cannula) >50%
Bagnato, Suspe- 63 45 38 80 31.3  Apnea: JAirflow (therm) Autoset  Auto: Yes Tech B
2000 cted (56) (ND) >80% [SaOy; Apnea/Hypopnea: VAirflow
Brazil OSAHS Hypopnea: JAirflow (therm) airflow] (therm) >50%
discernible with {Sa0,
>4% or arousal
Kiely, 1996  ND 41 44 19 75 28.0  Apnea: JAirflow (therm) Autoset  Auto: Yes Tech B
Ireland (36) (ND) >80% [Sa0y; Apnea: JAirflow (cannula)
Hypopnea: JAirflow (therm) airflow] >75%
>50% Apnea/Hypopnea: VAirflow
(cannula) >50%
Fleury, ND 44 52 ND 77 28.5 Apnea: No airflow (therm) Autoset Auto: ND ND C
1996 (38) [Sa0y; ND (defaults?)°
France airflow]
Bradley, ND 31 46 20 84 30.0 “Standard criteria” Autoset Auto: ND ND C
1995 (31) (2,81)7° [SaOz;  Apnea/Hypopnea: JAirflow
England airflow] (cannula) >50%
Gugger, ND 27 51 ND 85 29.0 “Standard criteria” Autoset Auto:°® ND ND C
1995 (277) [Sa0y; Apnea: No airflow
Switzerland airflow] (cannula)
Rees, 1998  Referrals 20 48 39 100 31.0 Apnea: No airflow (therm) Autoset  Auto: ND ND C
UK to sleep (20) (8-114) Hypopnea: {Effort (Th/AB) [SaOz;  Apnea: JAirflow (cannula)
lab >50% airflow] >75%
Apnea/Hypopnea: VAirflow
(cannula) >50%
Baltzan, Referrals 108 52 18 74 284  Apnea: lAirflow (therm) OxiFlow Auto: Yes Tech C
2000 to sleep (86) (ND) >90% [SaOy; Apnea: No airflow (therm)
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Author, Parti- Ne Mea Mean Mal Mea Respiratory event Portable
Year cipants (Na) n AHI e n definition for facility- .
Country age (Range) (%) BMI based PSG Name Scoring: . At Hook >
) (kg/ Definition of respiratory -up =
m?) events or other =
description
Canada lab Hypopnea: JAirflow >50% airflow] Hypopnea: JAirflow
with 1Sa0,>4% (therm) >50% with |
360224%d
Manual:
NA [Repetitive transient
4Sa0, with rapid return to
baseline with HR and
airflow abnormalities]
Shochat, Suspe- 402 ND ND ND ND Apnea: No airflow (therm) Sleep- Auto: ND ND C
2002 cted (288) Hypopnea: {Effort (Th/AB) Strip ND°
Israel, OSAHS >50% with 1Sa02 >4% [Airflow]
Belgium,
Germany
Gurubha- Suspe- 406 44 ND 94 28.4  Apnea: No airflow (therm) Oximeter  Manual: ND ND B
gavatula, cted (406) Hypopnea: LAirflow (therm) 1Sa0,>3%
2004 OSAHS' >50% with $Sa0, >3% or
USA arousal
Levy, 1996 Referrals 301 56 30 ND 32.0 Apnea: No airflow (therm) Oximeter®  Auto: ND ND B
France to sleep (301) (ND) Hypopnea: JAirflow (therm) NA [§ index]
lab >50%
Zamarron, Referrals 314 57 40 78 29.5 Apnea: No airflow (therm) Oximeter"  Auto: ND ND B
2003 toasleep (300) (ND) Hypopnea: JAirflow (therm) NA [Peak in the
Spain clinic [discernible?] with periodogram between 30
1Sa0,>4% - and705]
Chiner, Referrals 275 51 42 89 30.0 Apnea: No airflow (therm) Oximeter'  Manual: ND ND B
1999 to sleep (275) (15-101) Hypopnea: JAirflow (therm) $8a0,>4% of previous
Spain center >50% or leffort (Th/AB) minute average
>50% or Jairflow >50%;
both with Sa0, >4% or
arousal
Zamarron, Referrals 240 57 40.1 80 30.4  Apnea: No airflow (therm) Oximeter"  Auto: ND ND B
1999 to sleep (233) (ND) Hypopnea: JAirflow (therm) NA [Peak in the
Spain clinic >50% with 1Sa0,>4% periodogram between 30
- and 70 g]
Adachi, Referral 33 49 32 90 ND  Apnea: No airflow (therm) Oximeter  Auto: ND ND C
2003 to sleep (31) Hypopnea: JAirflow (therm) NA [Algorithm estimating a
Japan unit >50% or Jairflow <50% pulse rate rise index]
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Author, Parti- Ne Mea Mean Mal Mea Respiratory event Portable
Year cipants (Na) n AHI e n definition for facility- .
Country age (Range) (%) BMI based PSG Name Scoring: . At Hook >
V) (kg/ Definition of respiratory -up =
m?) events or other =
description
with $Sa0, >3% or
arousal
Vazquez, Referrals 245 45 26 78 30.8  Apnea: No airflow (therm) Oximeter  Auto: Yes Tech C
2000 to sleep (241) (0-132) Hypopnea: 1Sa0; preceded by >3
Canada center (A) $S202>4% consecutive Sa0; (one of
(B) +Sa02>4% or them>4%)
arousal
Douglas, Referrals 220 50 ND 82 ND ND Oximeter Manual: Yes ND C
1992 to sleep (200) (0, 95)* 1Sa0; >4%
UK lab [Also 4Sa0,>2% or 3%)]
Alvarez, Referrals 187 58 40 79 29.5 Apnea: No airflow (therm) Oximeter"  Auto: ND ND C
2006 (187) (ND) Hypopnea: JAirflow (therm) NA [ index; CTM; Lempel
Spain discernible with {Sa0, Ziv complexity]
>4% .
Rauscher, Referrals 116 ND ND 82 ND  Apnea: No airflow (therm) Oximeter  Manual: ND ND C
1993 to sleep (116) Hypopnea: {Effort (Th/AB) NA [Patterns of cyclic
Austria lab >50% with 1Sa0,>2% (if oscillations in SaO, or in
baseline absolute >94%) HR for >30 min]
or $8a02,>2% (if baseline
absolute <94%)
Bradley, ND 31 46 20 84 30.0 “Standard criteria” Oximeter® Manual: ND ND C
1995 (31) (2, 81)?° NA [Visual categorization
England as definitely indicative of
OSAHS or not]
Cooper, Referrals 45 ND ND 63 ND ND Oximeter® Manual: No" ND C
1991 to sleep (41) NA [Repetitive $Sa0,>5%)]
UK™ center
Gugger, ND 27 51 ND 85 29.0 “Standard criteria” Oximeter  Auto: ND ND C
1995 (27?) Apnea: No airflow
Switzerland (cannula)
Pepin, 1991 ND 26 59 51 ND ND  Apnea: No airflow (therm) Oximeter?  Auto: ND ND C
USA (26) (ND) Hypopnea: tidal volume NA [ index]
<1/3 of previous breaths
Wiltshire, Referrals 100 ND 16 ND ND ND Oximetery Manual: No P C
2001 (16) (4, 111) [SaO, dips]
UK
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Att: attended; Auto: automated scoring; AHI: apnea-hypopnea index in events/hour of sleep; CTM: Central tendency measure; d: days; Na/Ng: Number
analyzed/enrolled; ND: not described; ODI: O, desaturation index; OSAHS: Obstructive sleep apnea-hypopnea syndrome; PSG: polysomnography; s: seconds;
Tech: technologist; Th/AB belts: thoracoabdominal belts; therm: Thermistors used in airflow estimation; wk: weeks; y: year(s)

Respiratory events across all studies were of at least 10 seconds duration unless otherwise noted. Studies ordered by monitor used, quality and sample size.
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Data obtained from digitized graph.

In the last 15 participants the Autoset measured combined apneas and hypopneas, not apneas only.

Instead of version 3.03 of the Autoset software that was used in the other studies, a prototype version of the software was used in this study.

Alternative sets of criteria which were analyzed (apparently for at least 10s duration): 25% in airflow with 44% SaO,; +20% in airflow with 14% Sa0,, 450% in
airflow with 42% SaO,; 125% in airflow with 12% SaO,.

Assessed with the Chicago criteria.

Using general population sampling and selection by interview.

Oximeter: Ohmeda Biox 3700 or 3740 or IIA.

Oximeter: Critical care 504.

Oximeter: Nellcor N-200.

Oximeter: Minolta Pulsox M24 or Pulsox 7.

Oximeter: Healthdyne 202-11.

CTM, (central tendency measure) counts how cases in the second order difference plot lie outside a circle with radius p; however, here p is derived from the
same set of patients (CMT is not independent validation, results may be largely upwardly biased). The Lempel-Ziv complexity measures the rate at which new
patterns arrive when a signal is evaluated (does not suffer from the CTM derivation/validation problem).

Oximetry performed during the first night, and facility-based PSG during the second night.

Nursing staff was overseeing the oximeter (portable), but not constantly.
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Four studies provided sensitivity and specificity pairs using manual scoring and a
cutoff of 15 events/hour of sleep in facility-based PSG.*"'"'%” (Figure 23). Figure 24
depicts the three studies that used automated scoring.*"''*!"> Using the cutoff of 15
events/hour, four out of six studies with either manual or automated scoring reported at
least one sensitivity and specificity pair that corresponds to high positive or low negative
likelihood ratios (no study had both high LR+ and low LR-).

Rausher 1991 '* had extractable sensitivity and specificity for using manual scoring
and a cutoff of 10 events/hour of sleep in facility-based PSG (Figure 25). Three
additional studies reported results for automated scoring with the same cutoff.***''° Two
out of four studies with either manual or automated scoring were in regions that
correspond to high positive or low negative likelihood ratios (none had both high LR+
and low LR-).

Figure 26 shows the two studies that used a cutoff of 20 events/hour in facility-based
PSG.

Figure 23. Diagnostic ability of type IV monitors (with at least 3 versus 1 or 2 channels) in specialized
sleep centers to identify AHI>15 events/hour in laboratory-based polysomnography. Studies using
manual scoring for the type IV monitor.

Sensitivity/specificity pairs from the same study (obtained with different cutoffs for the type IV monitor) are
connected with lines. These lines do not represent the ROC curves from the pertinent studies. Studies lying
on the left shaded area have a positive likelihood ratio of 10 or more. Studies lying on the top shaded are
have a negative likelihood ratio of 0.1 or less. Studies lying on the intersection of the grey areas (darker grey
polygon) have both LR+>10 and LR-<0.1. Baltzan (visual) used a binary classification of type IV recordings
as suggestive of OSAHS or not. Baltzan (manual) used a manual counting of the number of respiratory
events with the type IV monitor (Table 14).
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Figure 24. Diagnostic ability of type IV monitors (with at least 3 versus 1 or 2 channels) in specialized
sleep centers to identify AHI>15 events/hour in laboratory-based polysomnography. Studies using
automated scoring for the type IV monitor.
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Sensitivity/specificity pairs from the same study (obtained with different cutoffs for the type IV monitor) are
connected with lines. These lines do not represent the ROC curves from the pertinent studies. Studies lying
on the left shaded area have a positive likelihood ratio of 10 or more. Studies lying on the top shaded are
have a negative likelihood ratio of 0.1 or less. Studies lying on the intersection of the grey areas (darker grey

polygon) have both LR+>10 and LR-<0.1.

Figure 25. Diagnostic ability of type IV monitors (with at least 3 versus 1 or 2 channels) in specialized
sleep centers to identify AHI>10 events/hour in laboratory-based polysomnography. Studies using

manual scoring for the type IV monitor.
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Sensitivity/specificity pairs from the same study (obtained with different cutoffs for the type IV monitor) are
connected with lines. These lines do not represent the ROC curves from the pertinent studies. Studies lying
on the left shaded area have a positive likelihood ratio of 10 or more. Studies lying on the top shaded are
have a negative likelihood ratio of 0.1 or less. Studies lying on the intersection of the grey areas (darker grey
polygon) have both LR+>10 and LR-<0.1. Esnaola 1996 used two manual scoring methods. The one that
needed two and not three valid signals to characterize an event is shown.
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Figure 26. Diagnostic ability of type IV monitors (with at least 3 versus 1 or 2 channels) in specialized
sleep centers to identify AHI>10 events/hour in laboratory-based polysomnography. Studies using
automated scoring for the type IV monitor.
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Sensitivity/specificity pairs from the same study (obtained with different cutoffs for the type IV monitor) are
connected with lines. These lines do not represent the ROC curves from the pertinent studies. Studies lying
on the left shaded area have a positive likelihood ratio of 10 or more. Studies lying on the top shaded are
have a negative likelihood ratio of 0.1 or less. Studies lying on the intersection of the grey areas (darker grey
polygon) have both LR+>10 and LR-<0.1.
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Figure 27. Diagnostic ability of type IV monitors (with at least 3 versus 1 or 2 channels) in specialized
sleep centers to identify AHI>20 events/hour in laboratory-based polysomnography.

1 or 2 channels

At least 3 channels

100 1007
A%a.s
Olssa
80 80
O Gugger
£ 60 2 60-
= z
= =
2 8
o 40 @ 40
2] w P Douglas
20+ 20+
Esnaola (auto)
0 T T T T 1 0 T T T T 1
o] 20 40 60 80 100 0 20 40 60 80 100

100-Specificity, (%6)

® Manual scoring
© Automated scoring

100-Specificity, (%)

® Manual scoring
© Automated scoring

Sensitivity/specificity pairs from the same study (obtained with different cutoffs for the type IV monitor) are
connected with lines. These lines do not represent the ROC curves from the pertinent studies. Studies lying
on the left shaded area have a positive likelihood ratio of 10 or more. Studies lying on the top shaded are
have a negative likelihood ratio of 0.1 or less. Studies lying on the intersection of the grey areas (darker grey
polygon) have both LR+>10 and LR-<0.1.

Esnaola 1996 used two manual scoring methods. The one that needed two and not three valid signals to
characterize an event is shown.
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Synopsis for section B2

Difference versus average analyses suggest that substantial differences in the AHI
may be encountered between type II monitors and facility-based PSG, especially when
the studies are not performed simultaneously, but at different nights. Even larger
differences compared with facility-based PSG cannot be excluded for type III monitors;
and more so for type IV monitors. This was true both for manual and automated scoring.

Based on limited data, type II monitors may identify AHI suggestive of OSAHS with
high positive likelihood ratios and low negative likelihood ratios. Type III monitors may
have the ability to predict AHI suggestive of OSAHS with high positive likelihood ratios
and low negative likelihood ratios for various AHI cutoffs in laboratory-based PSG.
Studies of type IV monitors that record at least three bioparameters showed high positive
likelihood ratios and low negative likelihood ratios. Studies of type IV monitors that
record one or two bioparameters also had high positive likelihood ratios and low negative
likelihood ratios, at least for selected sensitivity and specificity pairs from ROC curve
analyses.

Overall, the ability of portable monitors to predict AHI with facility-based PSG
appears to be worse in studies conducted in the home setting compared to studies in the
specialized sleep laboratory. Between-night variability is a plausible explanation: in the
sleep-lab setting measurements are simultaneous, whereas in other settings (home,
hospital ward, outside the sleep lab) measurements are performed in different nights.

Interpretation

Apparent discrepancies between difference versus average analyses and sensitivity
and specificity analyses. The observation that the mean bias and 95% limits of
agreement cannot exclude substantial differences in the AHI between portable monitors
and facility-based PSG is not incompatible with the calculated high positive likelihood
ratios or low negative likelihood ratios.

In almost all studies where difference versus average analyses were undertaken, the
differences between portable monitors and facility-based PSG were more pronounced for
large AHI or RDI levels, and smaller for lower AHI or RDI levels. For this reason, the
mean bias and 95% limits of agreement do not describe the whole range of AHI or RDI
measurements. Therefore, the portable monitors may still be able to predict which people
would have AHI in PSG more than 15 events/hour (a relatively small value in the whole
range of AHI values that often range to over 100 events/hour). Furthermore, as discussed
in Section A1 and Section B1, the exact AHI values may not convey additional useful
information for people who have severe OSAHS (large AHI values).

Difference versus average analyses stress that the individual RDI or AHI values from
portable monitors and facility-based PSG are not interchangeable (especially for large
AHI or RDI levels).

The meaning of sensitivity, specificity, and related analyses. The analyzed studies
used measurements from facility-based PSG that were suggestive of OSAHS as a
reference standard. We note that the actual diagnosis of OSAHS is not set solely on the
basis of high AHI values (although several studies made such assumptions). Section Al
provides a discussion of why AHI, or other related indices from facility-based PSG, are
not an error-free reference standard for the diagnosis of OSAHS.
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Therefore, the sensitivity, specificity, and likelihood ratios of portable sleep monitors
refer only to their ability to predict AHI above a given cutoff in facility-based PSG.
Whether a strong association with a true diagnosis of OSAHS exists or not, is dependent
on several factors:

1.

The actual AHI cutoff that was used. It may be argued that a cutoff of 15
events/hour in facility-based PSG would be more suggestive of OSAHS compared
to a cutoff of 10 events/hour.

The presence of conditions that affect sleep quality and may not be equally
identified by facility-based PSG and some portable monitors.

a. People with cardiac insufficiency or atrial flutter may exhibit Cheyne-
Stokes breathing patterns (periodic apneas with a central component). The
same may be true for people with respiratory disorders (e.g., chronic
obstructive pulmonary disease, obesity hypoventilation syndrome) or sleep
disorders (e.g. narcolepsy). This may pose difficulties in the diagnosis of
OSAHS, especially with portable monitors that do not record effort
channels.

b. Periodic Limb Movements in Sleep (PLMS) are observed in the majority
of patients with the Restless Leg Syndrome (RLS).'** These are
involuntary clonic-type movements of the lower extremities while
sleeping that may result in multiple arousals and disrupt sleep.'*
Overnight oximetry (type IV monitor with one bioparameter) would not
easily differentiate PLMS from OSAHS. This may not be the case with
other monitors that record airflow information.

The prior probability of OSAHS. People who have been referred for sleep studies
because of suggestive symptoms are more likely to have OSAHS. Among them,
an AHI suggestive of OSAHS is strongly associated with a true diagnosis of
OSAHS. People with high prior probability of OSAHS would be:

a. Referrals from physicians familiar with OSAHS and its differential
diagnosis

b. People with symptoms or suggestive clinical profile (e.g., middle aged
males with high BMI)

Applicability to the Medicare population. Three caveats may be made:
First, the prior probability of OSAHS among Medicare beneficiaries may be lower
than the prior probability of OSHS among subjects analyzed in the included studies:

I.

The average age of the participants in the analyzed studies was recorded. The
median value was 50 to 52 years. Moreover, the majority of the subjects were
males and they had BMI above 25 kg/m”. Finally, in most studies subjects were
referred for PSG by sleep or respiratory physicians. On the other hand, Medicare
beneficiaries are older (=65 years), are not predominantly male, and may often
have comorbidities that affect sleep quality.

There is evidence that, in the elderly, obesity and daytime somnolence may not be
as strongly associated with OSAHS as in middle aged people.” In other words, a
high AHI or RDI value would not be as strongly associated with an actual
diagnosis of OSAHS.
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Second, facility-based PSG can differentiate OSAHS from other conditions that cause
sleep disturbances (such as PLMS/RLS, or conditions associated with mixed or central
apneas or hypopneas). The following caveats may be made:

1.

Conditions that are associated with sleep disturbances with a central component
(such as e.g., cardiac insufficiency) are prevalent among Medicare beneficiaries.
This may be true for respiratory conditions (chronic obstructive pulmonary
disease, obesity hypoventilation syndrome and other hypoventilatory syndromes)
as well as other sleep disorders like narcolepsy. This caveat probably pertains to
type III and type IV monitors.

Oximeters (and some monitors that do not assess airflow or effort) may not be
able to differentiate PLMS/RLS from OSAHS. The prevalence of RLS is
increased among older adults (up to 8% in people older than 60 years, compared
to approximately 5% in people who are in their forties)."”” Moreover, PLMS/RLS
is more common in women, "’ who were the minority in the studied populations.
This caveat pertains to some type IV monitors that assess one or two
bioparameters only.

Finally, in almost all eligible studies the investigators were associated with sleep
clinics and/or sleep laboratories. Study investigators are probably very familiar with the
diagnosis and treatment of sleep disorders (including ones other than OSAHS) even when
this is not clearly stated in the primary papers). One cannot necessarily extrapolate the
findings in these studies to circumstances where health care providers with less training
and experience might use the devices.
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