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Use of PSG and HSAT for the longitudinal
management of adult OSA

❖ Not recommend for routine reassessment of asymptomatic 
patients with OSA on PAP therapy

• Can be used to reassess patients with recurrent or persistent 
symptoms, despite good PAP adherence

❖ Recommended to assess response to treatment with non-
PAP interventions

Caples SM.  J Clin Sleep Med 2021



Why: rationale for device download 

! Adherence monitoring
• Factor associated with adherence

• Perception of benefit from treatment 
(endpoint specific to OSA phenotype)

• Improvement in AHI
• Behavioral modification
• Managing side effect 

• Intensive education

• Good compliance definition
• CV outcome, ESS: ≥4hr/night on ≥ 70% 

of all days
• MSLT: 6hr and memory: ≥ 6hr/night 

• FOSQ: ≥ 7.5hr/night
Das AM. UpToDate

❖ Identify PAP efficacy

❖ Find clues for non-adherence
• Subjective / objective lack of 

benefit
• Poor habitual sleep pattern
• Side effect



Who and When: PAP data download

❖ Anyone who receive PAP

❖ Plan rollout when you prescribe CPAP

❖ Clinic visit interval
• USA: 6-12 month

• Japan: every 1-3 month

• NTUH: 1st, 3rd,6th, 12th month in first year, then 6-12 month

❖ Compliance in first 2-4 weeks are crucial 



What: CPAP parameters parameters look into

! Setting
• Mode, pressure, ramp, flex (EPR), 

rounding

! Time
• Date, period, time zone

! Habitual sleep pattern 

! Efficacy
• Pressure tracing
• Residual breathing event 

• AHI, AI, OI,CI, HI, NOI 
• Flow limitation
• RERA

! Adherence

! Leak
• Unintentional leak vs intentional 

leak



PAP Tracking: adherence, residual event, leak

Schwab RJ  Am J Respir Crit Care Med 2013

*Children: residual AHI<5/hr

compliance

Residual event

leak



Automatic event detection (AED) on CPAP

Schwab RJ  Am J Respir Crit Care Med 2013; Berry RB Sleep 2012

❖ AHI detection
• Underestimated for manual scored AHI>10/hr and overestimated for 

manual scored AHI<10/hr with the difference mainly in hypopnea

There are also possible medical/legal ramifications of CPAP
tracking systems. For instance, if a school bus driver is using
CPAP and has a motor vehicle accident, CPAP tracking data
could be examined during a legal proceeding. The bus driver’s
CPAP use the night before an accident could be examined as
well as CPAP use during the week before the motor vehicle
accident. The physician taking care of this bus driver could also
face medical/legal risk. If the bus driver’s CPAP use was not
ideal, if there was a high residual AHI or a large CPAP mask
leak, it could be argued that the physician should have acted on
these data. However, in such a scenario it is not clear how much
CPAP use is enough or what level of residual AHI matters.

METRICS TO DETERMINE CPAP EFFECTIVENESS

Although there are important concerns with CPAP tracking sys-
tems, third-party payers are mandating the use of CPAP adher-
ence tracking systems to objectively document therapeutic use to
reimburse CPAP. The Centers for Medicare and Medicaid Ser-
vices (CMS) have developed specific guidelines on CPAP (or
bilevel) reimbursement. Initial CPAP reimbursement is limited

to 12 weeks (67). Continued coverage of a CPAP device beyond
the first 3 months of therapy requires that, no sooner than Day
31 but no later than Day 91 after initiating therapy, the treating
physician must conduct a clinical reevaluation and document
that the patient is benefiting from CPAP therapy. Clinical ben-
efit is demonstrated by a face-to-face clinical reevaluation by
the treating provider with documentation that symptoms of
OSA are improved with objective evidence of CPAP adherence.
Adherence is defined as use of CPAP for at least 4 hours/night on
70% of nights during a consecutive 30-day period any time during
the first 3 months of initial usage. However, there is insufficient
evidence to support this definition of CPAP adherence as a thresh-
old for improved neurocognitive and cardiovascular outcomes. As
described previously, there is a dose–response relationship between
amount of nightly CPAP use and clinical outcomes (23–25). These
data indicate that even subjects who use CPAP for only 2 hours
show improvement in measures of some outcomes (ESS, FOSQ,
MSLT). Moreover, several studies (some randomized controlled
trials) have shown improvements in daytime sleepiness, functional
outcomes, cognitive function, and blood pressure in patients treated
with CPAP for less than 4 hours/night, 70% of the nights (23, 44,

TABLE 2. EVENT DETECTION ALGORITHMS

Manufacturer Apnea Event Detection Hypopnea Event Detection

ResMed unit (S9 model) Apnea is defined when the 2-s moving average root
mean square ventilation (based on
a pneumotachograph) falls below 25% of the
long-term ventilation for 10 s

Hypopnea is defined when all of the following
conditions are met:

1. The 12-s moving average root mean square
ventilation falls below 50% of the long-term
ventilation

2. The hypopnea is not immediately followed by an
apnea

3. The hypopnea contains one or more partially
obstructed breaths

Phillips Respironics unit (System One model) Apnea is detected after a moving window of 3-4 min
is established and flow decreases by more than 80%
for at least 10 s

Hypopnea is detected when moving window of 3-4
min is established and flow decreases by 40–80% for
at least 10 s

DeVilbiss Healthcare IntelliPAP unit (SmartCode
remote data retrieval system)

A reduction in a flow signal of .90% of the baseline
flow for 10 s

A reduction in a flow signal of .50% of the baseline
flow for 10 s

Fisher & Paykel InfoSmart software .80% reduction in flow relative to a baseline
determined from previous breaths

.40% reduction in flow relative to a baseline
determined from previous breaths

Figure 1. Clinical algorithm for using continu-
ous positive airway pressure adherence tracking
systems.
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CPAP mask leak measurement

❖ Total leak= unintentional leak+ intentional leak

67–69). TheCMS criteria assume that CPAP treatment has a thresh-
old effect and therefore do not address whether outcomes may have
a linear response with much lower levels of CPAP use (23). The
CMS requirements also mandate an in-laboratory polysomnogram
if CPAP was prescribed on the basis of portable monitoring and the
patient subsequently fails the 90-day use criteria. The validity of this
requirement is unclear, especially in the patient whose portable
study demonstrates unequivocal severe OSA.

What specific clinical outcomes independent of the data
from CPAP tracking systems should be measured to ascertain
a salutary response to CPAP? Such outcomes could include
(1) subjective daytime sleepiness (ESS [it should be noted, how-
ever, that the ESS is highly variable when administered sequen-
tially to a clinical OSA population (70)], etc.); (2) objective
daytime sleepiness (PVT [Psychomotor Vigilance Test], MSLT,
MWT [Maintenance of Wakefulness Test]); (3) self-reported
improvement in the presenting symptom (i.e., nocturia, head-
ache, sleep fragmentation, insomnia); (4) blood pressure; (5)
cardiovascular outcomes (MI, hypertension, cardiovascular acci-
dent, heart failure, arrhythmias, improved insulin resistance or
diabetic control); (6) cognitive functioning (memory, neurocogni-
tive testing); (7) quality of life (FOSQ, SF [Short Form Health
Survey] 36, Calgary Sleep Apnea Specific Quality of Life Instru-
ment [SAQLI] [71, 72], depression scales); (8) sexual function; (9)
spousal outcomes; and (10) MVAs. It is likely that specific out-
comes (e.g., cardiovascular vs. cognitive) in various populations
(e.g., old vs. young, etc.) will be dependent on a range of CPAP
durations.

We believe optimal clinical practices (largely based on clinical
experience) for chronically managing CPAP in patients with
OSA should include the following:

d We encourage patients to use CPAP whenever they are
asleep (during the day or night).

d We consider patients adherent if they regularly use CPAP
for more than 4 h/night or if they use CPAP for more than
2 h/night and are making progress toward improved daytime
sleepiness as measured by the ESS, subjective improvement
in quality of life, or improvement of other OSA-associated
health impairments (e.g., diabetes, hypertension). This reflects
our belief that partial use is better than no use, although our
goal is always to achieve full-time CPAP use during sleep.

d We assess these outcomes soon after the initiation of CPAP
therapy, because data demonstrate that CPAP adherence
is typically established early in the course of treatment,

perhaps as early as the first 3–7 days (73–80). We measure
the outcomes after 1 week, 4–6 weeks, 12 weeks, 6 months,
1 year after the initiation of CPAP, and then monitor them
yearly thereafter.

Regardless of the specific time frame these outcomes need to be
measured longitudinally becauseOSA should be viewed and treated
as a chronic disease. Addressing CPAP intolerance early may im-
prove CPAP adherence, whereas waiting for the requisite minimum
30 days may allow entrenched problems to result in abandonment
of, or suboptimal adherence to, CPAP. The current 31- to 90-day
requirement for documentation of CPAP adherence is arbitrary
and not supported by evidence. The committee members prefer
to document CPAP adherence earlier (i.e., 7–90 d) because there
is evidence that addressing CPAP intolerance early may improve
long-term adherence (81–83). Moreover, CPAP adherence needs to
be monitored long term (for as long as the patient is using CPAP).

Finally, there are potentially ethical issues associated with the
use of CPAP adherence monitoring systems as a requirement for
Medicare payment. CPAP adherence has been shown to be re-
lated to socioeconomic class, marital status, race, and psychiatric
disease (84–86). These patients may have a difficult time achiev-
ing the Medicare adherence patterns and thus certain segments
of the population are potentially targets of government-
mandated reimbursement discrimination (87, 88).

FUTURE DIRECTIONS: RESEARCH STRATEGIES NEEDED
TO ADDRESS CPAP TRACKING AND OUTCOMES

There are many unanswered research questions involving CPAP
tracking systems. First, does tracking CPAP adherence improve
clinical outcomes associated with OSA, and if so, which specific
outcomes? It is important to perform studies examining the val-
idity, reliability, and usefulness of CPAP tracking event de-
tection (flow signals) and mask leak data. It would also be
important to study which CPAP adherence system is most accu-
rate. Studies need to determine the clinically significant leak
threshold and whether mask leak decreases CPAP adherence.
Finally, it is important to determine the usefulness of measuring
additional signals, such as vibratory snoring, periodic breathing
(Cheyne-Stokes pattern), RERA (respiratory effort–related
arousal), flow limitation, and clear airway apnea (central sleep
apnea). The validity of these signals has yet to be determined.
Studies need to be performed that evaluate whether the use of
these data can improve CPAP adherence. Other potentially
helpful signals would include heart rate variability (ECG), oxi-
metry (which would allow the event detection algorithms to
more closely reflect the standard scoring criteria on polysomno-
grams for hypopneas), body and neck position, actigraphy,
quantification of snoring, blood pressure, quantification of peri-
odic limb movements, and a measure of sleep architecture.

The second critical issue is to develop standard definitions of
events across different systems (i.e., apnea, hypopnea, flow limitation,
AHI, and leak parameters). For example, CPAPdownloads typically
report residual “AHI,” which is confusing both to providers and to
patients. Because hypopnea scoring, when adhering to a widely ac-
cepted standard, requires either oxygen desaturation or arousal to
be scored (89), these reports may be misleading because this
“AHI” is only based on a reduction in airflow. We believe that
the terminology for residual AHI assessment should be standard-
ized, and suggest that it be reported as residual AHIFlow. Moreover,
studies need to determine a minimum threshold for clinically mean-
ingful residual AHIFlow based on outcome data. Similarly, mask leak
may impair CPAP effectiveness, but its measurement and reporting
terminology are inconsistent. For example, typical CPAP downloads
may report “average leak,” “large leak,” and other information, but

TABLE 3. CONTINUOUS POSITIVE AIRWAY PRESSURE MASK
LEAK MEASUREMENTS

CPAP
Manufacturer How Leak Is Measured Large Leak Threshold

Phillips
Respironics

Intentional leak subtracted from
total flow

Leak condition where the
leak level exceeds a preset
“flow vs. pressure” curve
(the averaged leak through
all mask exhalation ports at
various pressure)

ResMed Unintentional leak (device
flow-intentional leak) 1
mouth leak

95th percentile leak (,24
L/min with nasal interface
and ,36 L/min with full
face interface)

Fisher & Paykel Total leak, including mask and
exhaust flow from mask

A leak value of .60 L/min

DeVilbiss
Healthcare
IntelliPAP

Records high leak flow time as
a percentage of the time the
leak was above 95 L/min

A leak value of .95 L/min

Definition of abbreviation: CPAP ¼ continuous positive airway pressure.
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Philips Dreamstation CPAP-Usage pattern



Philips Dreamstation CPAP-Summary Graphs



Philips Dreamstation CPAP-Daily detail



Philips Dreamstation CPAP-Setting & Statistics

Setting and period

compliance

Pressure and event



Philips Dreamstation BPAP-Summary Graphs

• Setting
• Mode, IPAP/EPAP, rising time, ramp

• Flex, EPR, rounding

• Ventilation
TV, RR, MV
Patient trigger



Manufacture comparison - Pressure

單位 Devibliss F&P Philips ResMed SEFAM
95th percentile pressure cmH2O V V

90th percentile pressure cmH2O V V V V
Median pressure cmH2O V

Mean pressure cmH2O V V V V



Manufacture comparison - Compliance

單位 devibliss F&P Philips ResMed SEFAM
Average usage (total days) hr/night V V V V V

Average usage (days used) hr/night V V V V

Usage days >= 4hrs % V V V V V
Days used at least 4 hours day V

Days with any usage day V
Median usage (days used) hr/night V

total used hours hr V V V V



Manufacture comparison - Leak

單位 Devibliss F&P Philips ResMed SEFAM
Large leak threshold > 95L/min > 60L/min > 1hr N > 24 L/min;

ON>36L/min
> 48 L/min

95th percentile leaks L/min V V 

90th percentile leaks L/min V V V

Time in large leak ___min__secs V V V



How: Accessing device data 

❖ CPAP device and cable
• APEX

❖ Smart card

❖ Modem device
• Philips-Respironic

❖ Wireless transmission
• 4G (ResMed AirView, SEFAMconnect)
• Wi-Fi (Fisher& Pack Infosmart)
• Bluetooth connected to mobile App



CPAP treatment: patient participation

! Web-based access to CPAP data to improve compliance

! CPAP blue tooth transmission plus cloud based access 
(ResMed: AirView, Philips Respironics: EncoreAnywhere)

than 2 (i.e., not even in the suggestive range
for linkage) (74). Candidate gene studies
have largely not been replicated and have
been massively underpowered (75).

The only candidate variant where there
has been a positive metaanalysis is tumor
necrosis factor-a–308 single nucleotide
polymorphism (SNP) (75). This is likely,
however, not to be part of a risk pathway
for OSA. Rather, it may determine the
degree of sleepiness and hence who
presents clinically. Children with this SNP
who have OSA are much sleepier than
children with OSA who do not have this
SNP or control subjects (76).

There is also a study based on
specialized SNP chips that included variants
for heart, lung, and blood disease and sleep
disorders (77). There was one SNP
associated with magnitude of AHI in
African Americans (77). This was
replicated in another sample of African
Americans, and there was a trend to
significance in another sample of white
individuals. The SNP was in the LPAR1
gene (lysophosphatidic acid receptor).
Mice with a knockout of this gene
have craniofacial abnormalities (78).
Interestingly, the association with AHI
in African Americans was stronger in

less obese subjects, suggesting that it
might be a gene affecting the relevant
craniofacial dimensions. Mice with a
knockout for this gene also have less fat (78).
A genome-wide association study is
the next logical step (79). A recent
genome-wide association study has been
reported in Hispanic subjects (80). Two
loci were identified one that had a
genome-wide significant association with
AHI and one with respiratory event
duration in the initial discovery analysis
(80). There was, however, no replication
in other cohorts.

Given the heterogeneity of the
pathways to disease, each with likely
many gene variants, an alternative
approach could be assessing gene variants
determining intermediate traits for the
disorder. Different pathways may
include the following: craniofacial
dimensions (see above), tongue fat
(see above), and hypoxic ventilatory
response. The magnitude of the hypoxic
response affects overall loop gain (44, 81),
with ventilatory responses being heritable
in humans (82, 83) and in mice (84).
A specific region in the mouse genome
determining the hypoxia ventilatory
response has been identified (85).

Patient Participation:
The Fourth P

The final P in P4 medicine is participatory.
There is likely no field of medicine as well
suited to this approach as management of
the chronic disorder OSA. Modern CPAP
machines have Bluetooth capabilities, so staff
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Figure 13. Changes in circulatory intracellular adhesion molecule (ICAM) in patients 2 years after
being prescribed continuous positive airway pressure (CPAP) therapy. Data are shown for subjects
with body mass index (BMI), 30 kg/m2 (left side), those with BMI between 30 and 35 kg/m2 (center),
and those with BMI. 35 kg/m2 (right side). The effect of CPAP therapy on ICAM is seen only in the
most obese subjects. † P, 0.05. LS = least squares. Data from Reference 65.
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Figure 14. Mean daily use of continuous positive airway pressure (CPAP; left side) and percentage of subjects using CPAP (right side) in first 7 days
after initiating therapy in three groups of subjects. Those with usual care (red dashed line), those given access to their own adherence data (Web only;
blue solid line), and those with not only Web access but also a financial incentive (FI; green dashed line). Giving patients access to their compliance
data improves CPAP compliance. Providing a financial incentive has no additional benefit. Reprinted by permission from Reference 86.
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Trouble shooting

❖ Inadequate effectiveness
• CPAP FU questionnaire
• Blood pressure monitoring

❖ Side effect
• Dry throat
• Condensation
• Skin irritation 

❖ Inadequate compliance
• Correct habitual sleep pattern
• Provide tips for enhance convenience
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SEFAM S.BOX-Summary
Cloud↓

usage



SEFAM S.BOX-Detail

Cloud↓



RESMED Airsense10-Setting&Statistics

Cloud↓Smart card↓



RESMED Airsense10-Summary Graphs
Cloud↓Smart card↓

usage



F&P sleep style-Setting & Statistics
Smart card↓ Cloud↓

Sense 
awake



F&P sleep style-Summary Graphs
Smart card↓ Cloud↓

pressure



F&P sleep style-summary
Smart card↓ Cloud↓



F&P sleep style-Detail
Smart card↓ Cloud↓

pressure



Devibiss CPAP-Setting & summary
Smart card↓

NOI




