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Abstract

Background and Purpose——Continuous positive airway pressure (CPAP) for the treatment
of obstructive sleep apnea may improve stroke recovery, but adherence is poor. We assessed

the effectiveness of an intensive CPAP adherence program during and after inpatient stroke
rehabilitation on 3-month adherence and stroke recovery.

Methods——In a single-arm study, 90 stroke rehabilitation patients were enrolled into an
intensive CPAP adherence program. CPAP was continued after a run-in among qualifying patients
with evidence of obstructive sleep apnea. The primary outcome was CPAP adherence, defined as
>4 hours of use on =70% of days, over 3 months.

Results——A total of 62 patients qualified for continued CPAP and 52 of these were willing

to continue CPAP after discharge from rehabilitation. At 3 months, the average daily CPAP use
was 4.7 hours (SD 2.6), and 32/52 (62%) patients were adherent. Factors significantly associated
with adherence included more severe stroke, aphasia, and white race. Compared with nonadherent
patients, adherent patients experienced greater improvements in the cognitive component of the
Functional Independence Measure (P=0.02) and in the National Institutes of Health Stroke Scale
(P=0.03).

Conclusions——This intensive CPAP adherence program initiated during stroke rehabilitation
can lead to CPAP adherence in the majority of patients with evidence of obstructive sleep apnea,
including those with more severe stroke and aphasia, and may promote recovery.

Keywords
aphasia; apnea; continuous positive airway pressure; rehabilitation; sleep

Therapies to improve recovery after stroke are limited, especially in the subacute setting.
Obstructive sleep apnea (OSA), a common yet under-recognized risk factor for stroke, is
associated with worse functional outcome, longer hospitalization, and increased dependency
following stroke.! Continuous positive airway pressure (CPAP) may improve recovery after
stroke, though poor adherence limits efficacy and could explain the inconsistent results

seen in preliminary randomized trials of CPAP after stroke.2~* Effective interventions are
lacking that improve CPAP adherence after stroke. We, therefore, conducted a study in
stroke patients undergoing inpatient rehabilitation (IPR) to assess the effectiveness of a
multifaceted and intensive adherence program on 3-month CPAP adherence and measures of
stroke outcome.
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The data that support the findings of this study are available from the corresponding

author on request. The SCOUTS (Stroke and CPAP Outcome Study) was a single-arm,
open-label study performed at 2 IPR units of the University of Washington. For a summary
of inclusion and exclusion criteria, see Supplemental Table I in the online-only Data
Supplement. SCOUTS was approved by the University of Washington Human Subjects
Review Committee. Participants provided written informed consent.

Enrolled stroke patients trialed auto-adjusting CPAP (4-20 cm H,O; Dream Station, Philips
Respironics) over a 3-night run-in period during IPR. Devices were interrogated for nightly
usage, average pressure, and a residual apnea-hypopnea index (the respiratory events per
hour of sleep). At the end of the run-in period, evidence of OSA was determined based on
airflow resistance detected by the machine (Methods in the online-only Data Supplement).
Patients with evidence of OSA were eligible for CPAP treatment during IPR and after
discharge from IPR.

Nurses, respiratory therapists, sleep technologists, and clinical psychologists initiated

the SCOUTS intensive CPAP adherence protocol during IPR emphasizing early CPAP
tolerance, individual motivation (Table Il in the online-only Data Supplement) and support
throughout the treatment period. The primary end point was CPAP adherence over 90 days
from CPAP initiation, defined as =4 hours of use on =70% of days. Secondary efficacy end
points were changes in the motor and cognitive components of the Functional Independence
Measure (FIM) between admission and 3 to 4 months after discharge from IPR and in the
National Institutes of Health Stroke Scale (NIHSS) between enrollment and 90 days. For
details of the adherence program, efficacy end points, and statistical analyses, see Methods
in the online-only Data Supplement.

Between June 2016 and March 2018, 90 patients with stroke were enrolled. Over the 3-night
run-in period with auto-adjusting CPAP, 28 patients (31%) were excluded: 14 with CPAP
use <3 hours, 5 with no evidence of OSA, and 9 with evidence of central or complex sleep
apnea. Among the 62 patients (69%) with evidence of OSA, 52 (84%) chose to continue
CPAP on IPR discharge. At the end of the 90-day treatment period, average daily CPAP

use among these 52 patients was 4.7 hours (SD 2.6) with average use on 5.4 d/wk and

an average residual apnea-hypopnea index of 6.1 events/h. Over the 90 days, 32 patients
(62%) were adherent (Table 1). After controlling for baseline factors and IPR length of

stay, significant and independent predictors of 3-month adherence included NIHSS =5,
aphasia, and white race (Table 11 in the online-only Data Supplement). Among those with
3-month outcome measures, adherent patients had significantly greater improvements in

the cognitive FIM and NIHSS compared with nonadherent (Table 2; Figure). Descriptive
results based on dichotomizing these measures are provided in Table IV in the online-only
Data Supplement. In the adjusted analyses (Table 2), those who were adherent with CPAP
had an estimated 7.0-point (95% CI, 2.2-11.8) greater improvement over 3 months in the
cognitive component of the FIM and 1.6-point NIHSS score (95% CI, 0.2-3.1) improvement
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compared with those who were not adherent. With the adjustment, the cognitive FIM
differences were more significant, but the NIHSS differences were less significant (Table 2).
These changes in P values were driven mostly by imbalances in race and baseline stroke
severity. The change in motor FIM was not significant in either unadjusted or adjusted
analyses.

Discussion

This single-arm study of patients with stroke demonstrates that this intensive CPAP
adherence program initiated during IPR can facilitate CPAP adherence in the majority

of patients with evidence of OSA, including those with more severe stroke and aphasia.
Participants adherent to CPAP compared with those who were not improved more in
measures of cognitive recovery and stroke severity. Many prior randomized trials of CPAP
after stroke have investigated adherence only within the supportive IPR environment and for
a shorter treatment period.24 In one trial, CPAP during IPR improved aspects of cognition
after 4 weeks but not mobility, self-care skills, or NIHSS scores.2 The poor average CPAP
adherence of only 2.5 h/night in that study may have been insufficient to yield benefit.
Assuming a dose-response relationship, the number of hours of CPAP use to achieve stroke
recovery may need to be higher, especially given that CPAP may be more beneficial later
in the night during rapid eye movement sleep when apneic events and hypoxemia are often
most severe. In another IPR trial with average daily adherence of nearly 5 hours, CPAP use
over 4 weeks improved both neurological and functional recovery, though more in motor
than cognitive function.* However, patients with more severe aphasia were excluded from
this study. CPAP use of >6 hours nightly in the adherent group of our study is comparable to
a study of patients with ischemic stroke enrolled within the hospital and treated with CPAP
over 24 months, where average daily adherence was 5.3 hours.3 In this trial, stroke severity
and functional recovery improved at 1 month in patients treated with CPAP compared with
controls but not at 3, 12, or 24 months, suggesting that early benefits of CPAP were lost
over time. However, this trial focused on motor rather than cognitive recovery and did not
account for potential late cross-overs whereby control subjects initiated CPAP. Also, this
study enrolled patients with stroke not participating in IPR, potentially suggesting the need
for both IPR and adequate CPAP use for a sustained benefit in stroke recovery.

The limitations of our study include the small sample size, short follow-up period, and
missing outcome measures. How patient factors associated with adherence in general, not
CPAP in particular, may affect outcomes will need to be addressed in future studies that
include control subjects. Finally, in this study, the diagnosis of OSA was based on airflow
resistance rather than a diagnostic sleep study.

Conclusions

Our findings suggest that CPAP adherence can be achieved and sustained over the 3-month
period of maximal stroke recovery with this intensive CPAP adherence program initiated
during IPR. Early CPAP tolerance and long-term adherence have been major limitations

of prior studies in patients with stroke. Improved CPAP adherence in our study may be

the result of the individually tailored and multifaceted SCOUTS intensive CPAP adherence
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program. Although our findings suggest that CPAP adherence improves stroke outcome,
larger randomized trials are needed to assess this potential benefit.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure.

Changes over 3 mo in stroke severity by adherence status. Participants adherent to

continuous positive airway pressure (CPAP) had significantly greater improvements in the
National Institutes of Health Stroke Scale (NIHSS; 4 [interquartile range (IQR), 2, 5] versus
2 [IQR, 0, 3], P=0.005) compared with nonadherent participants.
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