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Study Objectives: Obstructive sleep apnea (OSA) is an independent risk factor for stroke. The objective of this study was to assess the effect of continuous
positive airway pressure (CPAP) treatment on prevention of new vascular events among patients with stroke and OSA.

Methods: Consecutive conscious patients presenting with first imaging-confirmed arterial stroke were included, 6 weeks or more after ictus. All patients
underwent clinical and polysomnography (PSG) testing. Patients with an apnea-hypopnea index (AHI) of > 15 events/h were randomized to posttitration
nightly CPAP treatment and non-CPAP (received best medical treatment) groups. On follow-up at 3, 6, and 12 months from randomization, evaluation was
carried out for any new vascular events as the primary outcome measure, and for clinical stroke outcomes (using the Barthel Index and modified Rankin
scale) and neuropsychological parameters as the secondary outcome measures.

Results: Among the 679 patients with stroke who were screened, 116 reported for PSG, 83 had AHI > 15 events/h, and 70 (34 in CPAP and 36 in non-CPAP)
were randomized. Thirteen patients could not be randomized because of a lack of CPAP devices. Four patients crossed over from the CPAP to the non-CPAP
group. Age (mean age 53.41 + 9.85 in CPAP versus 52.69 + 13.23 years in non-CPAP, P = .81) and sex distribution (24 males in CPAP versus 33 males

in non-CPAP, P =.79) were similar in both groups. At 12-month follow-up, there was 1 vascular event (3.33%) in the CPAP group and 6 events (15%) in the

non-CPAP group (P = .23). Modified Rankin scale score improvement by = 1 at 12-month follow-up was found in significantly more patients in the CPAP

group than in the non-CPAP group (53% versus 27%).

Conclusions: These findings suggest significantly better stroke outcomes and statistically nonsignificant favorable outcomes in terms of recurrence of

vascular events for patients with stroke and OSA who use CPAP treatment.

Clinical Trial Registration: Registry: Clinical Trials Registry - India, CTRI Registration No: CTRI/2016/07.007104, Title: Sleep Disordered Breathing in stroke
patients: Effect of treatment trial, URL: http://ctri.nic.in/Clinicaltrials/showallp.php?mid1=8682&EncHid=&userName=sleep%20disordered%20breathing
Keywords: cerebrovascular disease, clinical trial, CPAP treatment, obstructive sleep apnea, secondary prevention, sleep apnea treatment, stroke,

vascular events

Citation: Gupta A, Shukla G, Afsar M, Poornima S, Pandey RM, Goyal V, Srivastava A, Vibha D, Behari M. Role of positive airway pressure therapy for
obstructive sleep apnea in patients with stroke: a randomized controlled trial. J Clin Sleep Med. 2018;14(4):511-521.

BRIEF SUMMARY

significantly better stroke outcomes were observed in the CPAP group.

Current Knowledge/Study Rationale: Stroke is a common cause of death and disability and obstructive sleep apnea (OSA) is an independent risk
factor for stroke. The objective of this study was to assess the effect of continuous positive airway pressure (CPAP) treatment in prevention of new
vascular events among patients with stroke and OSA. We included patients presenting with their first-ever stroke after 6 weeks of ictus. Patients with
stroke and OSA were randomized to CPAP and non-CPAP treatment groups.

Study Impact: At 1 year from randomization, a nonsignificantly higher number of new vascular events occurred in the non-CPAP group and

INTRODUCTION

Stroke is common, the second leading cause of death and dis-
ability, and is the cause of high health care costs."* Impor-
tant risk factors for stroke are hypertension, atrial fibrillation,
diabetes, and smoking. These are well-established interven-
tion targets for stroke’s primary and secondary prevention.?
Despite adequate treatment of these recognized risk factors,
there is variation in stroke incidence and outcomes even in
apparently homogenous populations. Obstructive sleep apnea
(OSA) is characterized by periodic upper airway obstruction
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that leads to oxygen desaturation and sleep fragmentation.
This further leads to an increased risk of cardiovascular dis-
ease, stroke, and death.*¢ It has been established that OSA
is an independent risk factor for stroke'’ and also aggravates
other risk factors (hypertension, coronary artery disease, dia-
betes, and atrial fibrillation).! The prevalence of OSA among
patients with stroke is around 50% to 80%. Even with neuro-
logical improvement in patients with stroke, their OSA does
not remit or improve.®'° The high prevalence of OSA among
patients with stroke is associated with an unfavorable clini-
cal course in terms of early neurological worsening, delirium,
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depressed mood, impaired functional capacity and cogni-
tion, longer period of hospitalization and rehabilitation, and
increased mortality.!"'* In addition to these conditions, OSA
not only increases the risk of stroke recurrence but also that of
sudden death during sleep.'*"

OSA leads to intermittent oxygen desaturation which causes
oxidative stress that further leads to cardiovascular (hyperten-
sion), metabolic (diabetes, insulin resistance, dyslipidemia, and
obesity), and neurocognitive complications (impaired memory,
attention, and executive dysfunction).?® Sleep fragmentation is
another possible mechanism responsible for cardiovascular,
metabolic, and neurocognitive complications.?"*

There are few studies reporting the effect of continuous
positive airway pressure (CPAP) therapy on the recurrence of
vascular events in stabilized patients with stroke. The aim of
this study was to assess the effect of CPAP treatment in preven-
tion of new vascular events among stroke patients with OSA at
least 6 weeks after the ictus.

METHODS

Consecutive eligible patients with their first-ever arterial stroke,
presenting to Neurology inpatient or outpatient services, were
the target population of this study. This study was a single-
blind randomized control trial (RCT), approved by the Ethics
Committee of the All India Institute of Medical Sciences, New
Delhi. Outcome assessment investigators (AM and SP) were
blinded for OSA treatment status of patients. The study was
initiated in September 2009 and recruitment was completed in
November 2013. The last follow-up was conducted and com-
pleted in November 2014, and analysis was conducted over the
next 6 months.

Patient Population

Inclusion Criteria

All patients presenting to Neurology services, with history
suggestive of a first-ever arterial stroke that took place less
than 6 months prior to enrollment; with CT scan or MRI evi-
dence of the same; with normal consciousness (Glasgow Coma
Scale eye and motor scores of 10); with or without cognitive
impairment; and not requiring life support, were included.

Exclusion Criteria

All eligible patients with previous history of stroke; those with
history of other neurological illnesses such as Parkinson dis-
ease, neuroinfections, neuromuscular disorders; and patients
with known primary sleep disorders other than OSA were
excluded.

Consecutive patients were interviewed for history suggestive
of OSA and other stroke risk factors, and screening was carried
out exclusively by a single investigator (AG) using a standard-
ized format based on all inclusion and exclusion criteria. De-
tailed informed, written consent was obtained from all patients
(or close family members in case of aphasic or cognitively im-
paired patients).
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Polysomnographic Evaluation

All patients who provided consent underwent polysomnogra-
phy (PSG) at least 6 weeks after ictus. PSG was conducted on
a 40-channel Nicolet One Sleep system (Natus Medical Incor-
porated, Middleton, Wisconsin, United States) with analysis
conducted in accordance with the AASM Manual for the Scor-
ing of Sleep and Associated Events: Rules, Terminology and
Technical Specifications, Version 2.2 (2012). All studies were
carried out at the usual sleep times of the patients and were
acquired by trained technologists. Scoring and analysis were
carried out live by the technologist during the PSG acquisition,
then checked and revised (after concealment of patient iden-
tity) by the sleep fellow (AG) and sleep physician (GS).

For scoring hypopneas, the following criteria were used:
peak signal excursions drop by > 30% of preevent baseline us-
ing nasal pressure transducer; the duration of the > 30% drop
being > 10 seconds; and > 3% oxygen desaturation from pre-
event baseline or association of the event with an arousal.”

Randomization, Titration, and Initiation of

CPAP Therapy

All patients with an apnea-hypopnea index (AHI) greater than
15 events/h were randomized by computer-generated random
numbers and the sheets (with numbers printed) were sealed in
opaque envelopes. One envelope was opened by a clinical as-
sistant each time a patient was to be randomized and infor-
mation about the category mentioned in the sheet was then
communicated to the sleep technologists in person or by tele-
phone. The CPAP group consisted of patients put on nightly
CPAP treatment following a titration PSG, and the non-CPAP
group was formed by those not on any treatment for OSA.
Those in the non-CPAP group received the “best medical treat-
ment.” This included oral enteric coated aspirin (150 mg), oral
atorvastatin (10-20 mg), folic acid (5 mg), and antihyperten-
sive or antidiabetic treatment as indicated for the patients with
ischemic stroke. Similarly, for the patients with hemorrhagic
stroke, only anti-hypertensive drugs were part of the stan-
dard best medical treatment. Edema-reducing measures were
used in the acute phase if necessary. Titration was manually
carried out according to guidelines published by the Ameri-
can Academy of Sleep Medicine.” All patients were titrated
on CPAP and were prescribed auto-adjusting CPAP devices.
The devices were set to a narrow range of titrated pressure + 2
cm H,O. All patients used a nasal mask except for one patient
who used an oronasal mask because he had difficulty with the
nasal mask and dryness of the mouth. The purchase of the
CPAP devices was sponsored by the funding agency (Depart-
ment of Science and Technology, Government of India) and
devices were purchased from Tyco Healthcare (GoodKnight
420E, Puritan Benett, Pleasantom, California, United States)
and Phillips Respironics (REMstar Auto Aflex, Koninklijke
Philips Electronics N.V., Murrysville, Pennsylvania, United
States). Using CPAP, sleep apnea improved in all patients to
an AHI < 5 events/h, except for one who responded only to
bilevel positive airway pressure. He had to be reported as a
crossover to the non-CPAP arm, because he was unable to af-
ford the cost to procure a bilevel device (not provided through
the research funding).
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Initialization on CPAP therapy was carried out by the sleep
technologists after successful titration. Troubleshooting as far
as the equipment and/or masks was concerned was also han-
dled by the sleep technologists. CPAP adherence data were
collected by sleep technologists, from the memory cards of the
CPAP devices, after a minimum of 3 months and maximum of
6 months of CPAP use.

Follow-Up and Outcome Assessment

Measurement of outcome parameters was standardized and as-
sessors were blinded. Patients as well as their caregivers were
instructed in detail, in advance, to maintain confidentiality
about their OSA treatment status while being assessed by AM,
SP, or AG.

Primary Outcome Measure Assessment

Primary outcome measure was assessed solely by a single in-
vestigator (GS), by confirming prospectively the occurrence of
any vascular event (stroke, death, acute myocardial infarction,
unstable angina, subclinical coronary events) through history,
clinical examination, electrocardiogram, cardiac enzymes (for
suspected acute coronary events), and brain imaging (for sus-
pected stroke recurrence). An electrocardiogram was obtained
at enrollment, at 6-week follow-up, and at 3, 6, and 12 months
from randomization and treatment initiation.

Secondary Outcome Measures Assessment

STROKE OUTCOMES: Stroke outcomes were assessed by a
single investigator (GS) at baseline. Assessment at all three
follow-up visits was carried out by AG (blinded to information
about treatment arms). Patients were assessed for their clini-
cal status in detail. Their independence in activities of daily
living was evaluated using the Barthel Index.?* Clinical stroke
outcomes were categorized using the modified Rankin scale
(mRS)*—a scale most widely used for disability and depen-
dence outcome assessment among patients with stroke.

NEUROPSYCHOLOGICAL ASSESSMENT SCORES: Detailed neu-
ropsychological assessment was carried out using the Mini-
Mental Status Examination (for overall cognitive status), PGI
Memory Scale?® (for evaluation of memory) and the Indian
aphasia battery?’ (to evaluate poststroke language dysfunction,
specifically in the Hindi-speaking North Indian population).
Detailed sleep history was also obtained. For neuropsychologi-
cal testing, investigators AM and SP were the sole evaluators
during the first half and second half of the study period, re-
spectively. Their interrater agreement was checked at the time
of transition between first and second halves of the study pe-
riod on 10 consecutive subjects, and was confirmed to be high
(Cohen Kappa = 0.89). They remained completely blinded to
treatment being received by the patients.

Statistical Analysis

Statistical analysis was carried out by using the statistical soft-
ware STATA version 12.0 (StataCorp, College Station, Texas,
United States). All categorical variables summarized as fre-
quency (%). Continuous variables following normal distribution
were summarized as mean + standard deviation, and non-normal
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variables were summarized as median (range). The Student 7 test
was used to compare continuous variables when data distribu-
tion was normal and the Wilcoxon rank-sum test was used for
skewed data. The chi-square test was used to compare categorical
variables and Fisher exact statistics were used if cell frequency
was less than 5. We also calculated the number of patients who
showed improvement on the mRS > 1 point, at each follow-up.

Kaplan-Meier survival estimates analysis and multifactorial
Cox proportional hazards regression analysis of factors asso-
ciated with cardiovascular events or mortality (age sex, body
mass index, history of hypertension, ischemic heart disease,
smoking, dyslipidemia, Epworth Sleepiness Scale, Barthel In-
dex, mRS, AHI) were carried out.

RESULTS

A total of 679 consecutive patients with stroke were screened
for enrollment into this study. We excluded 187 patients because
of low Glasgow Coma Scale scores < 10 (n = 108), history of
prior stroke (n = 41), and other associated neurological illnesses
(n = 38). The remaining 492 patients fulfilled inclusion crite-
ria and were informed about the trial design and objectives. Of
these, 138 did not consent to the study for a variety of reasons.

A total of 354 patients gave consent to participate in the
study and were scheduled to undergo PSG. Of these 354 pa-
tients, 116 underwent PSG. Seven patients died before their
scheduled PSG, and 231 patients did not report for their sched-
uled PSG. The reasons for the large number of patients not
participating in the study after initial consent included: refusal
due to change in hospital chosen for follow-up, disinterest in
pursuing secondary prevention in the face of severe disability,
lack of availability of caregivers who could accompany them,
new comorbidities, and despondence resulting from dealing
with poor stroke outcome. The patient flow for the study is pre-
sented in Figure 1.

Demographic and Clinical Details
Patients Who Qualified for Inclusion (n = 492)

The mean age of patients who met inclusion criteria was
57.05 + 13.69 years and 360 (73.17%) were male. A total of
300 patients had ischemic and 192 had hemorrhagic stroke. Pa-
tients who did not give consent were significantly older than
those who gave consent (64.31 + 15.04 versus 54, 22 + 12.01).

Patients Who Consented to Participate (n = 354)

The mean age of patients who gave consent was 54.22 + 12.01
years and 278 (78.53%) were male. The mean Barthel Index of
patients at the time of recruitment (6 weeks to 6 months) was
65 + 41 and median was 75 years (range 35—-100 years). See
Table S1 in the supplemental material.

Patients Who Underwent PSG (n = 116)

Mean age of patients who reported for and underwent PSG, was
54.58 + 12.73 years and 92 (79.31%) were male. The mean Bar-
thel Index of patients at the time of PSG evaluation (> 6 weeks
from stroke ictus) was 65 £ 41 (range 35-100). See Table S1.
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Figure 1—Flow chart demonstrating details of various steps of the randomized controlled study.

Total 679 patients with stroke screened

187 excluded
+ Patients with GCS < 10 (n = 108)
+ Patients with recurrent strokes (n = 41)
+ Patients with associated cardiac and/or neurological ilness (n = 38)*

492 fulfilled inclusion criteria

138 did not give consent
+ Misperception about research (n = 70)
| * Residence in another city, travel difficult (n = 37)
+ Caregiver difficulties (n = 10)
+ Other (n=21)**

\]

Consent obtained from 354, for PSG, treatment and follow-up

238 did not report for PSG
+ Reasons not stated (n = 163)
+ Change in attended hospital (n = 38)
+ Persistent motor disability (n = 10)

> + Died prior to PSG appointment (n = 7)
+ Dissatisfied with recovery, hence discouraged from participating in the trial
(n=5)

+ Other (n=15)***

\/

116 underwent PSG
32 had AHI < 15 events/h
—

1 patient died in hospital due to pancreatitis

\]

83 had AHI > 15 events/h

13 not randomized because of delayed purchase of CPAP devices, and therefore,
unavailability of CPAP device within the period of eligibility

\]

"7 70 randomized ﬁ

34 CPAP group 36 non-CPAP group

4 patients crossed over due to inability to use
CPAP:

+ Significant motor disability

+ Poor cognitive ability

+ Global aphasia

+ OSA not improved on CPAP titration

\

\/

30 in CPAP group 40 in non-CPAP group

Symbols defined as follows: * = cardiac valve endocarditis, congestive heart failure, atrial fibrillation, Parkinson disease, ** = had to consult their primary
care physician or already decided to consult another hospital or physician for their treatment, *** = bad weather conditions, distance, other family
commitments necessitating withdrawal from study. AHI = apnea-hypopnea index, CPAP = continuous positive airway pressure, GCS = Glasgow Coma
Scale, PSG = polysomnography.
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Table 1—Baseline clinical and demographic details of patients randomized to the CPAP and non-CPAP treatment arms.

All Patients (n = 70)

Sex (male) 57 (81.43)
Age (years) 53.03 £ 11.68
BMI (kg/m?) 25.26 £ 4.07
Neck circumference (cm) 36.79+2.76
Mallampati score (class IV) 8(11.43)
Ischemic stroke 56 (80)
Snoring 60 (60)
Witnessed apnea 27 (38.57)
History of EDS 32 (45.71)
ESS score 6.0 (0-22)
mRS score 1.95+1.83
Barthel Index 84.03 + 26.61
Berlin Questionnaire high risk 41 (58.57)
Hypertension 54 (77.14)
Diabetes mellitus 16 (22.86)
Ischemic heart disease 8(11.43)
Dyslipidemia 22 (31.43)
History of smoking 29 (41.43)
10 (14.29)

History of regular alcohol intake 14.29
Blood pressure
SBP

DBP

126.11 £7.75
86.37 £7.76

CPAP (n = 30) Non-CPAP (n = 40) P
24 (80) 33 (82.5) 79
53.41+9.85 52,69 +13.23 81
24.85+4.98 2557 +3.26 A7
36.33 + 2.24 372322 51
3(10) 5 (12.5) NS

23 (76.67) 33 (82.50) 45
27 (90) 33 (82.5) 49

9 (42.86) 18 (45.00) 20

11 (36.67) 21 (52.50) 19
6.5 (0-22) 6.0 (0-14.5) 66
2.25+1.86 1,65+ 1.81 31
83.61 +29.24 84.44 + 24,54 92
20 (66.67) 21 (52.50) 23
21(70.00) 33 (82.50) 21

8 (26.67) 8(20)) 51
3(10.00) 5 (12.50) 75

10 (33.33) 12 (30.00) 77

10 (33.33) 19 (47.50) 23

5 (16.67) 5 (12.50) 62
12654 + 11.32 125.78 +3.26 69
87.63+5.83 85.43 +8.90 24

Values are presented as n (%), mean * standard deviation, or median (range). BMI = body mass index, CPAP = continuous positive airway pressure,
DBP = diastolic blood pressure, EDS = excessive daytime sleepiness, ESS = Epworth Sleepiness Scale, mRS = modified Rankin scale, SBP = systolic

blood pressure.

Table 2—Baseline neuropsychological assessment.

All Patients (n = 70)

Mini Mental State Examination (n = 68)

Mean + SD 22.70+8.19

Median (range) 25 (20.5-29)
Memory Scale Scores (n = 64)

Mean + SD 50.76 + 25.82

Median (range) 55.00 (36-72)
Aphasia Battery Scores (n = 70)

Mean + SD 57.92+72.16

Median (range) 31.5(12.25-68.5)

CPAP = continuous positive airway pressure, SD = standard deviation.

CPAP (n = 30) Non-CPAP (n = 40) P
81
23.13+7.66 2242+ 862
24.5 (20-29) 25 (21-28.5)
75
50.20 + 23.66 5114275
54.5 (37.5-73) 56 (33.25-71)
45

51.5 £ 54.03
40.5 (15.75-72.25)

62.21 £ 82.53
28.5(12.25-68.25)

Stroke was confirmed by MRI in 13 patients and by CT
scanning in 57 patients.

A total of 70 patients were randomized, with a mean age
of 53.03 + 11.68 years and 57 (81.43%) were males. Fifty-six
patients (80%) had ischemic stroke, out of which 41 (73.21%)
had large vessel and 15 (26.79%) had small vessel involve-
ment. Two patients had infratentorial stroke located in the
pons and medulla, respectively, and the remaining patients
had supratentorial strokes. All patients with hemorrhagic
stroke (n = 14) had supratentorial bleeds. The mean body
mass index was 25.3 + 4.07 kg/m?. Other clinical charac-
teristics (Table 1) as well as scores on neuropsychological
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assessment (Table 2) were similar among patients in both
treatment arms.

Observations From PSG

A total of 116 patients underwent PSG. Of these, 83 (72.42%)
had an AHI > 15 events/h (moderate to severe OSA) and were
eligible for randomization (Table 3).

Randomization

Twelve patients withdrew consent and one patient died of acute
pancreatitis after PSG but before randomization. Hence, 70 pa-
tients were randomized according to a computerized random
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Table 3—Baseline polysomnography parameters (at least 6 weeks from stroke ictus) among patients randomized to receive
CPAP treatment (CPAP group) or best medical treatment (non-CPAP group).

Total Sleep Time (minutes)
Mean + SD
Median (range)

Sleep Efficiency (%)
Mean + SD
Median (range)

Sleep Latency (minutes)

All Patients (n = 70)

309.4 + 108.2
340 (211-389)

69.2+17.9
74 (60.1-82.8)

Mean + SD 139.0 £ 545.9

Median (range) 12 (6-45)
Apnea-Hypopnea Index (events/h)

Mean + SD 322+232

Median (range) 21.4 (16.6-38.8)

Stage N1 Sleep (% TST)

Mean + SD 3590 £19.2

Median (range) 30 (25-41)
Stage N2 Sleep (% TST)

Mean = SD 38.95+13.60

Median (range) 34.5 (27-53)
Stage N3 Sleep (% TST)

Mean = SD 8.36 £8.45

Median (range) 6 (1-14)
Stage R Sleep (% TST)

Mean + SD 16.8 £10.5

Median (range) 17 (10-23)
Desaturation Index (events/h)

Mean + SD 231+£245

Median (range)
Arousal Index (events/h)

15.75 (3.9-35.1)

Mean + SD 29.35+£13.49

Median (range) 24.5(18.2-39.9)
RI (events/h), mean * SD 1.1+341
WASO (minutes)

Mean = SD 36.6 £22.3

Median (range) 33 (20-52)
CPAP Pressure (cm H,0)

Mean + SD

Median (range)

CPAP (n = 30) Non-CPAP (n = 40) P
41
295 + 90.9 3251+ 126.9
333 (227.5-346.5) 344 (191-435)
52
66.8 + 18.4 717 +18.1
73.05 (54.05-78.7) 75.9 (60.1-87.1)
73
2433+ 755.3 252 +30.6
12 (7-60) 12 (4.5-45)
10
387428 25.03 % 14.7
30.12 (20.7-45.3) 19.89 (15.6-33.2)
64
33424172 38.9+21.9
28.5 (25.5-37.5) 34.5 (24-55)
67
38.25 + 15,03 30.8 + 12.43
31.5 (26.5-54) 38.5 (33-46)
69
8.08 +8.71 8.7 859
6 (0.5-14.5) 8 (1-14)
09
202+ 119 12.7 7.1
22 (11-26) 115 (8-21)
92
24.07 £ 286 21.85 +20.0
17.9 (4.65-31.2) 14.3 (3.9-40.1)
13
34.41 £ 1553 23.29+7.42
34.35 (20.75-46.05) 22.65 (16.7-30.5)
1.98 +3.10 2.01+3.50 87
52
406+24.8 32.3+194
36 (20.5-59.5) 33 (15-45)
14+ 4.69
12 (8-20)

Wilcoxon rank-sum test. CPAP = continue positive pressure, Rl = respiratory event-related arousal index, SD = standard deviation, TST = total sleep time,

WASO = wake after sleep onset.

number table. Thirty-four patients were randomized to the
CPAP arm and 36 to the non-CPAP arm. Three of 33 patients
(9%) were nonadherent and refused to use the CPAP device,
because of various reasons such as motor disability, poor cog-
nitive ability, and aphasia. Three patients crossed over during
the study, at 1 month, 3.5 months, and 15 days from random-
ization, respectively. One patient was randomized to the CPAP
arm but did not show any significant improvement on CPAP,
but showed 50% reduction in AHI at higher pressures (25/21)
on treatment using a bilevel positive airway pressure device.
Therefore, these four patients were considered to have treat-
ment arm crossover and were followed up in the non-CPAP
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arm. Final analysis was carried out for 70 patients: 30 in the
CPAP arm and 40 in the non-CPAP arm. Crossover analysis
was not carried out because the sample size was small. Three
patients were observed to have one or more central apneas dur-
ing their diagnostic studies. The mean central apnea index was
0.02 + 0.11 events/h during titration studies, and no patients
were found to have treatment-emergent central apnea.

CPAP Adherence

To ensure CPAP adherence, patients enrolled in the CPAP
group as well as their caregivers were counseled about OSA
and its consequences. Sessions were also held for training
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Table 4—Incidence of new vascular events in patients randomized to CPAP and non-CPAP groups at 12-month follow-up.

CPAP (n = 30)

Total vascular events, cardio-cerebrovascular
Stroke 0
TIA 1
Angina 0
Myocardial Infarction 0
Nonsymptomatic change in ECG 0
Death* 0
Other events# 1

Non-CPAP (n = 40) P
6 (15.0) 23
0(0.0) -
2 (5.0) NS
2 (5.0) 50
0(0.0) -
1(2.5) NS
1(2.5) NS
2 (5.0)

Values are presented as n (%). Symbols are defined as follows: * = death occurred due to sudden cardiac arrest in hospital emergency, possibly due to an
acute coronary event, # = one had seizure, one had upper respiratory tract infection with exacerbation of congestive cardiac failure (non-CPAP group), one
had road traffic accident, as a passenger (CPAP group); none of the events occurred in the same patient. CPAP = continuous positive airway pressure,

ECG = electrocardiogram, TIA = transient ischemic attack.

in mask application, ramp function, and cleaning of the de-
vice. Close follow-up was kept for each patient who was on
the CPAP arm by telephone conversation by sleep technolo-
gists and support staff at least once per month. Patients were
advised or counseled by the sleep physician if they reported
any concerns or queries. Apart from this, immediate family
members or caregivers were asked to keep a close watch on
CPAP use and periodically report about adherence. The most
common problem reported was inability to use CPAP because
of independent handling of the device and lack of learning ca-
pability due to cognition, which improved gradually with im-
provement in the patient’s condition. The median time taken
for CPAP acceptability and acclimation from CPAP prescrip-
tion was 34 days (range: 0—150). Some patients did encoun-
ter difficulty in tolerating the CPAP device, reporting lack of
understanding of the device, dry mouth, anxiety about using
the device, involuntary removal of the mask during sleep, and
aerophobia. Patients were advised accordingly (Table S3 in
the supplemental material). Average number of hours of CPAP
use in the CPAP group was 4.2 + 1.32 h/night and the average
percentage of nights CPAP was used was 76 + 22.8%. The
percentage of nights CPAP was used for more than 4 hours
was 58.9 + 19.9%. The CPAP efficacy was good, with a mean
AHI of 1.6 + 0.9 events/h during use. See Table S2 in the
supplemental material.

Outcomes in the CPAP Versus Non-CPAP Groups

New Vascular Events

There was a statistically nonsignificant difference between the
number of vascular events (6 [15%]) in the non-CPAP group
at 12-month follow-up, as compared to a single event (3.3%)
noted in the CPAP group. See Table 4.

Stroke

The baseline Barthel Index scores were improved in both
groups. No significant differences were observed between the
mean Barthel Index scores in both groups.

At 6-month follow-up, 15 patients (50%) in the CPAP arm
compared with 9 patients (22%) in the non-CPAP arm showed
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improvement on the mRS by > 1 point.?® At the 12-month
follow-up, 16 patients (53.3%) in the CPAP arm showed such
improvement compared with only 11 patients (27.5%) in the
non-CPAP arm. These differences are statistically significant,
as well as clinically meaningful and relevant (Table 5).

Kaplan-Meier survival analysis showed statistically nonsig-
nificant difference favoring the CPAP arm (Figure S1 in the
supplemental material).

Cognitive Performance

Patients in both groups did not show any significant differ-
ence in their cognitive performance at any of the follow-up
evaluations.

Blood Pressure Control

All patients except one had good blood pressure control® with
or without antihypertensive medications.

Other Parameters

No difference was found in other follow-up parameters except
in the daytime sleepiness at the 6-month and 12-month follow-
up. ESS scores at 6 months: 3.12 + 1.12 versus 5.38 + 4.92,
P = .02, in the CPAP versus non-CPAP groups respectively.
ESS scores at 12 months: 3.00 £ 1.23 versus 6.12 + 4.38,
P <.001, in the CPAP versus non-CPAP groups, respectively.

DISCUSSION

This study is an important addition to the literature on the
effect of CPAP treatment on patients with OSA and stroke.
Our results indicate that new vascular events may be better
prevented—and significantly more patients may make good
stroke recovery—with CPAP treatment as compared to only
best medical treatment.

CPAP Effect on New Vascular Events

In the current study, we found more frequent occurrence of
new vascular events in the group that was not treated with
CPAP than the CPAP group, though this difference was not
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Table 5—Secondary outcomes in the CPAP versus non-CPAP groups at follow-up.

| CPAP(n=30) | Non-CPAP(n=40) | P
Epworth Sleepiness Scale Score
Saseline Mean £ SD 714733 525+ 4.70 5
Median (range) 7(0-22) 6 (0-15) '
Mean £ SD 5.14 141 538+ 4.92
Month 7
3 Monihs Median (range) 6 (0-14) 6 (0-16) °
Mean + SD 312+ 112 538+ 492
Month 02
6 Months Median (range) 2 (0-5) 6 (0-16) 0
Mean £ SD 3.00+ 123 6.12 + 4.38
12 Months Median (range) 2 (0-6) 8 (0-16) 001
Aphasia Battery Score
Saseline Mean £ SD 515 % 54.03 62.21 + 82.53 i
Median (range) 40.05 (2-270) 28.5 (3-270) '
Mean £ SD 43.78 £ 40.74 4261+ 2867
6 Months Median (range) 16 (15-122.5) 20 (7-57) 88
Mean + SD 36.5+ 25.77 39.92 + 27.25
12 Month .
onths Median (range) 19 (2-42) 175 (2-65) %
Memory Scale Score
) Mean £ SD 50.20 + 23.66 5114 +£275 75
Baseline -
Median (range) 54.5 (0-80.5) 56 (0-90)
Mean £ SD 59.07 + 11.90 68.55 + 15.90
6 Months Median (range) 61 (43-77) 67 (48.5-95) 21
Mean £ SD 67.91 £ 11.71 68.00 + 17.08
12 Months Median (range) 65 (57-86) 69 (50-95) 99
Mini Mental State Examination
Saseine Mean + SD 2313+7.66 22424862 y
Median (range) 25.5(0-30) 25 (0-30) )
Mean + SD 26.00 + 3.87 26.33 + 3.84
Month .
6 Months Median (range) 28 (19-29) 28 (20-30) 8
Mean £ SD 28.66 + 1.51 26.83 + 2.48
12 Months Median (range) 29 (26-30) 27,5 (23-30) 19
Barthel Index
Saseline Mean £ SD 83.61+29.24 84.44 + 24.54 0
Median (range) 100 (40-100) 100 (35-100) '
Mean £ SD 95.08 + 23.83 94.22 +20.79
Month 87
3 Months Median (range) 100 (50-100) 100 (55-100) 8
Mean + SD 95.30 £ 15.40 95.32 + 20.88
Month .
6 Months Median (range) 100 (65-100) 100 (55-100) %
Mean £ SD 95.32 £ 16.91 96.55 + 19.97
12 Months Median (range) 100 (65-100) 100 (55-100) %
Blood Pressure
Saceline SBP, mean £ SD 126,54 + 11.32 125.78 + 3.26 .S
DBP, mean + SD 87.63 £ 583 85.43 £ 8.90
SBP, mean £ SD 128.44 + 10.10 127.24 £ 6.76
6 Months DBP, mean + SD 84.41 £ 6.02 84.23+7.03 NS
SBP, mean £ SD 128.13 + 12,01 125,63 + 3.87
12 Months DBP, mean + SD 86.23+5.54 84.12+8.09 NS
Patients With mRS Score Change > 1 From Baseline
3 Months n (%) 10 (33.33) 9(22.5) 41
6 Months n (%) 15 (50) 9 (22.5) 02
12 Months n (%) 16 (53.33) 11 (27.5) 03

mRS = Modified Rankin Scale , ESS = Epworth Sleepiness Scale, Mini-Mental State Examination.
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found to be statistically significant. Tomfohr et al. extensively
reviewed the effect of CPAP on stroke survivors, and summa-
rized that most published studies were observational.*® The
randomized studies evaluating the difference in new vascular
event occurrence rate with CPAP after stroke have either in-
cluded patients with acute transient ischemic attack® or have
been conducted in an acute stroke setting,* after which much
sleep-disordered breathing could subside or evolve. Although
the study on patients with transient ischemic attack found a
significant difference brought about in the new vascular event
occurrence rate, the latter study (on patients with acute stroke)
found no significant difference in the occurrence of new vas-
cular events. Martinez-Garcia et al. reported a significant de-
crease in mortality® and the number of new vascular events*
through their 5- to 7-year follow-up observational studies. In
the observational studies, the numbers included were similar
to those in our study; however, they used level 3 PSG stud-
ies® that may have biased them toward the inclusion and ran-
domization of patients with more severe OSA than those in our
study. They also did not carry out titration with CPAP prior
to the initiation of nightly use by patients. In comparison with
the aforementioned studies, ours is the first RCT with the most
appropriate poststroke timing of PSG and randomization. We
also used level 1 sleep studies and in-laboratory CPAP titration
prior to nightly use by patients.

CPAP Effect on Stroke Outcome

In the current study, the stroke outcome was observed to
be significantly better in the CPAP arm compared to the
non-CPAP arm with the number of patients on CPAP who
showed > 1-point improvement on the mRS being signifi-
cantly greater than the latter group at 6-month and 12-month
follow-up. Our findings are similar to those observed by many
other studies with different design, methodology, and primary
outcome measures. A change in mRS score > 1 was reported
to be significantly more frequent among patients using CPAP
in a CPAP treatment trial on patients with acute stroke.* In a
randomized open-label trial with 4 weeks of CPAP treatment
for OSA, 3 weeks after stroke and after 4 weeks of treatment,
significant improvement in stroke-related impairment was ob-
served.”’ In another randomized trial on patients with acute
stroke, the group treated with auto-adjusting CPAP for OSA
showed greater improvement on 30-day National Institutes
of Health stroke scale scores.’®* Wessendorf et al., in an ob-
servational intervention study, made similar observations in
stroke outcomes, as measured through Barthel Index scores.*
Sandberg et al. observed no difference in Barthel Index scores
between CPAP and non-CPAP groups at a 28-day follow-up
of CPAP therapy in patients with acute stroke recruited 2 to 4
weeks after ictus.*!

CPAP Effect on Neuropsychological and

Cognitive Outcomes

We found no significant difference between the CPAP and the
non-CPAP arms in the cognitive performance on follow-up.
Similar observations about cognitive outcomes were reported
by Ryan et al.’’; however, they found a significant difference
between effective components of depression. In other trials of
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patients with acute stroke, Sandberg et al. did not observe any
significant difference in MMSE scores between the CPAP ver-
sus non-CPAP groups.” In a recently published study, it was
shown that cognitive outcome was better among patients with
CPAP at 8-week follow-up.*

CPAP Effect on Blood Pressure Control

Although we found no difference in the blood pressure control
between the two treatment arms, Wessendorf et al. did observe
significant reduction in mean nocturnal blood pressure in pa-
tients who were adherent to CPAP. The study by Wessendorf
et al. was performed in a rehabilitation center treating OSA,
and patients started treatment with an auto-adjusting CPAP de-
vice at least 60 days following stroke ictus.*’ In our study, most
patients already received aggressive blood pressure reduction
treatment apart from management of other modifiable risk
factors during the immediate poststroke period prior to PSG
and randomization. Hence, obtaining the additional benefit of
blood pressure control via CPAP use was likely not possible in
our study.

CPAP Adherence

We found good CPAP adherence in our study. The rate of ac-
ceptable adherence to CPAP—defined as CPAP use > 75% of
nights for > 4 h/night—was 62.5% in the study by Bravata et
al.® and 40% in the study by Minnerup et al.** In a recently
published study from initial data from the multicenter SAVE
study, adherence was found to be significantly lower during
12-month follow-up, and adherence could be predicted by first
experience with the CPAP device.* Close follow-up, periodic
reminders, and counseling based on patients’ adherence data
were likely the most important factors determining good ad-
herence in our study.

Strengths and Limitations

RCT design, appropriate timing at randomization, and in-labo-
ratory diagnostic and titration PSG with meticulous follow-up
and CPAP adherence confirmation were the main strengths of
our study.

There are some limitations that remained in this study. The
younger age and male dominance of the population included
represents the general presenting characteristics of patients
from India with stroke* in our study. It may affect the general-
izability of our results to other ethnic populations.

The choice of tests for cognitive performance was based
mainly on applicability to an Indian (especially North Indian)
population. The memory and language scales used were the
only scales validated in a majority Hindi-speaking popula-
tion at the inception of the study. This may have resulted in
lower sensitivity of the cognitive measurement tools. This may
also be a potential cause for lack of significant association of
CPAP use with change in cognitive performance. Poststroke
depression may be highly prevalent and lack of adjustment
for depression and educational level also remains a limitation
of this study.

There could be a possible sampling bias as a large number of
patients did not give consent or report for PSG after consent-
ing. The adherence to CPAP in the CPAP arm is higher than
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what has recently been reported in other larger clinical trials
in stroke populations, so it is possible that subjects may not be
representative of larger stroke populations. At the same time,
another possible limitation is the smaller sample size than an-
ticipated through an a priori power analysis that had shown 80
subjects in each arm to be the required amount for a power of
80%. Various reasons for this have been stated earlier. Future
multicenter studies using this methodology would certainly
have a great effect on transforming management of patients
with stroke after the acute phase.

The low incidence of new vascular events, a favorable point
resulting possibly from aggressive risk factor management,
also reduced the strength of the main conclusions of this study.

CONCLUSIONS

The treatment of OSA through the use of CPAP in patients with
first-ever arterial stroke, starting more than 6 weeks from the
stroke ictus, appears to have a beneficial effect in reduction of
incidence of new vascular events and it significantly improves
stroke recovery at 6- and 12-month follow-up. Careful selec-
tion of patients, manual CPAP titration, and close follow-up
assist in good CPAP adherence.

ABBREVIATIONS

AHI, apnea-hypopnea index

Al, arousal index

BMI, body mass index

CPAP, continuous positive airway pressure
DI, desaturation index

EDS, excessive daytime sleepiness

ESS, Epworth Sleepiness Scale

mRS, modified Rankin scale

OSA, obstructive Sleep apnea

PSG, polysomnography

RCT, randomized control trial

REM, rapid eye movement

RERA, respiratory event-related arousal
RI, RERA index

TST, total sleep time

WASO, wake after sleep onset
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