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ery from stroke. The aim of this study is to evaluate the relationships between sleepdisordered breathing (SDB) and outcome measures in Finnish stroke unit cohort:
mRS, need of rehabilitation and hospitalization time.
Material and Methods: An observational longitudinal study consisted of 95 patients
referred to the Stroke Unit of Satakunta Hospital District over a period of November
2013 to March 2016. Patients were tested for SDB within 72 hr from the hospital
admission because of ischemic stroke or TIA. The patients underwent polysomnography with NOX T3 wireless recorder.
Results: There are 37% (n = 35) non-OSA patients, 20% (n = 19) of patients have mild
obstructive sleep apnea (OSA) and 39% (n = 37) have moderate/severe OSA and 4%
(n = 4) have CSA. Patients with OSA have higher proportion of disability scores of
mRS 3–5 (38%) compared to non-OSA (11%) and mild OSA (5%) patients on registration day (mRS0), and the same trend is seen at hospital discharge 35% versus 9% and
5%. (p = .009). Proportion of patients with OSA who needed rehabilitation is 65%
(n = 19) versus non-OSA patients 17.5% (n = 4) and mild OSA patients 17.5% (n = 4;
p = .039). We observed longer duration of hospitalization (5–15 days) in 29% of OSA
patients compared to mild OSA patients 47% and OSA patients 54%. (p = .045).
Conclusion: Ischemic stroke patients with OSA have higher disability, higher need of
rehabilitation, and longer hospitalization length. Prescreening tools for recognizing
these stroke patients in acute phase could be valuable. That could result in earlier
initiation of treatment and might prevent worse recovery from stroke.
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1 | I NTRO D U C TI O N

Aldrich, 1999; Bassetti, Aldrich, Chervin, & Quint, 1996; Hermann &

Sleep-disordered breathing (SDB) is frequent among ischemic stroke

pecially the most common condition, obstructive sleep apnea (OSA)

and TIA patients and several studies have estimated the prevalence

is preceding condition and a known risk factor for ischemic stroke

between 50% and 70% depending on the definition (Bassetti &

(European Stroke Organisation (ESO) Executive Committee and

Bassetti, 2009, 2016; Sahlin et al., 2008). In stroke care, SDB and es-
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ESO Writing Committee, 2008; Yaggi et al., 2005; Young, Peppard,
& Gottlieb, 2002). Recurrent hypoxemia, variable blood pressure,
increased cardiac arrhythmias, and cerebral hypoperfusion caused
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2 | M ATE R I A L A N D M E TH O DS
2.1 | Study population

by SDB may contribute to higher disability from stroke (Hermann
and Bassetti, (2009); Sahlin et al., 2008; Bassetti & Aldrich, 1999;

This study is a part of a larger research of sleep-disordered breath-

Somers et al., 2008; Somers, Dyken, Clary, & Abboud, 1995; Urbano,

ing in Finnish stroke patients in Satakunta Hospital District. Patients

Roux, Schindler, & Mohsenin, 2008). Additionally, sleep disorders

were recruited from the stroke unit between March 2013 and

impair daytime wakefulness, cognitive functions, and mood which

November 2016. We included 102 patients with first ever acute is-

in negative way influence rehabilitation, worsens the outcome and

chemic stroke or TIA who were able to give informed consent and

quality of life and prolongs hospitalization (Good, Henkle, Gelber,

had less than 72 hr from the hospital admission. Most patients had

Welsh, & Verhulst, 1996; Hermann & Bassetti, 2009; Kaneko,

less than 72 hr of ischemic stroke or TIA symptom appearance. Few

Hajek, Zivanovic, Raboud, & Bradley, 2003; Moyer, Sonnad, Garetz,

patients reported later that they had fluctuating symptoms or prior

Helman, & Chervin, 2001). Higher rate of recurrent cardiovascular

symptoms within the preceding week. Additionally, the patients

events and mortality have observed in patients with SDB in sev-

were not allowed to have previous strokes, diagnosis, or treatment

eral studies (Hermann & Bassetti, 2016; Parra et al., 2004; Sahlin

for sleep apnea. Moreover, the patients had to be conscious and

et al., 2008; Young et al., 2002).

not suffer from disabling aphasia to give written informed consent.

SDB can be diagnosed by overnight polysomnography but a sim-

The diagnosis of stroke or TIA was confirmed by Neurologist based

pler and portable version, respiratory polygraphy which is used in

on a history of a sudden onset of a neurologic deficit, clinical ex-

this study, is considered as a sufficient method for diagnosing SDB

amination, and brain imaging. The registrations were conducted by

(Erkinjuntti, Salmi, Polo, & Kirjavainen, 2006; Collop et al., 2007;

Scientist during weekdays, from Monday to Thursday, due to practi-

Parra et al., 1997). There are only few studies of the prevalence

cal reasons. Despite of that, patients admitted to stroke unit during

of SDB and in Finnish stroke patients and sleep recordings are not

weekend could be recruited and registered because of the inclusion

routinely used in Finnish stroke units. In a systematic review by our

criteria.

study group, no plausible prescreening instrument for suggesting

A detailed medical history and neurological examinations were

SDB in acute and subacute stroke patients exists (Takala, Puustinen,

done according to the hospital protocol by Neurologist. Following

Rauhala, & Holm, 2018). Because of the limited resources, not all

demographic data was collected by the Scientist: sex, age, smok-

stroke patients can be tested for SDB, the prescreening tools for

ing, previous diseases, marital status, education, and occupation.

patients in need of sleep recordings can be valuable. According

Body Mass Index (BMI) was calculated in all except three patients

to ESOC guideline, SDB and particularly moderate to severe OSA

in non-OSA and OSA group and two in mild OSA group. BMI was

is recommended to be treated with continuous positive airway

categorized to BMI ≥ 30 and BMI < 30 and age-adjustment of BMI

pressure (CPAP; European Stroke Organisation (ESO) Executive

was made. The severity of the stroke was estimated by the National

Committee and ESO Writing Committee, 2008). Further, in the up-

Institute of Health Stroke Scale (NIHSS; Brott et al., 1989) and dis-

dated AHA/ASA guideline, it is proposed that the treatment with

ability was evaluated using Barthel Index scale (BI) on registration

CPAP might be considered for improved outcomes for stroke and

day (Mahoney & Barthel, 1965). Basic Nordic Sleep Questionnaires

TIA patients (Kernan et al., 2014).

(BNSQ; Partinen & Gislason, 1995) were filled before registration.

The aim of this observational longitudinal study is to focus on

Computer tomography scan (CT) and on selected patients, magnetic

the relationships between SDB and clinical outcomes in Finnish

resonance imaging (MRI) were performed. All routine laboratory

stroke unit cohort. We aimed to evaluate the possible relation-

tests, ECG and chest x-ray and blood pressure were examined ac-

ships between modified Rankin Scale (mRS) and severity of SDB

cording to the normal protocol of stroke and TIA patients.

and other outcome measures in first ever stroke and TIA patients.

This research project was approved by an Ethical board of

The participants were categorized to three classes of OSA accord-

Hospital District of Southwest Finland. Participation to the study

ing the respiratory recording in acute phase (non-OSA is AHI < 5/

was optional, and the participant had to give their written informed

hr, mild OSA is AHI 5–15/hr, and OSA is AHI > 15/hr). Central

consent. The caregiver or relative could not give informed consent

sleep apnea (CSA) was not included in the final analysis because it

according to the Ethics committee.

is known to be the consequence of stroke decreasing after acute
phase (Parra et al., 2000). The assessed outcome measures are
mRS in different time points (prehospital, registration day, hospi-

2.2 | Assessment

tal discharge, and follow-up of 12 months), duration of hospitalization, and need of rehabilitation. We hypothesized that patients

Modified Rankin Scale (mRS) was assessed from full medical re-

with OSA have worse recovery causing higher need for rehabilita-

cords and was made by Neurologist blinded by AHI severity.

tion and longer duration of hospitalization. If these patients can

Disability was assessed with mRS before hospital admission, on

be recognized and tested earlier for OSA, faster initiation of CPAP

registration day (mRS0), at hospital discharge (mRSexit), and fol-

is possible.

low-up of 12 months (mRSfollowup). We assessed mRS in each

|
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patient in the different time points. The scale was divided to four

in this study as OSA. Patients with CSA were classified but not in-

categories: mRS 0, mRS 1–2, mRS 3–5, and mRS 6. The first cat-

cluded in the final analyzes.

egory of mRS 0 includes patients who are asymptomatic and mRS

To measure breathing during sleep, the respiratory device re-

1–2 includes patients who have slight disability or any symptoms

cords airflow using nasal cannulae that has two 1 cm long hoses that

from stroke but are independent in Activity of Daily Living (ADL)

are placed to the nostrils. The nasal cannulae are attached to a pres-

functions. The two categories are defined as favorable outcome.

sure-sensitive transducer located in the respiratory device fixed on

Modified Rankin Scale 3–5 includes patients who have higher

top of the patient's shirt. Two belts are used to detect physiological

disability meaning the patient needs help at least in some ADL

breathing efforts from thorax and abdomen. The efforts in belts pro-

functions and mRS 6 is death and these two categories are de-

duce changes in inductances of the coils wrapped inside the belts.

fined as nonfavorable outcome. Duration of hospitalization was

The belts are attached to the same device as the nasal cannulae, so

calculated from medical records and for analysis, it was divided to

the respiratory efforts are registered to the transducer. Monitoring

two groups, 2–4 days and 5–15 days. At the Neurologic ward, the

of respiratory events includes measuring the oxygen saturation

present study is conducted, 4.3 days have been the average time

(SaO2) with the finger probe pulse oximeter. In the modern devices,

spent in hospital. Thus, longer hospitalization (5–15 days) used

such as in NOX T3 used in the present study, the pulse oximeter has

in this study is over the average hospital stay. The information if

a wireless connection to the transducer that registers the oxygen

patient needed rehabilitation was retrieved from medical records

saturation events.

and rehabilitation included “basic” rehabilitation in rehabilitation
units of health care centers and in multidisciplinary advanced rehabilitation units.

2.3 | Sleep study

2.4 | Statistical analysis
Statistical analyses were performed using the SPSS software version
25.0. To compare stroke outcomes (mRS scale in four categories,
hospitalization time, and need for rehabilitation both in two cate-

All patients underwent overnight respiratory polygraphy on first

gory) between OSA, mild OSA, and non-OSA groups, independent

or second night, within 48 hr, after admission to stroke unit. In this

samples Kruskal–Wallis test was used. p value <.05 was considered

study, the recordings were made with NOX T3 wireless recorder

as statistically significant result.

(Copywright Nox Medical). The device measures ECG with a sampling frequency of 200 Hz, airflow with nasal cannulae, oxygen saturation with plethysmography, snoring sound, and breathing effort.

3 | R E S U LT S

Nocturnal respiratory recording measures respiratory events during
sleep. It does not include EEG.

Altogether, 102 patients with acute ischemic stroke or TIA referred

The recording devices were inserted in the afternoon for prac-

to the stroke unit in our Hospital were included in the present

tical reasons, except the nasal cannulae which were placed before

study. Five patients were not analyzed due to technical problems

patient was going to sleep. The positioning of the nasal cannulae was

or devices were detached. Two patients were excluded because of

done by the nurses. In the morning the Scientist helped the patient

wrong diagnosis (intracerebral hemorrhage and glioma). The baseline

to take off the equipment and the data was later downloaded into

characteristics of patients are illustrated in Table 1. Mean ages in

the software for analysis. The analysis of the recordings was ana-

each OSA group are quite similar. The proportion of males is 68%

lyzed by Clinical Neurophysiologist.

in both mild OSA and OSA patients compared to 42% of non-OSA

The data was scored for apneas and hypopneas according to the

patients. Mean BMI is higher in OSA group compared to non-OSA

recommendations of American Academy of Sleep Medicine (AASM

and mild OSA group. There are 19 patients (56%) in OSA group that

2012) and expressed as Apnea-Hypopnea Index (AHI; Berry et al.,

are nonobese and after age-adjustment, 23 patients (68%) in OSA

2012). The definition of apnea is at least 90% drop of airflow signal

group have normal BMI. Patients with OSA have higher mean sys-

lasting at least 10 s. Hypopnea is characterized by at least 30% drop

tolic blood pressure. There are same number of smokers in non-OSA

in the airflow signal for 10 s or more. A contemporary drop of 3% or

and OSA patients but only one in mild OSA group. The frequencies

more in the blood oxygenation level should be present as well for it

of reported snoring retrieved from BNSQ in each group are quite

to count as hypopnea or arousal. If simultaneous pause in breathing

similar. Barthel Index scale and NIHSS scores were assessed on the

effort measured by abdominal and thoracic belts occur, the apnea is

registration day and because of the inclusion criteria, the study con-

classified as central. Apnea-Hypopnea Index (AHI) indicates the se-

sisted mainly mild strokes and TIA patients and that can be seen in

verity of apnea. It is represented in number of apneas or hypopneas

high BI and low NIHSS scores on registration day. There are no dif-

per hour. Normal AHI is AHI < 5/hr whereas AHI ≥ 5/hr is considered

ferences in infarct locations in different OSA groups.

as disordered. In this study, patients having AHI less than 5/hr as

In total, 95 recordings were available for examination. A few

non-OSA and AHI 5 to 15/hr as mild OSA and AHI more than 15/

patients with OSA had a combination of OSA and CSA and were

hr which can be defined as moderate to severe OSA was classified

classified to OSA group and four patients had pure CSA and they
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non-OSA
n = 35 (38%)

mild OSA
n = 19 (21%)

OSA
n = 37 (41%)

Min–Max (Mean)

Min–Max (Mean)

Min–Max (Mean)

Age, years

42–86 (61)

46–78 (63)

42–85 (67)

Sex, male, n (%)

15 (42%)

13 (68%)

25 (68%)

18–40 (27)

22–32 (28)

23–41 (30)

BMI < 30, n

29

13

19

BMI ≥ 30, n

3

4

15

BMI age-adjusted,
BMI < 30, n

29

13

23

Blood pressure, systolic
mmHg

102–235 (153)

120–204 (157)

115–224 (70)

Blood pressure, diastolic
mmHg

54–111 (81)

63–116 (90)

51–136 (87)

Smoking, yes, n (%)

10 (29%)

1 (5%)

10 (27%)

Snoring (more than 1/
week) n (%)

20 (57%)

8 (42%)

16 (43%)

Barthel Index

30–100 (93)

0–100 (94)

0–100 (81)

NIHSS

0–8 (1.5)

0–7 (1.3)

0–18 (3)

Hypertension arterialis,
yes, n (%)

6 (45%)

7 (37%)

22 (59%)

Diabetes mellitus, yes,
n (%)

8 (22%)

3 (19%)

3 (8%)

Supratentorial, n (%)

29 (83%)

15 (79%)

30 (81%)

Infratentorial, n

6

4

7

Body mass index, kg/m
(mean)

2

TA B L E 1
patients

Baseline characteristics of 91

Location

Note: BMI calculated in 32 of non-OSA, 17 of mild OSA, and 34 of OSA patients. Blood pressure,
NIHSS and BI measured and assessed on registration day. Frequency of snoring reported in BNSQ
questionnaire.
Abbreviations: BI, Barthel Index; BMI, Body Mass Index; NIHSS, National Institute of Health Stroke
Scale; OSA, obstructive sleep apnea.

are not in included in following analyzes. According to registra-

registration day (p = .009) and on hospital discharge (p = .004).

tions, there are 37% (n = 35) non-OSA patients, 20% (n = 19) of pa-

There was no statistical difference in disability among patients in

tients have mild OSA and 39% (n = 37) have moderate/severe OSA

follow-up of 12 months (mRSfollowup).

(AHI > 15/hr) and 4% (n = 4) have CSA (Figure 1). The prevalence

In OSA patients, the need of rehabilitation is increased (p = .039).

of OSA defined as AHI > 15/hr is 39% and if mild OSA (AHI ≥ 5/

Out of 91 patients, 25% patients (n = 23) needed rehabilitation.

hr) is included, the frequency is 59%. Prehospital mRS was 0 (as-

Proportion of patients with OSA in rehabilitation unit is 65% (n = 15)

ymptomatic) in all except two patients who had mRS 2 because

compared to non-OSA patients 17.5% (n = 4) and mild OSA patients

of musculoskeletal diseases. There were no deaths (mRS 6) in fol-

17.5% (n = 4). Proportion of non-OSA patients who needed rehabil-

low-up of 12 months.

itation is 11% (n = 4). Proportion of mild OSA patients who needed

Patients with OSA have higher proportion of disability scores

rehabilitation is 21% (n = 4) and patients with OSA who needed re-

of mRS 3–5 compared to non-OSA and mild OSA patients on reg-

habilitation were 40% (n = 15; Figure 3). The difference between

istration day (mRS0, p = .009) and on hospital discharge (mRSexit

non-OSA and OSA is statistically significant (p = .033).

p = .004). In non-OSA and OSA group there are almost same num-

Hospitalization time is longer in OSA patients (p = .045). In non-

ber of patients but in non-OSA group number of mRS0 (asymp-

OSA patients, shorter duration of hospitalization (2–4 days) is found

tomatic) is high compared to OSA group. The number of higher

in 71% of patients and longer duration of hospitalization (5–15 days)

disability score of mRS 3–5 in non-OSA patients on registration

in 29% of patients. In mild OSA patients, 53% patients had shorter

day is 4 (11%) and in OSA group 14 (38%) and, respectively on

duration of hospitalization and 47% longer duration. In OSA patients,

hospital discharge 3 (9%) in non-OSA group and 13 (35%) in OSA

46% had shorter duration of hospitalization and 54% longer dura-

group (Figure 2). The differences are statistically significant on

tion of hospitalization (Figure 4). The difference in hospitalization

|
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F I G U R E 1 Flowchart of participants in
the present study

Screened n=102

Technically correct
recordings
N=95

CSA n=4

FIGURE 2

5 of 9

Non-OSA n=35

Technical error
N=5
Wrong diagnosis
N=2

Mild OSA n=19

The numbers of non-OSA, mild OSA, and OSA patients in each mRS group in 3 follow-up points

OSA n=37

6 of 9
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Need of rehabilitation was higher in patients with

length is statistically significant between OSA and non-OSA patients

F I G U R E 4 Duration of hospitalization (2–4 days or 5–15 days)
in different OSA groups. The proportion of longer hospitalization
(5–15 days) among OSA patients is seen 54% of patients compared
to 29% of non-OSA patients. p = .045

(p = .043).
tool than mRS scale used in our study. Menon, Sukumaran, Varma,

4 | D I S CU S S I O N

and Radhakrishnan (2017) had a study similar to ours, and they observed worse short-term and long-term recovery among stroke patients with moderate to severe OSA compared to non-OSA patients

The results in our study are comparable with previous studies, and

measured with NIHSS and mRS scores. The results are comparable

we have some novel and interesting observations. The prevalence

even if in our study NIHSS scores are lower in acute phase. Kim,

of OSA in the present study is 39% as defined by AHI > 15/hr and

Kim, Yang, Kim, and Kim (2015) found out that sleep disturbances

59% as defined by AHI ≥ 5/hr and 4% of patients have CSA. The

screened with questionnaires were related to worse short and long-

frequencies are similar to a Finnish study conducted by Väyrynen

term outcome. Another study by the same group observed that

et al. (2014) with 42 mild ischemic stroke and TIA patients tested in

sleep disturbances affect outcome even in patients with mild strokes

stroke unit. Another Finnish study by Huhtakangas, Huhtakangas,

(Kim et al., 2017).

Bloigu, and Saaresranta (2017) found high frequencies of OSA,

Second, an interesting observation in our study is the high need

over 85% (AHI ≥ 5/hr) in acute patients with and without throm-

of rehabilitation in patients with OSA. There are 40% of patients

bolysis. Johnson and Johnson (2010) made a meta-analysis of 29

with OSA who needed rehabilitation compared to 11% of non-OSA

studies with 2,343 ischemic or hemorrhagic stroke and TIA pa-

patients. In mild OSA patients, the need of rehabilitation is 21%. The

tients and the frequency of SDB was 72% (AHI > 5/hr) and 38%

differences are statistically significant. Furthermore, we observed

(AHI > 20/hr).

high proportion of patients with OSA in patients in need of rehabil-

First, the important finding in this study is that the patients with

itation (65%) compared to non-OSA patients (17.5%) and mild OSA

OSA have higher proportion of nonfavorable disability scores com-

patients (17.5%). In the study by Kaneko et al. (2003), prevalence of

pared to non-OSA and mild OSA patients on registration day and

patients with OSA admitted to rehabilitation unit was 72% as de-

at hospital discharge. Despite our preliminary hypothesis, we could

fined by AHI over 10/hr.

not show significant difference at disability at 12 months between

With respect to our third outcome measure, duration of hos-

the OSA groups. The results suggest that OSA could predispose

pitalization, we found that almost half of the patients (54%) who

as a risk factor with harmful consequences to more severe infarct

have OSA in acute phase, had longer duration of hospitalization

and may affect stroke recovery during the first days. This finding is

(5–15 days). In non-OSA patients, approximately, every fourth (29%)

observed in our study even if there are mainly mild strokes. More

have longer hospitalization and the difference is statistically signif-

than third, 38% of OSA patients have higher disability on registra-

icant. Shorter hospital stay, 2–4 days is under the average hospital-

tion day compared to 11% of non-OSA patients with higher disabil-

ization time in the neurologic ward this study was conducted. There

ity. Further, on hospital discharge, still 35% of OSA patients have

are previous studies on the relationship between OSA and duration

higher disability compared to only 9% of non-OSA patients. The

of hospitalization. In the study conducted by Kaneko et al. (2003),

differences are statistically significant. The same phenomenon has

the main finding was that severity of OSA was correlated to both

documented in previous studies. Kaneko et al. (2003) had a finding

total length of hospitalization and to length of hospitalization in

that patients with OSA have worse functional capacity measured

rehabilitation unit. Selic, M. Siccoli, Hermann, and Bassetti (2005)

with Functional Independence Measure score (FIM) at admission

found an association between severity of OSA and duration of hos-

and at hospital discharge. The FIM is a more detailed assessment

pitalization in acute stroke patients.

|
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We could not show difference in long-term outcome between

Bixler et al., 2001; Javaheri et al., 1998; Young et al., 2002). The same

the groups. We assume the reason for this is that in our stroke co-

phenomenon is seen in stroke patients with sleep apnea as they do

hort we have mostly TIA and minor stroke patients, and the recovery

not report same amount of excessive sleepiness and have lower BMI

is usually favorable in these patients. In addition, contrary to many

values than sleep apnea patients without stroke (Arzt, Young, Finn,

studies, we conducted the registration in acute phase, during 72 hr

Skatrud, & Bradley, 2005). In our study, half of OSA (56%) patients

after hospital admission. For example, in the quite similar study by

are nonobese and if age-adjusted BMI is used, two thirds (68%) of

Kaneko et al. (2003), the registration was done 44.6 ± 3.1 days after

OSA patients are normal weight meaning that even these patients

hospital admission. Obstructive sleep apnea is known to improve

might have SDB and they can have worse outcome. Our study sug-

after acute phase of stroke.

gests that the stroke patients with higher disability are more prone to

In our study we used AASM criteria for classifying severity of

have OSA, and they can be registered during acute phase. According

OSA, therefore the results can be compared with other similar stud-

to our study, there is no difference if the patients with higher disabil-

ies. Further, the registrations in our study were done with more

ity are recognized and tested for OSA during the first days after ad-

qualified portable wireless recorder with is approved by AASM

mission or at hospital discharge. In addition, the stroke patients who

guidelines (Berry et al., 2012). In addition, in our study the patients

need rehabilitation are also at a high risk of having OSA and could

were registered in acute phase, during 72 hr of hospital admission.

be tested. Several studies on early CPAP treatment in stroke patient

Even if we had mostly patients with minor strokes with low NIHSS

with OSA have shown possible positive effects on stroke recovery

and mRS scores and Finnish ischemic stroke cohort, the results are

and evolution and proven to be feasible with a compliance of 40%–

comparable with the study by Kim et al. (2015) with higher NIHSS

60% (Bravata et al., 2011; Minnerup et al., 2012; Parra et al., 2011;

scores and Asian cohort.

Ryan, Bayley, Green, Murray, & Bradley, 2011).

The potential limitations of our study can be the assessment of
mRS scores retrospectively from medical records. In Finnish Health
Care system, the medical records are electronic and accessible in

5 | CO N C LU S I O N

most of regional Hospitals and in Health Care centers. The medical
reports usually include information on the patients’ ability to walk,

In conclusion, our observations in a Finnish stroke unit cohort are

possible support or help in ADL functions or use of social services for

comparable with previous studies even in mainly mild stroke and TIA

ADL or IADL functions. In addition, information on possible cognitive

patients tested in acute phase. SDB and especially OSA is common in

decline can be found in many medical records. We assessed NIHSS

stroke and TIA patients. Sleep apnea has influences in many aspects

and BI score at registration day and decided to use mRS instead of

of stroke care by causing higher disability and need for rehabilita-

BI as a follow-up measure. Modified Rankin Scale is more sensitive

tion and can prolong hospitalization. OSA is not routinely screened

and useful outcome measure to show differences in mild strokes

among stroke patients even if it is a known risk factor. Because of

with minor neurologic deficits (Weimar et al., 2002). According to

limited resources in Finnish health care, not all stroke and TIA pa-

the inclusion criteria, mainly mild strokes and TIA patients could be

tients can be registered. Based on the findings in our study, pre-

included because no proxy was accepted to give informed consent.

screening tools for stroke patients suggesting for presence of OSA

The patients with moderate or severe stroke who were co-operative

could be planned. In addition to patients with recognizable risk fac-

and communicative could be recruited. In a cohort of more severe

tors and symptoms for OSA, according to our study, it might be rea-

strokes, there could be more technical problems because of eventual

sonable to evaluate the stroke patients with higher disability and the

poor co-operation during the registration.

ones referred to rehabilitation unit. If the diagnosis of OSA can be

Obstructive sleep apnea is known to precede the stroke un-

made in stroke unit within first days after stroke onset, the initiation

like CSA that is a consequence of stroke (Bassetti & Aldrich, 1999;

of CPAP treatment could be done during the hospitalization for pos-

Bassetti et al., 1996; Parra et al., 2000). OSA is causing cerebral hy-

sible better recovery.

poxia by recurrent apneas and hypopneas and by reduced cardiac
output (Bålfors & Franklin, 1994; Sahlin et al., 2008; Somers, 2008).
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the high need of rehabilitation among these patients. The patients
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