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OBJECTIVE: To analyze the prevalence of sleep-disordered
breathing in patients with acute ischemic stroke and the in-
fluence of the characteristics of the stroke and time of onset.

PATIENTS AND METHODS: Polysomnography was performed
with an Autoset Portable Plus II in 139 patients within 72
hours of the onset of symptoms. Standard polysomnographic
data, signs and symptoms related with sleep apnea-hypopnea
syndrome (SAHS) prior to ischemic stroke, vascular risk
factors, and characteristics and onset time (day/night) of 
ischemic stroke were recorded. The polysomnographic data
were compared with results published for subjects of a similar
age in the general population.

RESULTS: The mean age was 73.6 (SD 11.1) years (59% of
the patients were men). Prior to the stroke, 64.7% of the pa-
tients snored, 21.6% presented repetitive sleep apneas, and
35.6% had daytime sleepiness. The mean apnea-hypopnea
index (AHI) was 29.1 (17.9) episodes/hour, the obstructive
component of which was 20.1 (15.7) episodes/hour. Five pa-
tients presented Cheyne-Stokes breathing. The AHI (for all
cut-points from 5 to 50), chronic snoring, and daytime slee-
piness were significantly greater than those published for
the general population. The stroke characteristics showed
no significant differences between daytime and nighttime
onset. Nighttime stroke (60.4%) was associated with a signif-
icantly higher AHI (33.3 compared to 24.7 episodes/ hour)
mainly because of obstructive apneas. Nighttime stroke was
also associated with a greater nighttime desaturation and a
greater probability of SAHS symptoms prior to stroke (odds
ratio, 2.62). In contrast, there were no differences in vascular
risk factors between daytime and nighttime stroke onset.

CONCLUSION: The prevalences of sleep-disordered breath-
ing with clinical signs and symptoms of SAHS were high in
this population of patients with acute ischemic stroke.
Patients with nighttime stroke had more obstructive sleep-
disordered breathing and a higher clinical probability of
obstructive SAHS before stroke. These findings support the
hypothesis that obstructive SAHS is a risk factor for
ischemic stroke, particularly for strokes presenting at night.
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Prevalencia de trastornos respiratorios durante 
el sueño en pacientes con ictus isquémico agudo. 
Influencia del momento de aparición del ictus

OBJETIVO: Analizar la prevalencia de trastornos respira-
torios durante el sueño en pacientes con accidente cerebro-
vascular isquémico agudo (ACVI) y la influencia de las ca-
racterísticas y el momento de aparición del ictus.

PACIENTES Y MÉTODOS: Se realizó una poligrafía respiratoria
(Autoset Portable Plus II) en 139 pacientes con ACVI en las
primeras 72 h desde el inicio de los síntomas. Se recogieron 
los datos poligráficos habituales, síntomas y signos relaciona-
dos con el síndrome de apnea-hipopneas del sueño (SAHS)
previos al ACVI, factores de riesgo vascular y características y
momento de aparición (diurno/nocturno) del ACVI. Los resul-
tados poligráficos se compararon con los publicados para indi-
viduos de edad semejante de la población general.

RESULTADOS: La edad media (± desviación estándar) fue de
73,6 ± 11,1 años (el 59% eran varones). Antes del ictus, el
64,7% de los pacientes eran roncadores, el 21,6% presentaba
apneas nocturnas repetidas y el 35,6%, somnolencia diurna. El
índice medio de apneas-hipopneas fue de 29,1 ± 17,9, con un 
índice de apneas obstructivas de 20,1 ± 15,7. Cinco pacientes
presentaron patrón de Cheyne-Stokes. El índice de apneas-hi-
popneas (para todos los puntos de corte estudiados; de 5 a 50),
la roncopatía crónica y la hipersomnia diurna fueron significa-
tivamente mayores que los encontrados en población general.
No hubo diferencias significativas según las características del
ACVI. Los ACVI nocturnos (60,4%) mostraron de forma sig-
nificativa un mayor índice de apneas-hipopneas (33,3 frente a
24,7) a cargo fundamentalmente de las apneas de carácter obs-
tructivo, así como una mayor desaturación nocturna y una ma-
yor probabilidad clínica de presencia de SAHS antes del ictus
(odds ratio de 2,62). No hubo, sin embargo, diferencias con res-
pecto a los factores de riesgo vascular estudiados.

CONCLUSIÓN: En nuestra serie hubo una alta prevalencia de
trastornos respiratorios durante el sueño y de clínica relacionada
con SAHS en pacientes con ACVI agudo. Los ictus nocturnos
presentaron un mayor número de trastornos respiratorios del
sueño de carácter obstructivo y una mayor probabilidad clínica
de SAHS previo. Nuestro estudio apoya la hipótesis de un SAHS
obstructivo previo al ictus que podría funcionar como factor de
riesgo, sobre todo en las formas de aparición nocturna.

Palabras clave: Prevalencia. Síndrome de apneas-hipopneas du-

rante el sueño. Ictus nocturno. Ictus isquémico.
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Introduction

There is growing evidence that sleep apnea-
hypopnea syndrome (SAHS) is an independent risk
factor for hypertension1,2 and other cardiovascular
diseases,3,4 but its association with cerebrovascular
diseases is more controversial.5 Ever since Partinen and
Palomaki6 established a possible association between
chronic snoring and ischemic stroke in 1985,
unexpectedly high prevalences of both chronic snoring
and SAHS have been reported in such patients,
predominantly in case-controlled studies.7-13 A recent
large cross-sectional study of a general population
showed a positive linear relationship between the
number of nighttime respiratory events and the
probability of suffering ischemic stroke,4 though a
number of factors may have affected the reliability of
the results. These include lack of agreement on the
definition of SAHS, confounding variables such as age,
hypertension or other risk factors common to both
pathologies, and differences in the timing of the
diagnostic study with respect to the onset of the
cerebrovascular event.

It is even less clear whether SAHS is a risk factor for
stroke or whether stroke causes SAHS. The importance
of the type of respiratory event is also unclear. The site,
severity, or time of onset of stroke may also affect the
type of respiratory event. The findings of some studies
suggest that SAHS occurs before stroke and so can be
considered a risk factor for stroke. For example,
patients who suffer a stroke are more likely to have
been snorers,7 the severity and type of stroke does not
influence the frequency of nighttime respiratory
events,10,11 and there is a high proportion of obstructive
episodes with few central-type events in either the acute
or stable phases of stroke.12 Other studies report
predominance of obstructive episodes but with
numerous central apneas and many patients who
experience Cheyne-Stokes breathing. Both types of
event might be caused by the stroke itself.13 The most
plausible explanation for these discrepancies would be
the presence of both mechanisms (SAHS as a risk
factor and a consequence of stroke) with weighting
based on the number and type of apneas. It is also
known that half of strokes occur at night and that their
causes are unknown.14

The objective of the present study was to analyze the
prevalence of different types of sleep-disordered
breathing during the acute phase of stroke and the
influence of the characteristics and time of onset of the
stroke on respiratory events.

Patients and Methods

All patients admitted to our hospital in 2002 for acute
ischemic stroke were enrolled in the study. Patients with a
substantial decrease in the level of consciousness (Glasgow
coma score <8), those in critical condition, those with
underlying terminal diseases or in need of urgent admission

to the intensive care unit, those with nighttime respiratory or
heart failure, or those who regularly took mood-altering
drugs (such as benzodiazepines and their derivatives) were
excluded from the study. Patients who refused to give
informed consent to perform the necessary
polysomnography study and those whose onset of symptoms
was more than 72 hours before admission to our hospital
were also excluded. A neurologist diagnosed stroke by
evaluations of the neurological deficit and computed
tomography scans performed within hours of the patient’s
admission to our emergency department and some days
later. For all patients, we recorded the type of stroke
(transient ischemic attacks or documented cerebrovascular
accident), extent (lacunar or non-lacunar) and site (right
hemisphere, left hemisphere, vertebrobasilar, or
undetermined) according to widely accepted diagnostic
criteria.15 We also recorded whether the patient had suffered
prior stroke and the timing of onset of symptoms (“1” if
stroke occurred during sleep or on waking; “0” if it occurred
during the rest of the day). The clinical outcome and severity
of the stroke at the time of admission were assessed with
extensively validated scales. The Barthel Index, which
ranges from 0 to 100, provided an assessment of the
patient’s degree of autonomy in activities of daily living,
with a score of 100 indicating that the patient is completely
autonomous. The Canadian scale was used to assess the
severity of stroke on a scale ranging from 0 (most severe) to
10 (least severe) and the Glasgow coma scale to assess level
of consciousness of the patient, with increasing
consciousness reflected by a score ranging from 3 to 15. We
collected information on the following vascular risk factors:
smoking habit, hypertension (as defined by the criteria of the
World Health Organization16 or antihypertensive agents
taken), hypercholesterolemia (>250 mg/dL), diabetes
mellitus, atrial fibrillation, ischemic heart disease, and
fibrinogen concentration (mg/dL) in peripheral blood. The
clinical characteristics relevant to SAHS prior to stroke were
gathered with a questionnaire that offered the patients a
series of alternatives for each question. The patients were
questioned on chronic snoring (every night, usually/most
nights, sporadically/few nights, never, or don’t know);
nighttime apneas (frequency: every night, usually/most
nights, sporadically/few nights, never, or don’t know;
repetition: many episodes in the same night, few episodes in
the same night, don’t know), daytime sleepiness assessed
with the Epworth scale validated in Spanish,17 and
anthropometric and general variables (age, sex, body mass
index in kg/m2, and neck circumference in centimeters).
Snoring was considered to be clinically significant if it
appeared every night or most nights. Clinically significant
apneas were those witnessed every night or most nights or
those repeatedly witnessed on the same night. A patient was
considered to have a high clinical probability of suffering
SAHS if he or she presented 2 of the main symptoms of the
syndrome, namely, chronic snoring, witness of repeated
apneas, or clearly pathological daytime sleepiness (Epworth
Score >12).18

All patients finally enrolled underwent polysomnography
with an Autoset Portable Plus II (ResMed, Sydney,
Australia) within 72 hours of the onset of symptoms. In
diagnostic mode, the Autoset apparatus can record different
respiratory variables and heart rate with continuous positive
airway pressure. We measured nasal flow with a nasal
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cannula equipped with a pressure transducer and oxygen
saturation with a digital pulse oximeter. The number of
apneas was determined for a given position of the patient by
a body sensor and thoracoabdominal movements were
recorded with an elastic thoracoabdominal belt with a
piezoelectric sensor. The Autoset software (Autoview 98,
version 2.0) automatically and independently calculated the
apnea-hypopnea index (AHI), the apnea index, and, from
the difference between these, the hypopnea index. We
classed the type of apnea as central, mixed, or obstructive
from the respiratory effort determined by the
thoracoabdominal belt. Decreases in nasal flow to below
75% for more than 10 seconds indicated apnea, whereas a
decrease to between 50% and 75% for more than 10
seconds indicated hypopnea. Every apnea was classed
manually according to the following guidelines. Apnea was
central if there was no movement of the thoracoabdominal
belt and no perceptible nasal flow. If movements of the
thoracoabdominal belt were detected, the respiratory
episode was considered obstructive. The apnea was classed
as mixed if it began with the characteristics of central apnea
but finished with those of obstructive apnea. The AHI was
defined as the number of respiratory events (apneas or
hypopneas) recorded per hour. Cheyne-Stokes breathing
was defined by the appearance of the characteristic
respiratory pattern of increasing-decreasing central apnea as
assessed by movement of the thoracoabdominal belt for
more than 10% of the total recorded time, in accordance
with guidelines of the Spanish Society of Pneumology and
Thoracic Surgery (SEPAR).19 Nighttime desaturation and
nighttime time with oxygen saturation below 90% were also
recorded. All data were calculated as a function of the total
recorded time. All tests were performed in appropriately
adapted rooms of our hospital by trained staff. On the
morning after the polysomnography study, the patient
completed a questionnaire on how long he or she had slept
(in hours) and the subjective quality of that sleep (good,
average, bad) with the help of a family member if
necessary. Studies were considered valid if the patient had
had an average or good sleep of at least 3 hours. The studies
were not considered valid if the recorded time was less than
3 hours because the device had failed or been disconnected
by the patient. In this case, the polysomnography was
repeated. Patients with a negative polysomnography study
but with a high clinical probability of SAHS or pathological
daytime sleepiness were referred to another center for a full
polysomnography study. Diagnosis of SAHS was made
according to 2 cut-points in the AHI (≥10 and ≥20). An
Epworth score exceeding 10 points indicated pathological
daytime sleepiness.

Statistical Analysis

The SPSS 9.0 package for Windows (SPSS, Chicago, IL,
US) was used for the statistical analysis. For quantitative
variables, the mean (SD) value was calculated, whereas
qualitative variables were presented as absolute values and
percentages. Means were compared with the Student t-test if
the variables were normally distributed (according to the
Kolgomorov-Smirnov test), otherwise the Mann-Whitney
non-parametric U test was applied. The χ2 test was applied
to qualitative variables. The results of prevalence of sleep-
disordered breathing and symptoms related to SAHS in

patients with acute stroke were compared with results
published for the general population with adjustment for age
by the z test for comparison of 2 proportions. Risk was
determined by odds ratios with 95% confidence intervals.
For all tests, a P value less than .05 was considered
statistically significant.

Results

Of the 164 patients who were admitted with
diagnosis of acute stroke in 2002, 3 were excluded from
the study due to daytime respiratory or heart failure, 3
due to chronic use of benzodiazepines, 6 due to extreme
severity of the stroke or short-term underlying terminal
diseases, and 5 because they were admitted directly to
the intensive care unit. In addition, 4 patients were
excluded because they died within 24 hours of
admission, 4 because the onset of symptoms occurred
more than 72 hours before admission, and 1 because he
refused to give informed consent to perform the
polysomnography study. Thus 139 patients were finally
enrolled in the study (59% men) with a mean age of
73.6 (11.1) years (range: 38-87 years). The time
between onset of symptoms and the polysomnography
study was 1.4 (0.8) days. The study population
presented the following cardiovascular risk factors: 81
patients (58.3%) had hypertension, 27 (19.4%) atrial
fibrillation, 43 (31%) diabetes mellitus, 17 (12.2%)
ischemic heart disease, 29 (21%) hypercholesterolemia,
78 (56.1%) were smokers or ex-smokers, and the mean
concentration of fibrinogen in peripheral blood was 326
(91) mg/dL. Thirty-two patients (23%) had suffered at
least 1 stroke prior to entry in the study. Table 1 shows
the characteristics of the strokes suffered by the patients
and their clinical effects. Table 2 shows the prevalence
of signs and symptoms related to SAHS and the results
for the polysomnographic variables. Eight patients had
a negative result from the Autoset polysomnography
study despite having a high clinical suspicion of SAHS,
so they underwent full polysomnography. In 3 patients,
the results of this study were normal. A further 3
patients presented a syndrome of increased upper
airway resistance, 1 presented signs and symptoms
compatible with narcolepsy, and the remaining patient
had SAHS (AHI=23). Stroke occurred during sleep or
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TABLE 1
Characteristics and Severity of Acute Ischemic Strokes*

TIA/CVA 32 (23%)/107 (77%)
Lacunar stroke 44 (31.6%)
Site

Left hemisphere 49 (35.3%)
Right hemisphere 45 (32.4%)
Vertebrobasilar 16 (11.5%)
Undetermined 29 (20.9%)

Nighttime stroke 84 (60.4%)
Canadian Scale (0-10 points)† 7.6 (2.4)
Glasgow Coma Scale (3-15 points)† 14.3 (1.7)
Barthel Index (0-100 points)† 69 (36)

*TIA indicates transient ischemic attack; CVA, documented cerebrovascular
accident. †Mean (SD).



within an hour of waking in 60.4% of the patients.
The figure compares the prevalence of sleep

disordered breathing defined by AHI cut-points
between 5 and 50 episodes/hour and clinical findings
related to SAHS with a study in the general population
after adjustment for age (individuals between 71 and
100 years old).20

Neither clinical signs of SAHS prior to stroke nor the
polysomnographic variables did not varied significantly
by site (P=.89) or extent (P=.3) of stroke. However, AHI
values tended to be higher for patients with documented
cerebrovascular accidents than for those with transient
ischemic attacks. This difference approached statistical
significance (AHI of 31.9 [19] for documented
cerebrovascular accidents versus 26.3 [15.6] for
transient ischemic attacks; P=.06). Likewise, differences
between documented cerebrovascular accidents and
transient ischemic attacks approached significance for
the central apnea index (2.9 [2.2] versus 1.9 [2.2];
P=.09) and nighttime desaturation (percentage of
recorded time with hemoglobin saturation below 90%:
10.4 [17] versus 5.8 [18.1]; P=.1).

Patients who presented with stroke during sleep or in
the first hour after waking had a significantly higher
AHI compared to those with daytime stroke (33.3
[19.4] versus 24.7 [17.9]; P=.01) due largely to the
obstructive component (obstructive apnea index: 23.3
[16.4] versus 16.9 [18.2]; P=.02). This difference was
particularly significant in the subgroup of patients with
AHI greater than 30 (n=68; mean AHI: 47.3 [9.9]
versus 34.1 [12.2]; P=.007) with an obstructive apnea
index of 38.1 [11.7] versus 25.5 [13.9] (P=.009). These
patients also showed longer nighttime desaturation.
Moreover, prior to stroke, patients with nighttime onset
of stroke tended to be snorers, and had greater daytime
sleepiness, a higher body mass index, and a larger neck
circumference. These patients therefore had a
significantly higher clinical probability of suffering
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TABLE 2
Polysomnography Results and Clinical Signs Related to

Sleep Apnea-Hypopnea Syndrome Prior to Stroke in
Patients With Ischemic Stroke*

Chronic snoring 90 (64.7%)
Witnessed apneas 30 (21.6%)
Neck circumference (cm)† 40.4 (6.1)
BMI, kg/m2† 28.6 (4.4)
Epworth Score >10 49 (35.6%)
Total AHI† 29.1 (17.9)
Obstructive AI† 20.1 (15.7)
Central AI† 2.4 (2.3)
HI† 5.25 (7.2)
Cheyne-Stokes breathing 5 (3.6%)
T90† 8.1 (17.9)

*BMI indicates body mass index; AHI, apnea-hypopnea index; AI, apnea index;
HI, hypopnea index; T90, percentage of recorded time with hemoglobin
saturation below 90%. †Mean (SD).

CS DS AHI >5 IAHI >10 AHI >20 AHI >30 AHI >40 SAHS– 10 SAHS– 20AHI >50
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24.4%
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0

P<.05 for All Pairs of
Proportions

Acute Stroke
(73.6 [11.1] years)
(n=139)

General Population
(77.3 [5.8] years)
(n=435)

*BMI indicates body mass index; RWA, repeated witnessed apnea, AHI, apnea-
hypopnea index; AI, apnea index; HI, hypopnea index; T90, percentage of
recorded time with hemoglobin saturation below 90%; HCP-SAHS, criteria of
high clinical probability of suffering sleep apnea-hypopnea syndrome prior to
stroke. †Mean (SD).

TABLE 3
Comparison of Clinical Parameters of Sleep 

Apnea-Hypopnea Syndrome and Polysomnographic
Variables Between Patients who Suffered Ischemic Stroke

During Sleep and Those With Daytime Onset*

Nighttime stroke Daytime strokeParameter (n=82) (n=57) P

Age, years† 73.1 (9.9) 74.1 (10.7) NS
BMI, kg/m† 9.6 (4.9) 7.6 (4.3) NS
Neck circumference, cm† 41.1 (7.4) 39.6 (6.2) NS
Epworth Score >10 30 (36.6%) 19 (33.4%) NS
Chronic snoring 55 (67.1%) 35 (61.4%) NS
RWA 20 (24.4%) 10 (17.5%) NS
Total AHI† 33.3 (19.4) 24.7 (17.9) .01
Obstructive AI† 23.3 (16.4) 16.9 (18.2) .02
Central AI† 3.2 (1.8) 1.7 (1.5) NS
HI† 6.9 (7.8) 3.6 (6.4) NS
T90† 11.1 (22.1) 5.2 (15.3) .01
HCP-SAHS 42 (51.2%) 13 (22.8%) .004

Figure. Prevalence of nighttime respiratory
episodes and clinical symptoms related to
sleep apnea-hypopnea in patients who have
suffered acute ischemic cerebrovascular
accident. Comparison with general elderly
population.
CS indicates chronic snoring; DS, daytime
sleepiness (Epworth Score >10 points);
AHI, apnea-hypopnea index; SAHS-10,
sleep apnea-hypopnea syndrome defined as
AHI >10 and an Epworth Score >10;
SAHS-20, sleep apnea-hypopnea syndrome
defined as AHI >20 and an Epworth
Score>10.



SAHS before the neurological episode (odds ratio: 2.62;
95% confidence interval: 1.23-5.58; P=.01) according
to our definition of “high suspicion of SAHS” in this
study. There were, however, no differences in vascular
risk factors (including hypertension), strokes prior to
the current episode, or severity or clinical outcome of
the stroke.

Discussion

We found a greater prevalence of various types of
sleep-disordered breathing and SAHS in patients with
acute stroke than in the age-matched general
population. Patients who suffered the cerebrovascular
event during sleep or the first hour after waking had
obstructive respiratory events more often and a greater
percentage of clinical signs and symptoms indicative of
SAHS, suggesting that obstructive SAHS is present
before the appearance of stroke.

Several case-controlled studies have assessed the
relationship between chronic snoring and ischemic
stroke, though their findings have been contradictory.8-13

When confounding variables such as age,
hypertension, or body mass index are taken into
account (odds ratio between 1 and 2) the relationship
between chronic snoring and ischemic stroke is weaker
but remains significant. But when chronic snoring was
added to the presence of other main symptoms of
SAHS, such as witnessed apneas or pathological
daytime sleepiness, a stronger relationship was seen.21

Studies show greater agreement regarding the increase
in number of pathological respiratory episodes during
sleep (normally assessed by AHI and measurements of
nighttime desaturation) in patients with acute stroke
compared to the age-matched general population.22 Our
results also confirmed this association, particularly as
the mean age of our patients was actually slightly
lower than that of the general population used for
comparison. In the published studies, the frequency of
these events varies greatly according to the study
characteristics, the diagnostic device used, and the time
elapsed between stroke onset and the diagnostic
polysomnography. Further variation arises because of
differences in the patient characteristics. The type of
respiratory event (obstructive or central) is more
controversial. Central apneas or Cheyne-Stokes
breathing could be the result of the hemodynamic
abnormalities due to the acute stroke itself in patients
with no relevant heart disease. Prior SAHS could
therefore lead to more obstructive apneas. Some
authors suggest that the increase in obstructive apneas
is due to loss in pharyngeal muscle tone in patients
with stroke.19 Thus the stroke itself becomes a cause of
this type of respiratory episode. Nevertheless, the high
clinical probability of SAHS before stroke and the
larger number patients with stroke onset during the
night (when cerebral gasometric and hemodynamic
abnormalities are most pronounced) would point to
prior obstructive SAHS. Hui et al12 found that 49% of

the stroke patients had an AHI over 20 and 31% had an
AHI over 30% in the first 24 hours after stroke, with a
clear predominance of obstructive apneas—the central
apnea index was only 5 (7.6) out of a total AHI of 32.3
(17.6). In contrast, Parra et al13 reported 28% of a total
of 161 patients with stroke had an AHI over 30, also
with a predominance of obstructive episodes, but more
central apneas than obstructive apneas (central apnea
index of 5.6 [10.1] versus obstructive apnea index of
4.5 [8.4]) and a high proportion of patients with
Cheyne-Stokes breathing (26.1%). Our results agree
more closely with those of Hui et al12; that is, our
patients have few central-type events and the Cheyne-
Stokes breathing pattern occurs infrequently though it
is more common at certain AHI values. This could be
influenced by the difficulty of separating central
apneas from Cheyne-Stokes breathing and the different
diagnostic devices used.

Several studies seem to show that both AHI and the
measures of nighttime desaturation are unrelated to the
type, extent, severity, or site of the stroke.10,11,13 The
conclusions that can be drawn from these studies may
be limited because patients with less severe strokes
(normally transient ischemic attacks) were included in
the study but those with the most severe strokes were
excluded. Our study, despite similar limitations, did
show a non-significant tendency for patients with more
severe stroke (documented cerebrovascular accident
with worse neurological indices) to have a larger AHI
as a function of both the number of obstructive episodes
and greater nighttime desaturation. No differences were
found for extent or location of the stroke. 

A more detailed examination of our results reveals a
significantly higher prevalence and greater severity of
nighttime respiratory episodes in patients with onset of
stroke at night or within an hour of waking, regardless
of the severity or site of the stroke. The results for the
influence of timing of stroke onset in the circadian cycle
on the frequency and severity of the sleep disordered
breathing are contradictory.14,22 Stroke is known to occur
more often during sleep or early in the morning, but no
satisfactory explanation has emerged.14,23 Many of these
patients presented clinical signs and symptoms highly
indicative of prior obstructive SAHS. Although separate
analysis of each one of the symptoms related to SAHS
showed no statistically significant differences between
daytime and nighttime onset, all these symptoms
appeared more often in patients with nighttime onset of
stroke. However, no noteworthy differences were seen
for cardiovascular risk factors, severity or clinical
outcome of the stroke, or prior strokes. These
differences were particularly pronounced in the
subgroup of patients with AHIs over 30, supporting the
hypothesis that patients with nighttime onset of stroke
are more likely to suffer undiagnosed obstructive SAHS
before the cerebrovascular event. Thus obstructive
SAHS can be considered a risk factor or trigger for
stroke.24 Netzer et al24 demonstrated substantial
hemodynamic abnormalities in the medial cerebral
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artery during episodes of obstructive apnea or hypopnea
with resultant oxygen desaturation. Such abnormalities
occurred less often with central apneas. These findings
might help explain why the prevalence of nighttime
strokes is higher with increased AHI.

We performed respiratory polysomnography with
the Autoset Portable Plus II, a device that has been
extensively validated in the literature for different AHI
cut-points and has produced excellent results for
populations with a high pretest prevalence of SAHS,25-

30 such as in our population of patients with ischemic
strokes. Full polysomnography still remains the test of
reference for diagnosing SAHS. Our use of the Autoset
device may limit the interpretation of the findings of
the present study, particularly as it only has 1
thoracoabdominal belt for the identification of central
apneas. Special care was nevertheless taken to repeat
tests in which the patient claimed to have slept less
than 3 hours in an attempt to reduce the error due to
lack of objective measurement of sleep. Moreover,
patients with negative respiratory polysomnographic
results but clinical signs and symptoms highly
indicative of SAHS were referred to another clinic for
a full polysomnography study. We also recognize that
the present study has no control group that would
allow risk measurements to be established. Instead, we
compare prevalence of events in our population with
the general elderly Spanish population (71-100 years
of age) described by Durán el al20 to correct as far as
possible for the known increase in respiratory disorders
with age. We conclude that there is a high prevalence
of mainly obstructive sleep-disordered breathing and
clinical signs and symptoms related to SAHS in our
stroke patients, particularly when the onset of stroke is
at night. These patients show clinical signs and
symptoms more indicative of prior SAHS, but the
prevalence of other cardiovascular risk factors is not
greater, suggesting that obstructive SAHS is present
before the onset of stroke and that obstructive SAHS
can be considered as a risk factor for stroke. We
believe that active screening for clinical signs and
symptoms indicative of SAHS by detailed and specific
questioning is necessary in patients who have suffered
a stroke.

Acknowledgments

We would like to thank the company Air Liquide for
collaborating in the present study.

REFERENCES

1. Peppard PE, Young T, Palta M, Skatrud J. Prospective study of
the association between sleep-disordered breathing and
hypertension. N Engl J Med 2000;342:1378-84.

2. Nieto FJ, Young T, Lind BK, Shahar E, Samet JM, Redline S, et
al. Association of sleep apnea, and hypertension in a large
community-based study. JAMA 2000;283:1829-36.

3. Leung RST, Bradley D. Sleep apnea and cardiovascular disease.

Am J Respir Crit Care Med 2001;164:2147-65.
4. Shahar E, Whitney CW, Redline S, Lee ET, Newman AB, Nieto

FJ, et al. Sleep-disordered breathing and cardiovascular disease.
Cross-sectional results of the Sleep Heart Health Study. Am J
Respir Crit Care Med 2001;163;19-25.

5. Young T, Peppard E, Gottlieb DJ. Epidemiology of obstructive
sleep apnea. A population health perspective. Am J Respir Crit
Care Med 2002;165:1217-39.

6. Partinen M, Palomaki H. Snoring and cerebral infarction. Lancet
1985;2:1325-6.

7. Iranzo A, Santamaría J, Berenguer J, Sánchez M, Chamorro A.
Prevalence and clinical importance of sleep apnea in the first
night after cerebral infarction. Neurology 2002;58:911-6.

8. Turkington PM, Bamford J, Wanklyn P, Elliott MW. Prevalence
and predictors of upper airway obstruction in the first 24 hours
after acute stroke. Stroke 2002;33:2037-42.

9. Dyken ME, Somers VK, Yamada T, Ren Z, Zimmerman MB.
Investigating the relationship between stroke and obstructive
sleep apnea. Stroke 1996;27:401-7.

10. Basetti C, Aldrich MS, Chervin RD, Quint D. Sleep apnoea in
patients with transient ischemic attack and stroke. A prospective
study of 59 patients. Stroke 1997;28:1765-72.

11. Basetti C, Aldrich MS. Sleep apnoea in acute cerebrovascular
diseases; final report on 128 patients. Sleep 1999;22:217-23.

12. Hui DSC, Choy DKL, Wong LKS, Ko FWS, Li TST, et al.
Prevalence of sleep-disordered breathing and continuous positive
airway pressure compliance. Results in Chinese patients with
first-ever ischemic stroke. Chest 2002;122:852-60.

13. Parra O, Arboix A, Bechich S, García-Eroles L, Monserrat JM,
López JA, et al. Time course of sleep-related breathing disorders
in first-ever stroke or transient ischemic attack. Am J Respir Crit
Care Med 2000;161:375-80.

14. Elliott WJ. Circadian variation in the timing of stroke onset: a
meta-analysis. Stroke 1998;29:992-6.

15. Arboix A, Díaz J, Pérez-Sempere A, Álvarez-Sabin J. Ictus: tipos
etiológicos y criterios diagnósticos. Guía para el tratamiento y
prevención del ictus 2002. Neurología 2002;17(Suppl 3):3-12.

16. Guidelines Subcommittee. 1999 World Health Organization-
International Society of Hypertension guidelines for the
management of hypertension. J Hypertens 1999;17:151-83.

17. Chiner E, Arriero J, Signes-Costa J, Marco J, Fuentes I.
Validación de la versión española del test de somnolencia
Epworth en pacientes con síndrome de apnea de sueño. Arch
Bronconeumol 1999;35:422-7.

18. Whyte KF, Allen MB, Jeffrey AA, Gould GA, Douglas NJ.
Clinical features of the sleep apnea/hypopnea syndrome. QJ Med
1989;72:659-66.

19. Ballester E, Carmona C, Egea C, Monasterio C, Izquierdo JL,
Villasante C. Impacto del SAHS y otros trastornos respiratorios
del sueño en neumología y cardiología. Arch Bronconeumol
2002;38(Suppl 3):40-5.

20. Durán J, Esnaola S, Rubio R, de la Torre G, Salles J, Goicolea A.
Obstructive sleep apnoea-hypopnoea in the elderly; a population
based-study in the general population aged 71-100. Eur Respir J
2000;16(Suppl 31):167.

21. Harbison JA, Gibson GJ. Snoring, sleep apnoea and stroke:
chicken or scrambled egg? QJ Med 2000;93:647-54.

22. Mohsenin V. Sleep-related breathing disorders and risk of stroke.
Stroke 2001;32:1271-8.

23. Basetti C, Aldrich M. Night time versus daytime transient
ischaemic attack and ischaemic stroke: a prospective study of 110
patients. J Neurol Neurosurg Psychiatry 1999;67:463-7.

24. Netzer N, Werner P, Jochums I, Lehmen M, Strohl KP. Blood
flow of the middle cerebral artery with sleep-disordered
breathing. Correlation with obstructive hypopnoeas. Stroke
1998;29:87-93.

25. Kiely JL, Delahunty C, Matthews S, McNicholas WT.
Comparison of a limited computerized diagnostic system
(ResCare Autoset) with polysomnography in the diagnosis of
obstructive sleep apnoea syndrome. Eur Respir J 1998;9:2360-4.

26. Bradley PA, Mortimore IL, Douglas NJ. Comparison of
polysomnography with ResCare Autoset in the diagnosis of the

MARTÍNEZ GARCÍA MA, ET AL. PREVALENCE OF SLEEP-DISORDERED BREATHING IN PATIENTS 
WITH ACUTE ISCHEMIC STROKE: INFLUENCE OF ONSET TIME OF STROKE

Arch Bronconeumol 2004;40(5):196-202 201



sleep apnoea/hypopnoea syndrome. Thorax 1995;50:1201-3.
27. Gugger M. Comparison of ResMed AutoSet (version 3.03) with

polysomnography in the diagnosis of the sleep apnoea/hypopnoea
syndrome. Eur Respir J 1997;10:587-91.

28. Fleury B, Rakotonanahary D, Hausser Hauw C, Lebeau B,
Guilleminault C. A laboratory validation study of the diagnostic
mode of the Autoset system for sleep-related respiratory
disorders. Sleep 1996;19:502-5.

29. Rees K, Wraith PK, Berthon-Jones M, et al. Detection of
apnoeas, hypopnoeas and arousals by the AutoSet in the sleep
apnoea/hypopnoea syndrome. Eur Respir J 1998;12:764-9.

30. Mayer P, Meurice JC, Philip-Joet F, Cornette A, Rakotonanahary
D, Meslier N, et al. Simultaneous laboratory-based comparison of
ResMed Autoset with polysomnography in the diagnosis of sleep
apnoea/hypopnoea syndrome. Eur Respir J 1998;12:770-5.

MARTÍNEZ GARCÍA MA, ET AL. PREVALENCE OF SLEEP-DISORDERED BREATHING IN PATIENTS 
WITH ACUTE ISCHEMIC STROKE: INFLUENCE OF ONSET TIME OF STROKE

202 Arch Bronconeumol 2004;40(5):196-202


