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Factors Associated with Cheyne-Stokes Respiration
in Acute Ischemic Stroke
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Background and Purpose Cheyne-Stokes respiration (CSR) is frequently observed in pa-
tients with acute stroke. There have been conflicting opinions about the associations of CSR
with the location and size of the lesion. We aimed to better define the clinical relevance and

Seo-Young Lee” pathogenesis of CSR in acute stroke.

Kyoung Bin Im* Methods We investigated patients who had been admitted with acute ischemic stroke and
2School of Medicine, received an overnight sleep apnea test. We collected data on demographics, risk factors, etio-
Kangwon National University, logic subtypes, initial vital signs, clinical course of the stroke, and parameters associated with
Chuncheon, Korea respiratory events during the sleep apnea test. We performed a multivariate logistic regression
:Depa”me”ts of Neurology and analysis to determine the factors associated with CSR.
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Kangwon National University, Results Among 182 patients, 35 patients showed CSR in sleep apnea testing. Large-artery
Chuncheon, Korea atherosclerosis or cardioembolism, bilateral hemispheric involvement, atrial fibrillation, low
‘Gangwon Comprehensive Stroke Center, left-ventricle ejection fraction (LVEF), and left atrium (LA) enlargement were all associated
Kangwon National University Hospital, with the presence of CSR. Multivariate analysis revealed that the previous modified Rankin

eChynCh.e on, Korea Scale (mRS) score, bilateral hemispheric involvement, low LVEE and LA enlargement were
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Clinics Sleep Disorders Center, significantly associated with CSR. Subgroup analysis with large-artery atherosclerosis without
Clinical Neurology and Psychiatry, cardiac disease revealed that the previous mRS score is the only independent factor associated
The University of lowa, lowa, IA, USA with CSR.

Conclusions CSR frequently occurs in strokes involving large arteries or due to cardioembo-
lism, regardless of the location and severity of the stroke. Predisposing conditions such as preexist-
ing neurologic disability, low LVEE, and LA enlargement are associated with CSR in acute stroke.
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INTRODUCTION

Both obstructive sleep apnea (OSA) and central sleep apnea (CSA) occur frequently in pa-
tients with acute ischemic stroke. Cheyne-Stokes respiration (CSR), which is a form of pe-
riodic CSA, is observed in 6-72% patients with acute stroke."® In general, CSR appears
immediately after the onset of the acute stroke, and gradually improves with time.>>’
There has been a fair amount of research on stroke and OSA, but few studies have inves-

, tigated the CSA that is seen in patients with stroke. CSR was first described by Cheyne'® in
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come of strokes."!* Following Stokes suggesting the associa-
tion between CSR and cardiac disease in 1854," it is now
well known that CSR frequently occurs in patients with con-
gestive heart failure, and CSR has been reported to be associ-
ated with higher mortality in heart failure.' It was recently
shown that CSR is associated with a low left-ventricle ejection
fraction (LVEF) even in patients with stroke who do not have
overt symptoms of heart failure."”

CSR characteristically alternates between hypoventilation
and hyperventilation in a crescendo-decrescendo fashion, and
this breathing pattern reflects the instability of the ventilatory
control system.'® Although Cheyne and Stokes had mainly
observed CSR in imminent death, it is not uncommon for
CSR to also be detected on a respirogram in patients who are
not critically ill. The mechanism underlying CSR in heart
failure has been explained as a delay in the recognition and
correction of hypo- and hyperventilation as a result of de-
layed circulation, leading to larger changes in blood gas and
respiratory overcompensation. However, other factors be-
sides circulation delay may be involved, and the mechanism
underlying CSR in stroke in the absence of heart failure re-
mains unclear.'®

The objective of this study was to identify factors associat-
ed with CSR in a large cohort of patients with acute ischemic
stroke and to deduce the mechanism underlying CSR.

METHODS

This study involved patients who had been admitted to the
Department of Neurology at Kangwon National University
Hospital over a 22-month period (from May 2014 to Feb-
ruary 2016) under a diagnosis of acute ischemic stroke that
had occurred within 1 week of the date of admission. The
Gangwon Comprehensive Stroke Center (CSC) has been op-
erating under the Ministry of Health and Welfare of Korea as
part of the Kangwon National University Hospital since 2009,
and has been prospectively collecting and registering all pa-
tient data. We utilized the stroke database of Gangwon CSC
for selecting our study subjects and collecting clinical infor-
mation.

We collected data on variables such as the patient’s sex and
age, as well as risk factors for stroke such as a previous his-
tory of stroke, hypertension, diabetes mellitus, hyperlipid-
emia, body mass index, atrial fibrillation, and heart failure.
The severity of the neurologic deficits at the time of the visit
was assessed using the National Institutes of Health Stroke
Scale (NIHSS). The degree of disability was evaluated using
the modified Rankin Scale (mRS).

We classified the etiologic subtypes of ischemic stroke into
large-artery atherosclerosis (LAA), small-vessel occlusion
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(SVO), cardioembolism (CE), stroke of other determined
etiology, and stroke of undetermined etiology," according to
the Trial of ORG 10,172 in Acute Stroke Treatment (TOAST).

Based on the anatomical location of the lesion, we also
classified the strokes based on their location into the left
hemisphere, right hemisphere, or both, and supratentorial,
infratentorial, or both, and into 10 groups according to the
symptomatic vascular territories, with cases of lesions in-
volving 2 or more territories classed as multiple lesions.

We collected data on blood pressure at the time of admis-
sion as a cardiovascular indicator, as well as the left atrium
(LA) size (mm), left-atrium volume index (LAVI) (mL/m?),
LVEF (%), and regional wall-motion abnormality from trans-
thoracic echocardiography performed during admission.
LAVI was calculated as dividing the maximum LA volume
by the body surface area. Cases with moderate-to-severe val-
vular dysfunction in transthoracic echocardiography were
classified as significant valvular disease.

Sleep apnea test was performed during the admission using
a portable machine (Embletta X10; Embla-Medcare, Reykja-
vik, Iceland). This included the use of transnasal airflow
sensors, chest and abdominal belts to detect respiratory mo-
tion, posture sensors, and oximeters. We collected data on the
presence of CSR, respiratory parameters, and the time from
the stroke onset until performing the sleep apnea test.

CSR was defined in accordance with version 2.3 of the 2016
American Academy of Sleep Medicine criteria,” if both of the
following were met:

a) Three or more episodes of consecutive central apneas
and/or central hypopneas, separated by a crescendo-decre-
scendo change in breathing amplitude with a cycle length
of at least 40 seconds.

b) Five or more central apneas and/or central hypopneas per
hour of sleep associated with a crescendo-decrescendo breath-
ing pattern recorded over at least 2 hours of monitoring.

A total of 529 patients with acute ischemic stroke had
been admitted to the Gangwon CSC during the study period,
among of which sleep apnea tests were applied to 185 pa-
tients. Sleep apnea test was routinely recommended to all pa-
tients with acute ischemic stroke, but this could not be ap-
plied to all of the patients due to cost and some cases of poor
patient condition. The sleep study could not be performed
in patients with a nasogastric or endotracheal tube. Two
patients could not complete the sleep apnea test, resulting in
a loss of data, hence those two were excluded from the study.
One patient presented central periodic apnea, but with snor-
ing and without the typical crescendo-decrescendo respira-
tory pattern, and therefore could not be classified depending
on CSR. In summary, a study analysis was performed from
the data obtained from a total of 182 patients.
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We compared clinical indicators between the CSR and non-
CSR groups. Continuous variables were analyzed as meant
standard-deviation values, whereas categorical variables were
analyzed as number and percentage values. The continuous
variables were analyzed statistically using the independent -
test, and categorical variables were analyzed using Pearson’s
chi-square test, and occasionally Fisher’s exact test. Multiple
regression analysis was used to identify independent clini-
cal factors associated with CSR. A subgroup analysis was
performed in the same manner to analyze the direct effects of
the stroke itself, excluding cardiogenic causes, which are known
to cause CSR. This subgroup consisted of patients with the
stroke etiology of LAA, no atrial fibrillation or any significant
valvular disease, and an LVEF of 50% or higher.

Variables with a p value of less than 0.1 in the univariate
analysis were included in the multivariable analysis. Since
the cases of stroke due to either atrial fibrillation or CE
overlapped, only CE was included in the multivariate anal-
ysis. Since all of the patients with heart failure showed a de-
creased LVEE only LVEF was included in the multivariate
analysis. Regional wall-motion abnormality was also signifi-
cantly associated with a decreased LVEF (p<0.001), and hence
was not included in the multivariate analysis. Since both LA
size and LAVT are indicators of LA enlargement, only LAVI
was included in the multivariate analysis. A previous mRS
score and a previous history of stroke were also strongly as-
sociated with each other, hence only one of these variables was
included in the multivariate analysis. A p value of less than 0.05
was considered to be statistically significant. Statistical analy-
sis was performed using SPSS software (version 23.0, IBM
Corp., Armonk, NY, USA).

The study was approved by the Institutional Review Board
of Kangwon National University Hospital (IRB No. KNUH-
2016-03-007-001).

RESULTS

CSR was present in 35 (19.1%) of the 182 included patients.
The mean time from the onset of the acute stroke until the
day of the sleep apnea test was 9.4 days in the CSR group and
8.7 days in the non-CSR group, which was not significantly
different.

Univariate analysis
The patients were about 9 years older in the CSR group (76.4+
7.52 years) than in the non-CSR group (67.2£12.6 years, p<
0.0001). In addition, the frequencies of atrial fibrillation (31.4%
vs. 9.50%, p=0.001) and heart failure (8.60% vs. 0.00%, p=
0.007) were higher in the CSR group.

When classified according to the TOAST classification,
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there was a significant difference based on the presence of CSR.
Only one patient in the SVO group had CSR (2.86%), which
was significantly less frequent than in the other groups (p=
0.007). This patient had complained of dyspnea upon exer-
tion of New York Heart Association class II, and was observed
to have pitting edema at 1 month after the onset of stroke.
There were no significant coronary lesions and the LVEF was
normal, but an echocardiogram showed high ratio of the early
transmitral filling velocity to the early diastolic tissue velocity
at the septal mitral annulus (E/€) (19.02), which improved
after administering diuretics. Hence the patient was diagnosed
as heart failure with preserved LVEE

There was no significant association between the presence
of CSR and the location of the lesion in terms of vascular
territory, supra- or infratentorial, or laterality. Having bilat-
eral hemispheric lesions was significantly associated with
CSR (p=0.004).

Echocardiography was performed in 179 patients (98%).
Among the echocardiographic indicators, the LA size (42.3+
6.84 mm vs. 39.1+5.67 mm, p=0.005) and LAVT (47.1+22.0
mL/m® vs. 37.4%12.5 mL/m? p=0.018) were larger in the
CSR group. Low LVEF (<50%) was more common in the
CSR group (p=0.001) (Table 1).

Multivariate analysis

A multivariate analysis was performed on the following fac-
tors that differed between the two groups with a p value of
less than 0.1 in the univariate analysis based on the presence
of CSR: age, hypertension, smoking status, previous mRS
score, NIHSS score at the time of admission, bilateral lesions,
LAVI, and an LVEF of less than 50%. The previous mRS score
[odds ratio (OR)=2.32, p=0.025], bilateral lesions (OR=6.47,
p=0.012), increased LAVI (OR=1.36 for every 10 mL/m” in-
crease, p=0.048), and an LVEF of less than 50% (OR=6.22,
p=0.016) were significantly associated with CSR (Table 2).

Subgroup analysis

A subgroup analysis of the 83 patients in the LAA group who
did not have atrial fibrillation or any significant valvular dis-
ease with a normal LVEF revealed CSR in 16 patients (19.3%).
An analysis of the factors associated with CSR showed that
the patients in the CSR group were older (76.1£8.54 vs. 69.3+
12.1, p=0.036) and had both supra- and infratentorial lesions
more frequently (18.8% vs. 3.00%, p=0.047) (Table 3). A mul-
tivariate analysis of the factors that differed significantly with
a p value of less than 0.1 in the univariate analysis between
the two groups—age, previous mRS score, both supra- and
infratentorial lesions, and bilateral lesions—found that only
the previous mRS score was a significant factor (OR=2.51, p=
0.041) (Table 4).



Table 1. Demographic and clinical characteristics according to the pres-
ence of CSR (n=182)

No CSR CSR
(n=147) (n=35)

Demographics

Sex, male 84 (57.1) 20(57.1)  1.000
Sex, female 63 (42.9) 15 (42.9)
Age, years 6721126 7641752 <0.0001*

Cardiovascular risk factor

241%£344  245%1395 0515
0.10t047 046%1.04 0.56
) 5(143) 0408
82 (55.8) 25 (71.4) 0.091
Diabetes mellitus 42(286) 12(343) 0506
Smoking 64 (43.5) 9(25.7) 0.053

25(17.0)

14 (9.50)

0 (0.00)

Body mass index, kg/m’
Previous mRS score

Previous stroke 14 (9.50
Hypertension

17.0 3 (8.60) 0.299
9.50 11(31.4) 0.001*
0.00 3 (8.60) 0.007*

Dyslipidemia

Atrial fibrillation

Heart failure
Severity

NIHSS score on admission 3461430 4.83+4.84 0.099
Initial vital signs, mmHg
153.4+30.0 157.8+30.0 0.444

849+134 863%125 0.566

Systolic blood pressure
Diastolic blood pressure

TOAST subtype
LAA 71 (48.3) 21 (60.0)
Cardioembolism 24 (16.3) 10 (28.6)
Small-vessel occlusion 32(21.8) 1(2.86) 0.007*
Stroke of other determined 5 (3.40) 0 (0.00)
etiology
Stroke of undetermined 15(10.2) 3 (8.57)
etiology
Vascular territory
Internal carotid artery 7 (4.76) 2 (5.71)
Middle cerebral artery 70 (47.6) 19 (54.3)
Anterior cerebral artery 1(0.68) 1(2.86)
Posterior cerebral artery 16 (10.9) 1(2.86)
Basilar artery 18 (12.2) 3(8.57)
Vertebral artery 4(2.72) 1(2.86)
Superior cerebellar artery 1(0.68) 0 (0.00)
Anterior inferior cerebellar 0 (0.00) 0 (0.00)
artery
Posterior inferior cerebellar 15(10.2) 1(2.86)
artery
Border zone 2(1.36) 1(2.86)
Multiple 13 (8.84) 6(17.1) 0.149
Laterality
Right 71 (48.3) 9(25.7) e
Left 66 (44.9) 18 (51.4)
Both 10 (6.80) 8 (22.9) 0.004*
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Table 1. Demographic and clinical characteristics according to the pres-
ence of CSR (n=182) (continued)

No CSR CSR
(n=147) (n=35) ¥
Supra- or infratentorial
Supratentorial 100 (68.0) 25 (71.4) 0271
Infratentorial 41 (27.9) 6(17.1)
Both 6 (4.10) 4(11.4) 0.102

Transthoracic echocardiography

LA size, mm 39.1+5.67 42316.84 0.005

LAVI, I"nL/I"n2 3741125 4711220 0.018"
LAVI >34 r‘nL/mZ 74 (51.4) 23 (67.6) 0.043*

LVEF, % 6524594 6221969 0.095
LVEF <50% 4 (2.80) 7 (20.6) 0.001*

Valve disease 4(2.80) 1(2.90) 1.000

Regional wall-motion 6 (4.20) 4(11.8) 0.099

abnormality
Pulmonary hypertension 10 (6.90) 5(14.7) 0.143

(oorderline or more)
Time to sleep study from 8721963 943%X7.49 0685
onset, days
16.1£16.4 419%13.6 <0.001
1.33+238  14.248.69 <0.001
4891779 804%109 0.113
1.76£5.83  6.51£559 <0.001
86.8+553 84.81546 0.060
Data are meantstandard-deviation or n (%) values.

*Statistically significant (p<0.05).

CSR: Cheyne-Stokes respiration, LA: left atrium, LAA: large-artery ath-
erosclerosis, LAVI: left-atrium volume index, LVEF: left-ventricle ejection
fraction, mRS: modified Rankin Scale, NIHSS: National Institutes of

Health Stroke Scale, TOAST: Trial of Org 10,172 in Acute Stroke Treat-
ment.

Total apnea hypopnea index
Central apnea index
Obstructive apnea index
Mixed apnea index

Lowest oxygen saturation

Table 2. Results of multivariate analysis to identify the factors asso-
ciated with Cheyne-Stokes respiration

OR 959% Cl p

Age 1.05 0.991-1.12 0.094
Hypertension 1.19 0.386-3.68 0.760
Smoking 09N 0.302-2.75 0.869
Previous mRS score 2.32 1.11-4.84 0.025*
NIHSS score on admission 0.959 0.859-1.07 0.453
Atrial fibrillation 2.63 0.775-8.93 0.121
LAA or cardioembolism 497 0.554-44.6 0.152
Laterality (bilateral) 6.47 1.51-27.7 0.012*
LVEF <50% 6.22 1.41-27.5 0.016"

LAVI (per 10 mL/m” increase) 1.36 1.00-1.85  0.048"

*Statistically significant (p<0.05).

Cl: confidence interval, LAA: large-artery atherosclerosis, LAVI: left-
atrium volume index, LVEF: left-ventricle ejection fraction, mRS: modi-
fied Rankin Scale, NIHSS: National Institutes of Health Stroke Scale,
OR: odds ratio.
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Table 3. Demographic and clinical characteristics according to the
presence of CSR in the LAA subgroup (n=83)

No CSR CSR

(n=67)  (n=16) S

Demographics

Sex, male 35(52.2) 10 (62.5) 0.459
Sex, female 32(47.8) 6(37.5)
Age, years 69.3+12.1  76.1£854  0.036*

Cardiovascular risk factor
24.3+3.02 24.812.08 0.454
0.04+037 0.69%£1.35 0.078

Body mass index, kg/m’
Previous mRS score

Previous stroke 4 (6.00) 3(188)  0.127
Hypertension 38(56.7) 11 (68.8) 0.379
Diabetes mellitus 19 (28.4) 6(37.5) 0.474
Smoking 31 (46.3) 4 (25.0) 0.162
Dyslipidemia 11 (16.4) 2(12.5) 1.000
Atrial fibrillation 0 (0.00) 0 (0.00)
Heart failure 0(0.00) 0(0.00)
Severity

NIHSS score on admission 331+392 481+526  0.203
Initial vital signs, mm Hg

Systolic blood pressure 158.7£30.4 159.0£31.8 0977

Diastolic blood pressure 849+15.1 83.8%£9.06 0.782
Vascular territory

Internal carotid artery 5 (7.46) 1(6.25)

Middle cerebral artery 26 (38.8) 7 (43.8)

Anterior cerebral artery 1(1.49) 0 (0.00)

Posterior cerebral artery 3 (4.48) 0 (0.00)

Basilar artery 13 (19.4) 2 (12.5)

Vertebral artery 1(1.49) 1(6.25)

Superior cerebellar artery 0(0.00) 0 (0.00)

Anterior inferior cerebellar 0(0.00) 0 (0.00)

artery
Posterior inferior cerebellar 9(13.4) 0 (0.00)
artery

Border zone 2 (2.99) 1(6.25)

Multiple 7 (10.4) 4 (25.0) 0.210
Laterality

Right 35(52.2) 4(250) S

Left 26 (38.8) 8 (50.0)

Both 6 (9.00) 4(25.0) 0.095
Supra- or infratentorial

Supratentorial 39 (58.2) 9 (56.3) 0756

Infratentorial 26(38.8) 4(25.0)

Both 2 (3.00) 3(18.8) 0.047*

Transthoracic echocardiography

LA size, mm 38.1+4.46  39.5+7.21 0.339
LAVI, mL/mz 36.019.44 3941190 0488
LVEF, % 65.614.82 66.3*t454 0616
Valve disease 0 (0.00) 0 (0.00)
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Table 3. Demographic and clinical characteristics according to the
presence of CSR in the LAA subgroup (n=83) (continued)

No CSR CSR
(n=67)  (=16) ©
Regional wall-motion 0 (0.00) 0(0.00)
abnormality
Pulmonary hypertension 5 (7.50) 1(6.30) 1.000

(oorderline or greater)

Time to sleep study from 870873 9.06%579 0.876

onset, days
Total apnea hypopnea index 16.7£17.1  450%£148 <0.001
Central apnea index 1.17£2.02  11.9+6.67 <0.001
Obstructive apnea index 5.76£841 10.8+135 0.170

1.64£572  7.14%6.68  0.005
86.3+4.83  83.5%6.52  0.056

Data are meantstandard-deviation or n (%) values.

*Statistically significant (p<0.05).

CSR: Cheyne-Stokes respiration, LA: left atrium, LAA: large-artery ath-
erosclerosis, LAVI: left-atrium volume index, LVEF: left-ventricle ejection
fraction, mRS: modified Rankin Scale, NIHSS: National Institutes of
Health Stroke Scale.

Mixed apnea index
Lowest oxygen saturation

Table 4. Results of multivariate analysis to identify the factors asso-
ciated with Cheyne-Stokes respiration in the large-artery atheroscle-
rosis subgroup (n=83)

OR 95% Cl p
Age 1.06 0.99-1.14 0.093
Previous mRS score 251 1.04-6.08 0.041%
Laterality (bilateral) 2.05 0.19-22.0 0.553

Supra- or infratentorial (both) 3.02 0.15-59.9 0.469

*Statistically significant (p<0.05).
Cl: confidence interval, mRS: modified Rankin Scale, OR: odds ratio.

DISCUSSION

CSR seen in acute stroke is associated with the previous mRS
score, bilateral lesions, a low LVEF, and LA enlargement. CSR
was not observed in acute stroke due to SVO except for one
patient who developed symptoms of heart failure 1 month
later. There was no significant association between the loca-
tion or severity of the stroke and CSR. In the subgroup anal-
ysis that excluded cardiac factors, only the previous mRS score
was significantly associated with CSR.

While the associations of heart failure and decreased LVEF
with CSR are well known, the present association between
LA enlargement and CSR is a novel finding. LA enlargement
is a sign of overloading of both the pressure and volume of
the left ventricle, and an indicator of diastolic dysfunction.
LA enlargement is frequently seen in patients with hyperten-
sion, and has been reported to be associated with cardiovas-
cular diseases such as atrial fibrillation, heart failure, and
stroke, as well as poor outcomes.” Among the indices of atri-



um size, LAVI has been known to have the strongest corre-
lation with cardiovascular disease and its outcome.” Howev-
er, there is also a tendency for the atrium to enlarge with age
regardless of disease.” In our study, even after correcting for
atrial fibrillation and decreased LVEF using multivariate
analysis, there was still an independent association between
CSR and an increase in LAVI. Similar results were found in
a study of sleep disordered breathing in patients with heart
failure but preserved LVEE, demonstrating that the size of the
LA was larger in the CSA group.** Those authors suggested
that pulmonary congestion can lead to CSA. However, in our
study, there had been only one patient who had shown heart
failure with preserved LVEF, which developed one month
after stroke, and this makes it difficult to explain the mech-
anism underlying CSR on the basis of pulmonary conges-
tion. A delay in circulation as a result of atrium enlargement
or diastolic dysfunction might have caused instability in the
ventilatory control system, leading to CSR.* Moreover, cardio-
vascular aging represented by LA enlargement might have
been a predisposing factor for the development of CSR.

However, these results alone cannot be used to determine
whether LA enlargement itself in patients with acute stroke
was the predisposing factor for developing CSR or an inno-
cent bystander that had not been included in the study anal-
ysis.

Considering that CSR manifests immediately after the
onset of acute stroke, which tends to improve spontaneous-
ly with time,>* CSR in acute stroke might not occur solely
due to age or cardiac factors, but rather the stroke itself must
be the inducing factor for CSR. This has prompted several
researchers to attempt to identify associations between the
location or severity of the lesion, and CSR, but with conflict-
ing results. As for the association between the location of
the stroke and the development of CSR, there was a report
stating that CSR occurs only with bilateral cerebral hemispheric
lesions, while there are other reports that these lesions are
not always bilateral.”'>* In addition, CSR has been reported
to occur more frequently in left-side strokes, and less frequent-
ly in cases involving the left insula or mesencephalon.'

The present study found that significantly more cases had
bilateral lesions, but with no preponderance in either the left
or right hemisphere. Keeping in mind that CSR may occur
more frequently in strokes occurring in the infratentorial re-
gion, which includes the respiratory center, we divided the
cohort into the supra- and infratentorial regions, which re-
vealed no difference between them. There was no significant
association between CSR and the location of the stroke even
when classifying and analyzing the lesion according to the
vascular territory. The inconsistency of the previous results
could be due to the smallness of most of the studies, and no
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consideration of correlations between factors or correction
for confounding factors. The multivariate analysis performed
in the present study showed CSR to be associated with non-
SVO, bilateral cerebral involvement, and previous mRS score
among the neurologic factors, but not with the location or se-
verity of the lesion. One patient with SVO did develop CSR,
but this patient had complained of dyspnea on exertion at 1
month after the onset of the stroke and had been diagnosed
with heart failure with preserved LVEE and so the CSR in
this patient might have been due to cardiac rather than neu-
rologic factors. CSR has been reported to occur even in lacu-
nar infarcts without heart failure,” but the diagnostic range
for lacunar infarcts was broader than in our study, where ex-
clusion criteria such as carotid stenosis of 2 cm or larger, or
less than 1.5 cm with involvement of the middle cerebral ar-
tery, anterior cerebral artery, posterior cerebral artery, verte-
bral artery, or basilar artery stenosis had been applied; the
presence of asymptomatic patients with low LVEF was not
reported.

A subgroup analysis of the LAA group including patients
with an LVEF of 50% or higher who did not have atrial fi-
brillation—in order to exclude cardiac factors and assess
solely the effects of stroke—revealed that only the previous
mRS score was significantly associated with the CSR group.
When reviewing the associations of LA enlargement, low
LVEE, bilateral lesions, and previous mRS score with CSR,
we assume that the cerebrovascular insult might have caused
instability of the ventilatory control system in the condition
with pre-existing cardio- or cerebrovascular dysfunction.

The limitations of this study include that the assessment
for CSR with sleep apnea test could not be performed in all
of the patients who had presented with acute stroke. This test
is not covered by National Health Insurance in Korea, and so
the extreme elderly and low-income patients were more likely
to be excluded from the study. Patients with a nasogastric or
endotracheal tube were also excluded. These exclusions might
have reduced the proportion of patients with severe stroke.

This was the largest study to date of the factors that may
cause CSR in acute stroke, and its results are invaluable since
confounding factors were corrected using multivariate and
subgroup analyses, which has seldom been done in previ-
ous studies. The present findings indicate that CSR occurs
frequently after acute stroke regardless of the location or se-
verity of the stroke itself, but is more common in bilateral le-
sions and hardly occurs after SVO. Factors associated with
CSR include previous neurologic deficits, low LVEE and LA
enlargement, suggesting that the presence of underlying car-
dio- or cerebrovascular dysfunction contribute more to the
development of CSR in acute stroke than do the stroke char-
acteristics.
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