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Study Objectives: The mechanism of early neurological deterioration (END) in patients with stroke remains unclear. We assessed the relationship between
nocturnal oxygen desaturation (NOD) in the stroke unit (SU) and END, especially occurring at nighttime, following acute stroke.

Methods: A retrospective analysis was performed on a total of 276 patients with ischemic stroke who were admitted to the SU between July 2013 and June
2015. The oxygen desaturation index was calculated from pulse oximetry data sampled every 1 minute during 9 hours on the first night (10:00 PM to 7:00 AM)
after admission, and NOD was defined as oxygen desaturation index = 5 events/h. END was defined as an increase of = 2 points from the baseline National
Institutes of Health Stroke Scale during 7 days after onset. We compared clinical characteristics and NOD between patients with and without END.

Results: Among the included patients (mean age 69.2; male 55.4%), 42 patients (15.2%) experienced END. The proportion of NOD was significantly greater
in the END group (45.2% versus 12.8%, P < .001). After adjusting for confounders, NOD was independently associated with END (odds ratio 7.57; 95%
confidence interval 3.14-18.27). Among END patients, 47.6% patients (n = 20) had END during nighttime. Moreover, NOD was more frequent in patients with
END during nighttime compared to those with END during daytime (73.7% versus 26.1%, P = .002).

Conclusions: NOD in the SU was associated with END, especially during nighttime, after ischemic stroke. This suggests that treatment of sleep-disordered

breathing could be a modifiable factor to possibly reduce the risk of neurological worsening among acute stroke patients.
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INTRODUCTION

Early neurological deterioration (END) is defined as a substan-
tial neurological worsening after initial symptom, and is asso-
ciated with poor functional outcome.' END is common, and
occurs in approximately 25% of patients with acute ischemic
stroke."** Several clinical and radiological predictors for END
have been reported, suggesting that multiple metabolic, hemo-
dynamic, and systemic factors play a role in the development
of END.!*57 The hypoxia during sleep-disordered breathing
(SDB) may affect cardiac function and cerebral perfusion sta-
tus, and this might lead to an ischemic event.** Based on the
selected patients who underwent polysomnography (PSG) in
acute phase, sleep apnea or SDB was recognized as one of
the risk factors for END.>*® However, the results were based
on the patients who could tolerate PSG in acute phase and
no information exists on whether those patients deteriorated
during nighttime.

In the stroke unit (SU), physiologic parameters such as
blood pressure, heart rate, and systemic saturation using pulse
oximetry are continuously monitored. With these well-orga-
nized physiologic data, we hypothesized that nocturnal oxygen
desaturation (NOD) in the SU would be associated with END,
especially END during nighttime. The aim of this study was

BRIEF SUMMARY

Current Knowledge/Study Rationale: Sleep-disordered breathing
has been recognized as a risk factor for worse outcome after

stroke. We assessed the relationship between nocturnal oxygen
desaturation using continuously monitored systemic saturation data
in the stroke unit and early neurological deterioration, especially
occurring at nighttime, following acute stroke.

Study Impact: This study demonstrates that nocturnal desaturation
in the stroke unit was associated with early neurological deterioration,
especially during nighttime after stroke. This suggests that treatment
of sleep-disordered breathing could be an important factor to prevent
early neurological deterioration among acute stroke patients.

to investigate whether NOD is associated with END during
nighttime.

METHODS

Study Population

A total of 337 patients with acute ischemic stroke and transient
ischemic attack (TTA) (within 7 days from stroke onset) who
stayed in the SU on the first night of admission were screened
from July 2013 to June 2015. A total of 276 patients older than
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40 years (age range, 41-95 years) were enrolled for analysis.
We excluded patients with the following conditions: lack of
clinical information (n = 10); TIA (n = 27); age younger than
40 years (n =9); and oxygen therapy due to desaturation (pulse
oximetry saturation [SpO,] < 90%) on admission to SU care
(n = 15). The number of patients in the young age group (age
between 30 and 40 years) was very small (n = 9), and END
within 7 days after stroke did not occur. Therefore, the data
from the rest of the patients (age older than 40 years) were ana-
lyzed. This study was approved by the Institutional Review
Board of the Seoul National University Hospital (IRB NO
H-1212-087-450).

Baseline and Clinical Assessment

Baseline characteristics such as demographic data (age and
sex) and vascular risk factors (hypertension, diabetes mellitus,
hyperlipidemia, a history of smoking [current smoker or ex-
smoker], body mass index [BMI], initial systolic blood pres-
sure [SBP] and diastolic blood pressure [DBP], and a history of
stroke/TIA) were evaluated. We also collected information on
history of pulmonary diseases related to hypoxemia, such as
interstitial lung disease, miliary tuberculosis, chronic obstruc-
tive pulmonary disease, chronic asthma, cancer (lung cancer
and advanced cancer with lung metastasis), pleural effusion,
chronic pulmonary embolism, pulmonary hypertension, and
aspiration pneumonia on admission. In addition, we obtained
the information regarding the length of stay in the SU and gen-
eral ward. Patients treated with oxygen therapy after SU moni-
toring were identified during hospitalization. The following
laboratory evaluations were performed: white blood cell count,
and initial fasting glucose, hemoglobin (Hb), triglyceride (TG),
total cholesterol, high-density lipoprotein cholesterol, and fi-
brinogen levels. Blood samples were drawn after overnight
fasting. Regarding vascular risk factors, hypertension was de-
fined as a history of antihypertensive treatment or persistent
elevated blood pressure (SBP > 140 mm Hg or a DBP > 90 mm
Hg) after acute period.” Hyperlipidemia was defined as a his-
tory of the use of lipid-lowering medication, a serum level of
total cholesterol > 240 mg/dL, or a serum level of low-density
lipoprotein cholesterol > 160 mg/dL." Diabetes mellitus was
defined as a history of the use of insulin or oral hypoglycemic
drugs, HbAlc > 6.5%, fasting blood glucose > 7.0 mmol/L, or
non-fasting blood glucose > 11.1 mmol/L."

Ischemic stroke was categorized as large-artery atheroscle-
rosis (LAA), small-vessel occlusion (SVO), cardioembolism,
other determined, and undetermined, based on the Trial of Org
10172 in Acute Stroke Treatment criteria.'> The ischemic le-
sion locations were divided into the anterior circulation (ante-
rior cerebral artery and/or middle cerebral artery territories),
posterior circulation (posterior cerebral artery and/or verte-
brobasilar artery territories), and multiple artery territory. All
patients were initially evaluated for stroke severity based on
the National Institutes of Health Stroke Scale (NIHSS) on ad-
mission to the SU. NIHSS is a scale to measure stroke severity
(total score 0—42) and is composed of 15 items (level of con-
sciousness, extraocular movements, visual fields, facial palsy,
extremity strength, sensory function, ataxia, language, dysar-
thria, and extinction and inattention).” NIHSS was performed
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every 4 hours in the SU and at least three times per day in
the general ward by specialized nurses or stroke neurologists.
Whenever END was suspected by the patients or nursing staff,
NIHSS was performed in detail. END was defined as follows:
an increase in NIHSS score > 2 points from the baseline NI-
HSS score during the 7 days after symptom onset." The timing
of END was captured by review of medical records.

Stroke Unit Monitoring Data and Nocturnal

Oxygen Desaturation

Patients in the SU were continuously monitored with DASH
4000 monitors (General Electric, Boston, Massachusetts,
United States) for cardiac rhythm; oxygen saturation (pulse
oximetry), which was sampled every 2 second and averaged
over 1 minute; and blood pressure (noninvasive automatic
measurement every 15 minutes) during hospitalization. A
high-resolution data acquisition system (BedmasterEX, Excel
Medical Electronics, Jupiter, Florida, United States) was used
to acquire physiologic digital data.

Nocturnal oxygen desaturation (NOD) was retrospectively
evaluated using the oxygen desaturation index (ODI) during
the first night following admission to the SU. ODI is a possible
value to detect undiagnosed SDB.*"7 We used pulse oximetry
saturation (SpO,) data from 10:00 PM to 7:00 AM (usual lights-
out time in our SU). Artifacts regarding false desaturation due
to sensing errors were deleted after manual review. ODI is an
hourly average number of desaturation episodes, which is de-
fined as at least 3% decrease in saturation from the mean satu-
ration of the previous minute. The ODI was calculated over
9 hours.'>!6!1® Patients were categorized into two groups based
on their ODI as follows: normal (ODI < 5 events/h) and NOD
group (ODI > 5 events/h).-"® We also checked the nocturnal
mean blood pressure (MBP) and the time in which SpO, was
below 90% during overnight sleep.

Imaging Information

Enrolled patients underwent brain magnetic resonance imag-
ing (MRI) ona 1.5 T or 3.0 T superconducting magnet system
(n =271, 98.2%) or computed tomography (CT) (n =5, 1.8%)
on admission. Imaging interpretations were performed by two
neurologists (T.J.K. and S.J.A.) blinded to clinical information.
Disagreement was resolved by discussion and a third investiga-
tor’s opinion (S.B.K). A significant stenosis of the parent artery
was defined when stenosis is > 50% or occlusion.’* When END
occurred, follow-up brain imaging studies (MRI or CT) were
planned to identify relevant lesions. The patterns of follow-up
imaging were categorized as follows: no change, expansion of
index stroke lesion, new lesion outside the vascular territory
of index stroke lesion, edematous change (swelling of initial
lesion), and hemorrhagic transformation."”

Statistical Analysis

Continuous variables and proportions of categorical variables
were compared using Student 7 tests, Pearson ? tests, or Fisher
exact test as appropriate. The association between END and
NOD was analyzed using logistic regression analyses. Co-
variates with statistically significant differences (P < .05) by
univariate analysis and those with clinically important factors
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Table 1— Baseline characteristics of the patients.
Total (n = 276)

Age, years, mean = SD 69.2+11.1
Sex, n (%)

Male, n (%) 153 (55.4)

Female, n (%) 123 (44.6)
BMI, kg/m2, n (%)

BMI <25 194 (70.3)

25<BMI<30 72(26.1)

BMI = 30 10(3.6)
Hypertension, n (%) 199 (72.1)
Diabetes mellitus, n (%) 74 (26.8)
Hyperlipidemia, n (%) 96 (34.8)
Smoking, n (%) 87 (31.5)
Previous stroke/TIA, n (%) 81(29.3)
Atrial fibrillation, n (%) 71(25.7)
Pulmonary diseases, n (%)

COPD, n (%) 3(1.1)

Chronic asthma, n (%) 4(1.4)

Lung cancer, n (%) 8(2.9)
Initial NIHSS, median (IQR) 3(1-8)
Discharge NIHSS, median (IQR) 2(0-5)
Stroke mechanism, n (%)

Large artery atherosclerosis 82 (29.7)

Small-vessel occlusion 47 (17.0)

Cardioembolism 90 (32.6)

Other determined 27 (9.8)

Undetermined 30(10.9)
Lesion location, n (%)

Anterior circulation 165 (59.8)

Posterior circulation 68 (24.6)

Multiple territory 43 (15.6)
Significant stenosis on relevant artery, n (%) 125 (45.3)
SU stay, days, mean + SD 22+13

END Group (n = 42) Non-END Group (n = 234) P
69.3 +10.1 69.2+11.3 .955
.268
20 (47.6) 133 (56.8)
22 (52.4) 101 (43.2)
291
26 (61.9) 168 (71.8)
15 (35.7) 57 (24.4)
1(24) 9(38)
32(76.2) 167 (71.4) 521
13 (31.0) 61(26.1) 51
17 (40.5) 79 (33.8) 400
14 (33.3) 73(31.2) 784
9(21.4) 72(30.8) 221
8(19.0) 63 (26.9) 282
Jq72
1(24) 2(0.9)
1(24) 3(1.3)
1(24) 7(3.0)
4 (3-7.25) 3(1-9) .338
5(2-9) 2 (0-4) <.001
.081
13 (31.0) 69 (29.5)
12 (28.6) 35(15.0)
7(16.7) 83 (35.5)
4(9.5) 23(9.8)
6 (14.3) 24 (10.3)
401
27 (64.3) 138 (59.0)
7(16.7) 61(26.1)
8(19.0) 35 (15.0)
17 (40.5) 108 (46.2) 496
25+14 21£13 .055

BMI = body mass index, CHF = congestive heart failure, COPD = chronic obstructive pulmonary disease, END = early neurological deterioration,
NOD = nocturnal oxygen desaturation, SD = standard deviation, SU = stroke unit, TB = tuberculosis, TIA = transient ischemic attack.

were adjusted for multivariate analysis. In addition, Kaplan-
Meier method was performed to compare the END rate and
timing between the patients with and without NOD. For all
analyses, a two-tailed value of P < .05 was considered statis-
tically significant. Statistical analyses were performed using
the SPSS program (version 22.0, IBM, Armonk, New York,
United States).

RESULTS

Baseline Characteristics of the Patients With END

Among a total of 276 patients (male 55.4%, and female 44.6%,
with a mean age of 69.2 + 11.1 years), 42 patients (15.2%) ex-
perienced END within 7 days after stroke onset (Table 1). The
baseline characteristics including stroke risk factors and a his-
tory of pulmonary diseases were not different between patients
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with or without END (Table 1). Initial NIHSS was not dif-
ferent in patients with and without END, whereas discharge
NIHSS was higher in patients with END due to neurologic de-
terioration. There was a tendency of longer length of stay in the
SU in patients with END compared with those without END
(2.5+ 1.4 versus 2.1 + 1.3, P =.055). These baseline character-
istics showed similar trend according to sexes except discharge
NIHSS (Table S1 in the supplemental material).

In addition, stroke subtypes were not different in patients
with and without END (P = .081, Fisher exact test); however,
SVO was more frequent in the END group whereas cardioem-
bolism was dominant in the non-END group. Moreover, the
location of stroke lesion (anterior versus posterior circulation)
and the degree of stenosis in the parent artery were not dif-
ferent between the two groups. Regarding physiologic vari-
ables, nocturnal MBP was significantly higher in the patients
with END compared to those without END (97.4 + 15.1 versus
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Table 2—Monitoring data in the stroke unit from patients with and without early neurologic deterioration.

Total (n = 276)

NOD, n (%) 49 (17.8)
O, therapy after SU stay, n (%) 21(7.6)
SBP, mm Hg , mean £ SD 158.8 + 30.6
DBP, mm Hg, mean + SD 85.7+15.5
Nocturnal MBP, mm Hg, mean + SD 93.3+13.6
Severe desaturation time (SpO, < 90%), min, mean + SD 23+6.2
Mean nocturnal saturation, %, mean + SD 97114
ODI, events/h, mean + SD 28+26

END Group (n = 42) Non-END Group (n = 234) P
19 (45.2) 30 (12.8) <.001
3(7.1) 18 (7.7) .902
165.5 £29.0 157.6 £ 30.8. 122
87.8+13.7 85.3+15.7 337
974 +151 925+13.3 .032
42+114 19+46 202
96.7+1.3 97.2+14 .058
44 +31 26+24 .001

DBP = diastolic blood pressure, END = early neurologic deterioration, MBP = mean blood pressure, NOD = nocturnal oxygen desaturation, ODI = oxygen
desaturation index, SBP = systolic blood pressure, SD = standard deviation, SU = stroke unit.

Table 3—Laboratory data from patients with and without early neurological deterioration.

END Group (n = 42)

WBC, x10%/uL, mean + SD 8.21+£293

Hb, g/dL, mean + SD 13.34 + 2.05

HDL, mg/dL, mean + SD 43.64 + 13.89
TG, mg/dL, mean + SD 109.33 £+ 55.04
Total cholesterol, mg/dL, mean + SD 189.88 + 43.55
FBS, mg/dL, mean + SD 114.57 £ 45.27
Fibrinogen, mg/dL, mean + SD 34429 £72.32

Non-END Group (n = 234) P

8.27 £3.08 .909
13.21+£1.93 694
46.52 + 13.35 .346
104.03 £47.70 518
167.78 + 39.54 .001
102.10 + 26.44 .092
326.30 £75.23 152

END = early neurological deterioration, FBS = fasting blood sugar, Hb = hemoglobin, HDL = high-density lipoprotein, SD = standard deviation,

TG = triglyceride, WBC = white blood cell.

Table 4—Factors associated with early neurological deterioration.

Unadjusted OR (95% CI)
NOD 5.62 (2.74-11.52)
Nocturnal MBP 1.03 (1.00-1.05)
Mean NOD

(
0.80 (0.64-1.01)
(

Total cholesterol 1.01 (1.00-1.02)

P Adjusted OR (95% CI)* p*
<001 7.57 (3.14-18.27) <001
034 1.02 (1.00-1.05) 092
060 0.98 (0.73-1.31) 882
002 1.01 (1.00-1.02) 007

* = adjusted for NOD, stroke mechanism, nocturnal MBP, mean NOD, and total cholesterol. Cl = confidence interval, MBP = mean blood pressure,

NOD = nocturnal oxygen desaturation, OR = odds ratio.

92.5 + 13.3, P = .032). Moreover, the percentage of patients
with oxygen therapy after SU monitoring was not different be-
tween the two groups (Table 2). Blood test results were simi-
lar in the two groups, except for higher total cholesterol level
in patients with END (Table 3). These results were consistent
with analyzed data categorized by sex (Table S2 and Table S3
in the supplemental material).

Correlation Between END and NOD
The proportion of patients with NOD was significantly higher
in the END group compared to the non-END group (45.2%
versus 12.8%, P < .001). Likewise, mean NOD was lower in
patients with END compared to those without END (96.7 + 1.3
versus 97.2 + 1.4, P=.058), although not statistically significant.
However, the duration of severe desaturation (SpO, < 90%)
was not different between the two groups.

Patients with NOD had higher odds for development of
END (odds ratio 7.57; 95% confidence interval, 3.14—18.27).
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The strong association between NOD and END was consistent
in both sexes (male: odds ratio 6.86, 95% confidence interval
2.10-22.41; female odds ratio 5.57, 95% confidence interval
1.82-17.10) (Table S4 in the supplemental material). In addi-
tion, total cholesterol level was also associated with END (odds
ratio 1.01, 95% confidence interval 1.00-1.02, P = .007) af-
ter adjusting for the relevant confounding variables (Table 4).
However, mean NOD and nocturnal MBP were not associated
with END after adjusting for confounders.

Association Between NOD and Timing of END

Among the 42 patients with END, 20 patients (47.6%) had
END during nighttime. Among the 19 patients with NOD,
most of them (14/19, 73.7%) had END during nighttime. How-
ever, in 23 patients without NOD, most patients (17/23, 73.9%)
had END during daytime, and only 26.1% of patient had END
during nighttime, which was statistically different (P = .002).
In addition, 61.9% of patients (n = 26) experienced END while
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Table 5—Association between nocturnal oxygen desaturation and the timing of early neurological deterioration.

With NOD (n = 19) Without NOD (n = 23) P
END during nighttime, n (%) 14 (73.7) 6 (26.1) .002
END during daytime, n (%) 5(26.3) 17 (73.9)
Nocturnal MBP, mmHg, mean + SD 96.3+12.8 98.4+17.0 659

END = early neurological deterioration, MBP = mean blood pressure, NOD = nocturnal oxygen desaturation, SD = standard deviation.

in the SU within 24 hours after admission (Figure 1 and
Figure S1 in the supplemental material). Among them, 61.5%
patients (n = 16) had END during nighttime, and 38.5% pa-
tients had END in the daytime. Moreover, patients who expe-
rienced END during nighttime had higher percentage of the
presence of NOD (n = 10, 62.5%) compared to patients with
END in the daytime. This suggested that the presence of NOD
was strongly associated with END during nighttime (Table 5
and Figure 1). However, the nocturnal MBP was not different
between the patients with and without NOD (96.3 + 12.8 mm
Hg versus 98.4 + 17.0 mm Hg, P = .659) (Table 5).

Follow-Up Imaging Patterns of the Patients With END
Among the 42 patients with END, 39 patients (92.9%) under-
went follow-up brain imaging (MRI or CT) to identify any
changes after END detection. Most patients with END had
“enlargement of lesion” (51.3%) pattern, and new lesion occur-
rence on new vascular territory was 12.8%. Edematous change
and hemorrhagic transformation were observed only in 5.2%
of patients. However, degree of desaturation, measured by
ODI, was not different among the patients with various causes
of END (P = .559).

DISCUSSION

In this study, we found that patients with NOD on the first night
in the SU had approximately eight times higher odds for the
development of END in both sexes. Moreover, NOD was espe-
cially associated with END during nighttime.

END is clinically important because it is strongly related
to poor functional outcome."? As shown in our patients, those
with END had higher discharge NIHSS scores even with
similar admission NIHSS scores. Several metabolic, hemo-
dynamic, and systemic factors for END have been reported,
including initial stroke severity, degree of stenosis in the proxi-
mal vessel, systemic hypotension, elevation of serum total cho-
lesterol level, seizure, or atrial fibrillation.">3"2°-22 In line with
these studies, higher level of total cholesterol was associated
with END in our patients. Endothelial dysfunction, arterial
atherosclerosis, and microcirculatory disturbance was con-
sidered as possible mechanisms for END due to elevated total
cholesterol.”’** However, preceding systemic hypotension or
seizure was not identified in our patients in whom END devel-
oped. In addition, the degree of stenosis in the parent vessels
was also not different among patients with and without END.
Moreover, nocturnal MBP was higher in patients with END
compared with those without END. However, NOD occurred
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Figure 1—Kaplan-Meier event curves for END from
admission time to 7 days after admission.

NOD

—1Non-NOD
—rMINOD

0.6

0.6

Log-rank test
P <.001

04

The probability of END free rate

0.2

0.0

T T T T T T T T
0 24 48 72 96 120 144 168

Time of END after admission (hours)

The probability of END-free was different between patients with and
without nocturnal desaturation. END = early neurological deterioration,
NOD = nocturnal oxygen desaturation

more frequently in patients with END compared with those
without END (45.2% versus 12.8%, P <.001), which suggested
that NOD was a possible mediator for the development of
END. This is consistent with previous studies.*® Moreover, we
found that NOD was more frequently observed in patients with
END during nighttime compared with those with END dur-
ing daytime. Among END patients, 61.9% of patients (n = 26)
were detected END within 24 hours after admission during SU
monitoring. Taken together, NOD is a possible risk factor for
END, especially END during nighttime.

Nocturnal desaturation during SDB may decrease cerebral
perfusion and cardiac function, and may trigger compensatory
blood pressure surges.??* In addition, the hypoxia induced by
SDB could impair cerebral autoregulation and activated plate-
let aggregability.“**2* These mechanisms might have led to the
development of END during nighttime in our patient. In previ-
ous papers, END rate was different based on stroke mecha-
nisms; LAA and SVO were more associated with END.!25:2¢
However, we could not find any difference in terms of stroke
mechanisms among patients with and without END, although
patients with END had a slightly higher proportion of SVO.
In patients with LAA, the degree of stenosis in the parent ar-
tery may be associated with the development of END."?2%7
However, in our patients, the degree of stenosis was not sig-
nificantly different in patients with END compared with those
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without END. It remains to be determined how NOD differ-
ently affects neurological deterioration in patients with various
stroke mechanisms. The beneficial effect of SU care has been
validated previously.”* In this study, continuous monitoring
of pulse oximetry was useful in selecting high-risk patients
for neurologic deterioration at nighttime. Pulse oximetry is a
simple and validated monitoring tool in the SU. If analyzed
appropriately, pulse oximetry might provide important infor-
mation regarding NOD, and might be more easily applicable
to acute stroke patients compared with PSG, which is usually
performed on highly select patients.

There are several limitations to our study. First, this is a
retrospective study based on prospectively collected data dur-
ing hospitalization. Moreover, we did not measure true sleep
duration during monitoring at the SU. In addition, we did not
have information on a previous history of sleep apnea in our
patients. Therefore, a certain degree of bias is inevitable. Sec-
ond, although patients with high infarct volume possibly have a
higher risk for neurologic deterioration,"*! volumetric analysis
of stroke lesion was not performed. However, the stroke sever-
ity, assessed by initial NIHSS score, was not different between
the two study groups. Third, we calculated ODI using continu-
ous pulse oximetry data on the first night at the SU. The data
resolution of SpO, was measured every 2 seconds and averaged
over 1 minute, which might have affected the lower sensitivity
of NOD than PSG in our patients. Moreover, desaturation level
at the time when END occurred does not exist in our database.
Although patients with SDB tended to show similar desatura-
tion patterns in every sleep spell, the direct temporal relation-
ship between desaturation and END was not available in our
data. Fourth, the stroke severity of our patients was relatively
mild (median NIHSS score of 3) compared with other studies.
However, this result was consistent with our country’s nation-
wide registry data of ischemic stroke (median initial NTHSS
score of 3 [1-8]) rather than a selection bias.*> Moreover, se-
vere stroke patients usually were admitted to the NeurolCU
in our institution, and those with desaturation (median NITHSS
13) were also excluded because they were treated with oxygen
therapy from the beginning (n = 15). However, baseline char-
acteristics between included and excluded patients, including
END rate, were not different between the two groups except
for the higher prevalence of diabetes mellitus in excluded pa-
tients (Table S5 in the supplemental material). With these limi-
tations, however, we think that our data are valid in presenting
a correlation between NOD and “END during nighttime” in
consecutive patients who were admitted to the SU.

In conclusion, NOD in the SU is associated with END, espe-
cially END during nighttime, in patients with acute ischemic
stroke. Further large-scale studies on intervening NOD are
needed to confirm our findings.

ABBREVIATIONS

BMI, body mass index

CHEF, congestive heart failure

COPD, chronic obstructive pulmonary disease
CT, computed tomography
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DBBP, diastolic blood pressure

END, early neurological deterioration
Hb, hemoglobin

HDL, high-density lipoprotein

LAA, large-artery atherosclerosis
MBP, mean blood pressure

MRI, magnetic resonance imaging
NIHSS, National Institutes of Health Stroke Scale
NOD, nocturnal oxygen desaturation
ODI, oxygen desaturation index

PSG, polysomnography

SBP, systolic blood pressure

SDB, sleep-disordered breathing

SU, stroke unit

SVO, small-vessel occlusion

TG, triglyceride

TIA, transient ischemic attack

WBC, white blood cell
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