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Clinical predictors of early neurological deterioration
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Abstract
Background: Early neurological deterioration is a critical determinant of functional outcome in patients
with acute minor ischemic stroke. This study aimed to identify clinical predictors of early neurological
deterioration in patients with acute minor ischemic stroke.
Methods: A total of 739 patients who experienced acute minor ischemic stroke symptoms between
January 2014 and December 2018 were enrolled in this study. All patients were presented within
a 4.5-hour time window of stroke symptom onset. Early neurological deterioration was defined as
an increment of at least one point in motor power or total National Institute of Health Stroke Scale
(NIHSS) score deterioration ≥ 2 points within 3 days after admission. Unfavorable functional outcome
was defined as a modified Rankin Scale score of ≥ 2 at 90 days after stroke onset. Demographic
characteristics, risk factors for vascular diseases, stroke severity, stroke subtypes, and neuroimaging
parameters were analyzed. Regression analysis was used to determine clinical predictors of early
neurological deterioration. Results: Of the 739 patients, 78 (10.5%) patients had early neurological
deterioration. Among the 78 patients with early neurological deterioration, 61 (78.2%) had unfavorable
functional outcome at 90 days after stroke onset. In contrast, 131 of the remaining 661 (19.8%)
patients without early neurological deterioration had unfavorable functional outcome. Multivariate
analysis identified hemorrhagic transformation (odds ratio, 3.8; 95% confidence interval, 1.4-10.5;
P = 0.010), higher NIHSS score at admission (odds ratio, 1.4; 95% confidence interval, 1.1-1.7; P =
0.003), arterial stenosis (odds ratio, 2.0; 95% confidence interval, 1.2-3.5; P = 0.014) and occlusion
(odds ratio, 2.6; 95% confidence interval, 1.4-4.8; P = 0.004) in the territory of stroke as significant
predictors of early neurological deterioration.
Conclusions: The results of this study suggest that hemorrhagic transformation, higher NIHSS score
at admission, and arterial steno-occlusive lesions in the territory of stroke are independent predictors
of early neurological deterioration in patients with acute minor ischemic stroke.
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INTRODUCTION
A significant number of patients with ischemic
stroke have mild neurological deficits at the
time of stroke onset.1,2 These patients are usually
ineligible for a tissue plasminogen activator (tPA)
due to mild stroke symptoms (NIHSS score of ≤
3) even within the 4.5-hour time window. Despite
initial mild neurological deficits, a large portion of
patients with acute minor ischemic stroke become
disabled or died.3-8 Previous studies have shown
that early neurological deterioration (END) is the
main factor that contributes to disability or death

after minor ischemic stroke.5,7,9,10 END commonly
follows acute minor ischemic stroke, occurring in
up to one-quarter of patients.9,11 Although there
have been studies on risk factors related to END,
there have been few studies integrating clinical
information and imaging information. Besides,
most of the studies were performed on ischemic
stroke patients regardless of the severity of
symptoms, and were not limited to acute minor
stroke patients.12-14 This study aimed to identify
clinical predictors of END in patients with acute
minor ischemic stroke based on clinical and
neuroimaging information.
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METHODS
We reviewed 739 consecutive patients with acute
minor ischemic stroke who presented to our stroke
center within a 4.5-hour time window between
January 2014 and December 2018. Minor ischemic
stroke was defined as the National Institute of
Health Stroke Scale (NIHSS) score of ≤ 3 on
admission. END was defined as an increment of
at least one point in motor power or total NIHSS
score deterioration ≥ 2 points within 3 days after
admission. The same trained neurologists assessed
the NIHSS score of the patients on a daily basis
during hospitalization. Functional outcome was
assessed by a neurologist blinded to the presence
of END, who rated the modified Rankin Scale
(mRS) score at 90 days after stroke onset.
Unfavorable functional outcome was defined as
an mRS score of ≥ 2. We identified demographic
characteristics (age and sex), risk factors for
vascular diseases (hypertension, diabetes,
hyperlipidemia, smoking, coronary heart disease,
and atrial fibrillation), neuroimaging information
(location and arterial territory), subtypes of stroke,
hemorrhagic transformation, initial NIHSS scores,
and arterial steno-occlusive lesions in the territory
of stroke. Etiological subtypes of ischemic stroke
were classified by the TOAST (Trial of ORG
10172 in Acute Stroke Treatment) criteria.15 All
patients underwent magnetic resonance imaging,
including a diffusion-weighted image (DWI) with
vessel imaging such as computed tomographic
angiography (CTA) or magnetic resonance
angiography (MRA). DWI lesion pattern was
categorized into anterior, posterior, or both
circulations. Hemorrhagic transformation was
defined as any hemorrhage including petechial
hemorrhage in the area of infarction. Hemorrhagic
transformation was determined by brain computed
tomography or magnetic resonance imaging
at 3 days after admission or the day of END.
Arterial stenosis or occlusion in the territory of
stroke was assessed using initial CTA or MRA.
We excluded the patients who had a premorbid
mRS score of ≥ 1, mechanical thrombectomy or
emergent carotid artery stenting, missing mRS
score at 90 days, and new neurological symptoms
after hospital discharge. Enrolled patients were
divided into two groups: those with and those
without END. Demographic characteristics,
risk factors for vascular diseases, subtypes of
stroke, neuroimaging information, hemorrhagic
transformation, initial NIHSS scores, arterial
steno-occlusive lesions in the territory of stroke
and functional outcome were compared between
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the two groups using the chi-square test or
Fisher’s exact test for categorical variables, and an
independent t-test or the Wilcoxon rank-sum test
for continuous variables. Logistic regression was
used to analyze independent predictors of END.
P < 0.05 was considered statistically significant.
All statistical analyses were completed with
SPSS for Windows 5. This study was approved
by the Institutional Review Board of our hospital
with a waiver of informed consent due to the
retrospective nature of the study.
RESULTS
Clinical characteristics
A total of 739 patients (499 men and 240
women, mean age 64.55 ± 11.81) were included
in this study. There was no difference between
patients with END and those without END in
age, gender, vascular risk factors (hypertension,
diabetes, hyperlipidemia, smoking, coronary heart
disease, and atrial fibrillation), location of the
lesion, arterial territory and TOAST classification
(Table 1).
Predictors of early neurological deterioration
Among the 739 patients, 78 (10.55%) patients
had END. In univariate analysis, patients with
END were more likely to have a hemorrhagic
transformation, higher NIHSS score at admission,
and arterial stenosis or occlusion in the territory
of stroke compared with those without END
(Table 1). In multivariate analysis, hemorrhagic
transformation (odds ratio [OR] = 3.80; 95%
confidence interval [CI] = 1.38-10.45), initial
NIHSS score (OR = 1.40; 95% CI = 1.13-1.73),
arterial stenosis (OR = 2.01; 95% CI = 1.15-3.49),
and occlusion (OR = 2.56; 95% CI = 1.36-4.82)
in the territory of stroke were the independent
predictors of END in acute minor ischemic stroke
(Table 2).
Functional outcome and early neurological
deterioration
Of 739 minor stroke patients, 192 (25.98%)
patients had unfavorable functional outcome. The
median 90-day mRS score was higher in patients
with END than in those without END (2.45 vs.
0.83; P < 0.001). When an unfavorable functional
outcome at 90 days was defined as an mRS score
of ≥ 2, the patients with END were more likely to
have unfavorable functional outcome than those
without END. In total, 61 of 78 (78.2%) patients

Table 1: Univariate comparison of clinical characteristics between patients with END and
patients without END
Variables
Age, mean (SD)

Overall
(n =739)

END
(n=78)

No END
(n=661)

*P-value

64.55 (11.81)

66.23 (11.08)

64.35 (11.89)

0.183

Female (%)

240 (32.48)

32 (41.03)

208 (31.47)

0.115

Hypertension (%)

477 (64.55)

45 (57.69)

432 (65.36)

0.225

Diabetes (%)

218 (29.5)

23 (29.49)

195 (29.5)

1.000

Hyperlipidemia (%)

198 (26.79)

16 (20.51)

182 (27.53)

0.234

Smoking (%)

317 (42.9)

29 (37.18)

288 (43.57)

0.338

Coronary heart disease (%)

70 (9.47)

7 (8.97)

63 (9.53)

1.000

117 (15.83)

11 (14.1)

106 (16.04)

0.781

Right

313 (42.35)

32 (41.03)

281 (42.51)

Left

335 (45.33)

39 (50)

296 (44.78)

Bilateral

91 (12.31)

7 (8.97)

84 (12.71)

Anterior circulation

369 (49.93)

42 (53.85)

327 (49.47)

Posterior circulation

333 (45.06)

34 (43.59)

299 (45.23)

37 (5.01)

2 (2.56)

35 (5.3)

LAA

113 (15.29)

13 (16.67)

100 (15.13)

CE

168 (22.73)

12 (15.38)

156 (23.6)

SAO

145 (19.62)

18 (23.08)

127 (19.21)

OD

17 (2.3)

4 (5.13)

13 (1.97)

UD

296 (40.05)

31 (39.74)

265 (40.09)

Hemorrhagic transformation (%)

21 (2.84)

6 (7.69)

15 (2.27)

0.017

Initial NIHSS score, mean (SD)

1.25 (1.09)

1.60 (1.09)

1.21 (1.08)

0.002

164 (22.19)

24 (30.77)

140 (21.18)

98 (13.26)

17 (21.79)

81 (12.25)

1.00 (1.02)

2.45 (1.26)

0.83 (0.84)

Atrial fibrillation (%)
Location of Lesion (%)

0.537

Arterial territory of Lesion (%)

Both

0.510

TOAST classification (%)

Arterial stenosis
in the territory of stroke (%)
Arterial occlusion
in the territory of stroke (%)
mRS at 90 days, mean (SD)

0.219

0.003
<0.001

Abbreviations: END, Early neurological deterioration; TIA, Transient ischemic attack; TOAST, Trial of Org 10172 in
acute stroke treatment; LAA, Large-artery atherosclerosis; CE, Cardioembolism; SAO, Small artery occlusion; OD,
Other determined causes; UD, Undetermined causes; NIHSS, National institutes of health stroke scale; mRS, modified
Rankin Scale; SD, Standard deviation.
*P < 0.05 was considered statistically significant.

with END had unfavorable functional outcome at
90 days after stroke onset. In contrast, 131 of the
remaining 661 (19.81%) patients without END
had unfavorable functional outcome.

DISCUSSION
Our study revealed that about 1 in 10 of acute
minor ischemic stroke patients have neurological
deterioration within 3 days after stroke onset, and
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Table 2: Multivariate analysis of predictors of END in acute minor ischemic stroke*
Variables

OR

Hemorrhagic transformation

3.80

Arterial stenosis in the territory of stroke

2.01

Initial NIHSS score

Arterial occlusion in the territory of stroke

1.40

2.56

95% CI

P-value

1.13-1.73

0.003

1.38-10.45
1.15-3.49

1.36-4.82

0.010

0.014
0.004

Abbreviations: OR, Odds ratio; CI, Confidence interval; NIHSS, National institutes of health stroke scale
*Multivariate analysis included predictors of END on univariate analysis.

the incidence of END was lower than previous
similar studies.11,13 Hemorrhagic transformation,
the severity of the initial neurological deficit (as
measured by the NIHSS), and arterial stenosis or
occlusion in the territory of stroke were significant
predictors of END in acute minor ischemic stroke.
In our study, the frequency (2.84%) of
hemorrhagic transformation was lower than in
previous studies of ischemic stroke.14-19 One
possible explanation for this difference is that
we analyzed only acute minor ischemic stroke
patients who were expected to have a small-sized
infarction; also, our patients had not received
acute reperfusion therapies. We also found that
hemorrhagic transformation was significantly
associated with END, even in patients with minor
ischemic stroke. This finding is in line with
previous studies that have reported the association
of hemorrhagic transformation with neurological
deterioration in stroke patients with moderate to
severe neurological deficits or large infarctions.14-18
We found the association of END with the
severity of initial neurological deficit rated by
the NIHSS scores, as in the previous study.20
These findings might be explained by focal
cerebral edema, the main etiology of neurological
deterioration. Minor ischemic stroke patients with
higher NIHSS scores may have more extensive
infarction than patients with lower NIHSS scores,
and cerebral edema is more likely to be severe in
large infarction.
Several studies have shown the association of
unfavorable outcomes with occlusive lesions in
the intracranial or extracranial arteries.5 Our study
found that arterial stenosis or occlusion in the
territory of stroke were independent predictors
of END. These findings suggest that arterial
steno-occlusive lesions contribute to unfavorable
functional outcome without a recurrence of stroke.
Several studies have reported predictors for
END; however, different factors were suggested
in each study, such as diabetes, occlusion of
the middle cerebral artery, and the stenosis of
the carotid artery.12,21,22 However, there was no
450

significant association with diabetes in our study.
Also, some studies have reported biomarkers
related to END, such as homocysteine, factor
VIII, and D-dimer. We did not analyze these
biomarkers because we have focused on clinical
and neuroimaging information in this study.23-25
Our study, like previous studies, showed that the
outcomes of patients with acute minor ischemic
stroke are not benign.9,26,27 We found that about
one-quarter of patients with acute minor ischemic
stroke have unfavorable functional outcome at 90
days after stroke onset. In particular, patients with
END after acute minor ischemic stroke were more
likely to have unfavorable functional outcome
than those without END.
Our study had some limitations. First, it was a
retrospective analysis of patients at a single stroke
center. Second, the incidence of END is relatively
low. As our study excluded acute minor ischemic
stroke patients who underwent acute reperfusion
therapies (mechanical thrombectomy or emergent
carotid artery stenting), the incidence of END
may have been underestimated. Also, we did not
completely rule out the silent infarction. It may
have been helpful to take follow-up images at 90
days after stroke onset to rule out the recurrence of
a new ischemic stroke during the 90-day followup period. However, as we excluded the patients
who experienced new neurological symptoms
after hospital discharge, follow-up imaging of all
patients in this study was unnecessary. Third, we
did not consider the volume of infarction and the
collateral status. Fourth, we did not continuously
monitor the change of blood pressure and glucose.
Even small changes in blood pressure and
blood sugar may have a significant effect on the
occurrence of END. Also, a previous medication
history of antiplatelet or anticoagulant was not
determined.
In conclusion, our findings demonstrated
that hemorrhagic transformation, higher NIHSS
score at admission, and arterial steno-occlusive
lesions in the territory of stroke were independent
predictors of END in patients with acute minor

ischemic stroke. Furthermore, END contributed
to unfavorable functional outcome in patients
with acute minor ischemic stroke.
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