Research

Early neurological stability predicts
adverse outcome after acute
ischemic stroke

International Journal of Stroke
2016, Vol. 11(8) 882–889
! 2016 World Stroke Organization
Reprints and permissions:
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/1747493016654484
wso.sagepub.com

Hannah J Irvine1, Thomas WK Battey1, Ann-Christin Ostwaldt1,
Bruce CV Campbell2,3, Stephen M Davis2, Geoffrey A Donnan3,
Kevin N Sheth4 and W Taylor Kimberly1,5
Abstract
Background: Deterioration in the National Institutes of Health Stroke Scale (NIHSS) in the early days after stroke is
associated with progressive infarction, brain edema, and/or hemorrhage, leading to worse outcome.
Aims: We sought to determine whether a stable NIHSS score represents an adverse or favorable course.
Methods: Brain magnetic resonance images from a research cohort of acute ischemic stroke patients were analyzed.
Using NIHSS scores at baseline and follow-up (day 3–5), patients were categorized into early neurological deterioration
(NIHSS  4), early neurological recovery (NIHSS  4) or early neurological stability (NIHSS between 3 and 3).
The association between these categories and volume of infarct growth, volume of swelling, parenchymal hemorrhage,
and 3-month modified Rankin Scale score were evaluated.
Results: Patients with early neurological deterioration or early neurological stability were less likely to be independent
(modified Rankin Scale ¼ 0–2) at 3 months compared to those with early neurological recovery (P < 0.001). Patients with
early neurological deterioration or early neurological stability were observed to have significantly greater infarct growth
and swelling volumes than those with early neurological recovery (P ¼ 0.03; P < 0.001, respectively). Brain edema was
more common than the other imaging markers investigated and was independently associated with a stable or worsening
NIHSS score after adjustment for age, baseline stroke volume, infarct growth volume, presence of parenchymal hemorrhage, and reperfusion (P < 0.0001).
Conclusions: Stable NIHSS score in the subacute period after ischemic stroke may not be benign and is associated with
tissue injury, including infarct growth and brain edema. Early improvement is considerably more likely to occur in the
absence of these factors.
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Introduction
In patients suﬀering acute stroke, the degree of neurological deﬁcit frequently changes after initial presentation.1 The evolution of neurological impairment in the
early days after stroke onset inﬂuences long-term outcome.2 Accordingly, the subacute National Institutes of
Health Stroke Scale (NIHSS) score following stroke is a
stronger predictor of long-term global disability than
the baseline score.3
Prior studies have focused on the implications of
dramatic worsening after stroke,4–6 termed early neurological deterioration (END), and commonly deﬁned as
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an increase of 4 in the NIHSS.1,7,8 Up to one-third of
stroke patients experience END,3,6 although the frequency varies with the precise deﬁnition used.9 The
relationship of END with secondary tissue injury and
poor long-term outcome is well established.5,6,10–12 In
contrast, less is known about patients with early neurological stability (ENS), who exhibit a stable neurological exam in the subacute period.
Understanding the factors that predict subacute deficit changes can advance prognostication and may identify putative therapeutic targets to improve long-term
outcome. Several factors have been postulated to contribute to secondary neurological injury such as brain
edema6,13, infarct growth2,12,14,15, parenchymal hemorrhage (PH)4,10, revascularization status16,17, and metabolic factors including hyperglycemia5,10,11,18,19. Recent
MRI-based methods can distinguish and quantify several of these processes in a wide array of stroke
severity.20

Aims and hypothesis
In this study, we sought to determine whether subacute
stability in neurological deﬁcit, ENS, was a sign of
uneventful recovery or unrecognized injury. We also
sought to characterize the relative contributions of
brain edema, infarct growth, PH, and revascularization
to early neurological course after stroke. We hypothesized that ENS and END are both adverse clinical
manifestations of secondary tissue injury.

Methods
Patient characteristics
Patients enrolled in the Echoplanar Imaging
Thrombolysis
Evaluation
Trial
(EPITHET,
NCT00238537) were analyzed. Details of the cohort
have been previously described.21 In brief, the
EPITHET study enrolled acute hemispheric ischemic
stroke patients who presented 3–6 h after symptom
onset, with an NIHSS score greater than 4. Magnetic
resonance imaging (MRI), magnetic resonance angiography (MRA), perfusion-weighted imaging (PWI), and
NIHSS assessments were performed at baseline and day
3–5. Long-term outcome was measured with 90-day
modiﬁed Rankin Scale (mRS) score, with good outcome deﬁned as mRS of 0–2 and poor outcome as
mRS of 3–6.21
EPITHET patients lacking day 3–5 MRI or PWI, or
patients with DWI of insuﬃcient quality were excluded
from the present analysis. The Institutional Review
Board approved this study, and all patients or their
legally authorized representative originally provided
informed consent.
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Early neurological deterioration, stability, and
recovery
The change in NIHSS (NIHSS) was derived for each
subject by subtracting follow-up NIHSS from the baseline score. In accordance with prior literature, we
deﬁned END as an increase of 4 points and early
neurological recovery (ENR) as a decrease of 4
points.1,4,8,11 Patients with NIHSS values between
3 and 3 were considered to have ENS.

Imaging analysis
Region-of-interest (ROI) analysis was conducted as
previously described,20,22 using a semi-automated
method in Analyze 11.0 (Biomedical Imaging
Resource, Rochester, MN). Baseline and follow-up
stroke ROIs were outlined on DWI. Lesion volumes
were determined and the change in total lesion
volume (DWI) from baseline to follow-up was calculated. The component volumes attributable to brain
edema, infarct growth, and PH were determined for
each subject by comparing baseline and follow-up
scans. These variables were distinguished and quantiﬁed using previously described methodology20,22
(see Supplementary Figure 1 for demonstration of this
imaging analysis approach).
New areas of infarction (not present on the baseline
DWI) were identiﬁed on follow-up DWI. The presence
of PH (deﬁned as PH1 and PH2) was based on the designation from the original EPITHET report.21 PH
volume was quantiﬁed in Analyze 11.0. Swelling volumes were calculated based on the relationship: swelling
volume ¼ DWI volume  infarct growth volume  PH
volume. Each variable was also dichotomized and analyzed for association with poor outcome. Swelling
volume was dichotomized at >11 mL and infarct
growth at ASPECTS score >2 based on thresholds
previously demonstrated to predict clinical outcome.20
Hemorrhagic transformation (HT) was dichotomized
based on the presence or absence of PH.23
Revascularization was assessed by reperfusion and
recanalization measures.24,25 Reperfusion was deﬁned
as >90% reduction in the volume of the perfusionweighted imaging deﬁcit between baseline and day
3–5, as previously reported.21 To assess recanalization,
we evaluated vessel occlusion status between baseline
and day 3–5 MRA. We deﬁned persistent occlusion as
the continued presence of occlusion at the same site
between baseline and follow-up MRA, partial recanalization as an improvement in the degree of obstruction
without complete resolution, and complete recanalization as normal follow-up MRA that was occluded at
baseline. Finally, a normal study had a patent MRA at
baseline and follow-up.
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Statistical analysis
Diﬀerences between ENR, ENS, and END groups
were analyzed using the Fisher’s exact or chi-squared
test for binary variables, and ANOVA or Kruskal–
Wallis testing for continuous variables. Univariate
regression was performed to investigate the association
between imaging variables and NIHSS. Multivariate
linear regression modeling was performed to assess the
independent eﬀects of swelling, infarct growth, HT,
and reperfusion status on continuous NIHSS score.
To evaluate for collinearity in this model, Variable
Inﬂation Factor (VIF) and correlation of the estimate
values were generated. These data are provided in the
Supplementary Material. Using multivariate logistic
regression, we also compared predictors of ENR
versus ENS combined with END. All tests were twosided and performed with the threshold for signiﬁcance
set at P < 0.05 using JMP Pro 11.0 (SAS Institute,
Cary, NC).

Results
Study population
Of 101 subjects enrolled in the EPITHET study, 75
were included in the present analysis. Thirteen patients
were excluded because of insuﬃcient DWI quality, 11
had no follow-up MRI, and 2 had no follow-up NIHSS
assessment. Of patients included in this investigation,
31 had ENR (41%), 36 had ENS (48%), and 8 had
END (11%). The clinical characteristics of each
group are reported in Table 1. The groups were similar
in age, comorbidities, and admission NIHSS. Patients
exhibiting ENR had smaller baseline stroke lesions on
DWI (P ¼ 0.02) and were more likely to have experienced reperfusion (P ¼ 0.0002).

ENS and functional outcome
We found that NIHSS was independently associated
with 90-day mRS score after adjustment for age, sex,
baseline NIHSS, baseline stroke volume, and admission
blood glucose levels (P < 0.001; see Supplemental
Table 1). Poor functional outcome was common in
patients with ENS (75%) and END (100%) as compared to those with ENR (25%) (Figure 1, P < 0.001).

ENS is associated with secondary tissue injury
Patients with and without PH had diﬀering NIHSS
(2  7 versus 3  5, respectively, P ¼ 0.006).
Accordingly, patients exhibiting ENR had a lower incidence of PH (3%, P ¼ 0.04) versus ENS (19%) and
END (25%) (Figure 2(a)).
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Larger infarct growth was associated with NIHSS
(r ¼ 0.34, P < 0.005). In accord, Figure 2(b) demonstrates that median infarct growth volume was smaller
in patients with ENR relative to ENS and END
(Kruskal–Wallis test, P ¼ 0.03).
Figure 2(c) demonstrates a stepwise increase in swelling volume in patients with ENR (7  4 mL), compared
with those with ENS (32  4 mL) and END (48  8 mL;
ANOVA, P < 0.0001). When dichotomized at the threshold of > 11 mL, swelling was evident in only 16% of
patients with ENR, but in 69% of those with ENS and
63% of those with END (P < 0.0001, Figure 2(d)).
Supplementary Figure 2 depicts the relative frequency of each type of secondary injury in patients
with ENS and END combined. Swelling was evident in
68% of patients, whereas PH and infarct growth were
evident in 20% and 25%, respectively. Swelling alone,
without co-association of PH or infarct growth, was
observed in 32% of patients. Infarct growth and PH
alone were each observed in 2% of patients. Only 27%
of patients who experienced ENS or END did not have
PH, infarct growth, or swelling.
Next, we evaluated the eﬀect of revascularization
(e.g. reperfusion and recanalization), which is consistently associated with good outcome.26–29 Reperfusion
was observed frequently with ENR (69%), less frequently with ENS (22%), and rarely with END
(13%) (P < 0.001). Similarly, recanalization was exhibited by 36% of patients with ENR, by 9% with ENS
and 0% with END (P < 0.001).

Independent predictors of early
neurological course
We next developed a multivariate model to investigate
independent predictors of early change in NIHSS. We
incorporated the imaging markers of secondary injury in
addition to previously reported predictors of NIHSS,
including admission glucose, baseline DWI lesion
volume, and reperfusion status.5,6,10,12,30 Of these, only
swelling volume and reperfusion independently predicted
NIHSS (Table 2, model 1). These results were
unchanged when substituting recanalization status for
reperfusion (Supplementary Table 4). To assess for multicollinearity in Multivariate Model 1, VIF and correlation of the estimates values were generated. All VIF
values were below 10, with none exceeding 2.75. This,
in conjunction with low correlation between included
predictors, supports an absence of multicollinearity in
the model (see Supplementary Tables 2 and 3).
Because our results suggested that ENS and END
represent a similar adverse neurological course, we
dichotomized NIHSS into ENR versus ENS and
END. In multivariate logistic regression, swelling

Irvine et al.

885

Table 1. Clinical and imaging characteristics of the EPITHET cohort
ENR
(n ¼ 31)

ENS
(n ¼ 36)

END
(n ¼ 8)

P value

Age (years), mean  SD

71  13

73  14

75  8

0.69

Sex, male, n (%)

16 (52)

20 (56)

5 (63)

0.85

Admission MAP (mmHg), mean  SD

99  12

100  12

106  14

0.55

Admission glucose (mmol/L), median (IQR)

7 (6–8)

7 (6–8)

8 (7–12.5)

0.09

Smoking history, yes, n (%)

11 (35)

15 (42)

3 (38)

0.87

Diabetes mellitus

6 (19)

8 (22)

3 (38)

0.55

Hypertension

21 (68)

23 (64)

8 (100)

0.13

Hyperlipidemia

17 (55)

12 (33)

4 (50)

0.20

Atrial fibrillation

12 (39)

16 (44)

2 (25)

0.59

IV tPA, n (%)

19 (61)

12 (33)

4 (50)

0.07

Time to IV tPA treatment (min), mean  SD

293  45

293  50

292  44

0.99

Admission NIHSS, median (IQR)

11 (10–16)

14 (7–18)

12 (10–17)

0.71

Follow-up NIHSS, median (IQR)

3 (2–8)

13 (8–19)

21 (17–24)

<0.0001***

Admission DWI volume (mL), median (IQR)

11 (7–31)

31 (12–69)

23 (10–116)

0.02*

Admission PWI volume (mL), median (IQR)

142 (94–214)

198 (83–257)

208 (101–369)

0.30

Swelling volume (mL), mean  SD

7  4.2

32  3.9

48  8.2

<0.0001***

Infarct growth volume (mL), median (IQR)

0.9 (0–6)

10 (0–32)

9 (1–40)

0.03*

Parenchymal hemorrhage, n (%)

1 (3)

7 (19)

2 (25)

0.04*

Reperfusion, n (%)

20 (69)

7 (22)

1 (13)

0.0002***

Comorbidities, n (%)

DWI: diffusion-weighted imaging; IV tPA: intravenous tissue plasminogen activator; NIHSS: National Institutes of Health Stroke Scale; MAP: mean
arterial pressure; PWI: perfusion-weighted imaging; reperfusion: >90% reduction in perfusion-weighted imaging deficit volume between baseline and
day 3–5.
*P < 0.05; **P < 0.01; ***P < 0.001.

volume and absence of reperfusion were independent
predictors of ENS and END (Table 2, model 2).

Discussion
In this study, we report that a stable neurological exam
after stroke is an adverse prognostic sign for recovery
irrespective of baseline NIHSS score. We ﬁnd that
patients with ENS are at high risk for poor long-term
outcome, and that ongoing tissue injury might mediate
this association. Furthermore, in this cohort of moderate-to-severe stroke, almost half of patients exhibited
ENS. These data underscore the clinical importance

of ENS and of studying the factors that may predict
its incidence.
Although PH was associated with END and ENS, it
was the least common form of secondary injury.
Although we hypothesized that PH may lead to ENS
or END independently, its frequent co-association with
edema made it diﬃcult to study as a separate entity in
this cohort.
Infarct growth was associated with END and ENS
in univariate analysis; however, it was not an independent predictor of NIHSS. We hypothesize that the
association between infarct growth and outcome was
mediated by the stronger eﬀect leveraged by reperfusion
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in our model. Accordingly, reperfusion was an independent predictor of improving NIHSS score in multivariate analyses. These ﬁndings are consistent with
prior studies demonstrating the robust clinical beneﬁt
Figure 1. Distribution of 90-day modified Rankin Scale
(mRS) scores for patients with early neurological recovery
(ENR), stability (ENS), and deterioration (END). The righthand key represents each category of mRS as labeled. The
height of each bar represents the proportion of ENR, ENS,
and END in this cohort (41%, 48%, and 11%, respectively).
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of reperfusion.29,31 That said, it was not the only independent predictor of NIHSS, suggesting that reperfusion does not account for all of the variability in early
neurological course. Our analyses reveal that brain
edema may be another contributor.
Brain edema was the most common form of secondary neurological injury, and it occurred in isolation in
about one-third of patients. This, in conjunction with
our ﬁnding that swelling volume independently predicts
worsening NIHSS score, suggests that moderate swelling may be a more common form of secondary injury
than previously appreciated. Validation in additional
cohorts and prospective study would be necessary to
establish whether there is any causal link between moderate brain edema and long-term outcome.
Unexplained ENS-END was less common in our
study relative to prior reports.18 Our study accounted
for about three quarters of cases. Although this may be
explained by increased detection via our imaging methods, alternatives such as diﬀerences in cohort severity
and/or treatment rates with IV tPA are also possible.
The unaccounted for sources of ENS-END may

Figure 2. Association of early neurological course with markers of secondary injury. (a) Parenchymal hemorrhage (PH) is more
common in patients with early neurological stability (ENS) and deterioration (END) than in those with early neurological recovery
(ENR; P ¼ 0.04). (b) There is a significant difference in infarct growth in patients among the three categories (*P ¼ 0.03).
(c) Swelling volume demonstrates a stepwise association with ENR, ENS, and END (ANOVA; ***P < 0.0001). (d) Subjects with
swelling volumes > 11 mL were significantly more likely to have ENS or END than ENR (P < 0.0001).
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Table 2. Univariate and multivariate predictors of change in NIHSS from baseline to day 3–5
Univariate analyses

Multivariate model 1

Multivariate model 2

NIHSS

NIHSS
R2 ¼ 0.44

ENR vs. ENSþEND
R2 ¼ 0.38, AUC ¼ 0.881

b

95% CI

Age

0.027

Admission
glucose

5.96

2.07–9.85

0.055

Admission
DWI

3.04

0.40–5.67

0.0043**

Infarct
growth

2.53

0.76–4.30

0.01*

Swelling

0.11

0.071–0.15

<0.0001***

4.6 to0.82

0.0055**

PH
Reperfusion

2.71
2.6

0.078 to 0.13

P value

1.3–4.0

Adjusted
b

Adjusted
OR

95% CI

P value

0.33

0.93

0.26–3.6

0.91

0.007**

0.94

0.88–0.98

0.014*

0.15

0.26

0.012–2.3

0.27

0.043*

4.1

1.2–17

0.036*

95% CI

P value

3.54

0.57 to 7.66

0.09

0.83

4.31 to 2.65

0.66

0.02

0.02 to 0.05

0.10

0.02–0.17

0.61

0.0001***

1.26
1.37

2.98 to 0.46
0.05–2.69

Admission glucose and admission DWI volume were log transformed before inclusion in Multivariate model 1. Data are from the Echoplanar Imaging
Thrombolysis Evaluation Trial (EPITHET) cohort.
CI: confidence interval; NIHSS: change in National Institutes of Health Stroke Scale score from baseline to day 3–5; DWI: diffusion-weighted imaging;
ENR: early neurological recovery; ENS: early neurological stability; END: early neurological deterioration; OR: odds ratio; PH: presence of parenchymal
hemorrhage 1 or 2; reperfusion: >90% reduction in perfusion-weighted imaging deficit volume between baseline and day 3–5.
*P < 0.05; **P < 0.01; ***P < 0.001.

include metabolic eﬀects,11 systemic complications
such as infection,32 disruptions in local perfusion
from thrombus extension,8,18 or other unknown
sources.
Our study has limitations. This was a retrospective
analysis performed in a cohort of moderate-to-severe
infarction. Our results may not be generalizable to
small and/or mild strokes. Second, we used a change
of 4 NIHSS points to assign individuals to ENR,
ENS, and END, based on accepted deﬁnitions,5,7 and
to maintain inter-rater reliability.33 Additionally, our
sample size was relatively small, particularly with
respect to the END subgroup. The uneven sample
sizes of ENR, ENS, and END subgroups may have
skewed our results. However, our analysis of
NIHSS as a continuous variable avoided these limitations and supports the eﬀect of swelling on early outcome. Finally, although the characteristics of the END
subgroup are similar to prior reports,5,6 the exclusion
of 11 patients that lacked day follow-up MRI may have
introduced bias into our analyses. These patients may
have been more likely to have neurological deterioration preventing imaging from being performed.
While this may underestimate the prevalence for each
factor on END, it does not aﬀect our main ﬁnding that

neurological stability represents an equally adverse
neurological course in the days after stroke.

Conclusions
Our study identiﬁes ENS as an adverse prognostic
sign for recovery after stroke. Ongoing tissue injury,
including infarct growth, hemorrhage, and brain
edema may manifest as a persistence in the severity
of neurological deﬁcit, preventing ENR. Identifying
therapeutic strategies to limit the impact of each of
these factors may promote both early and long-term
recovery.
Declaration of conflicting interests
The author(s) declared no potential conﬂicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding
The author(s) disclosed receipt of the following ﬁnancial support for the research, authorship, and/or publication of this
article: Original funding for the EPITHET trial was from the
National Health and Medical Research Council, Australia,
for the EPITHET trial (S.M.D., G.A.D.). The analysis

International Journal of Stroke, 11(8)

888
performed for this study was funded in part by the NIH/
NINDS K23NS076597 (W.T.K.).

References
1. Wityk RJ, Pessin MS, Kaplan RF, et al. Serial assessment
of acute stroke using the NIH Stroke Scale. Stroke 1994;
25: 362–365.
2. Alawneh JA, Moustafa RR and Baron JC.
Hemodynamic factors and perfusion abnormalities in
early neurological deterioration. Stroke 2009; 40:
e443–e450.
3. Saver JL and Altman H. Relationship between neurologic deficit severity and final functional outcome shifts
and strengthens during first hours after onset. Stroke
2012; 43: 1537–1541.
4. Zinkstok SM, Beenen LF, Majoie CB, et al. Early deterioration after thrombolysis plus aspirin in acute stroke:
a post hoc analysis of the Antiplatelet Therapy in
Combination with Recombinant t-PA Thrombolysis in
Ischemic Stroke trial. Stroke 2014; 45: 3080–3082.
5. Davalos A, Cendra E, Teruel J, et al. Deteriorating ischemic stroke: risk factors and prognosis. Neurology 1990;
40: 1865–1869.
6. Davalos A, Toni D, Iweins F, et al. Neurological
deterioration in acute ischemic stroke: potential predictors and associated factors in the European cooperative acute stroke study (ECASS) I. Stroke 1999; 30:
2631–2636.
7. Brott TG, Haley EC Jr, Levy DE, et al. Urgent therapy
for stroke. Part I. Pilot study of tissue plasminogen activator administered within 90 minutes. Stroke 1992; 23:
632–640.
8. Arenillas JF, Rovira A, Molina CA, et al. Prediction of
early neurological deterioration using diffusion- and perfusion-weighted imaging in hyperacute middle cerebral
artery ischemic stroke. Stroke 2002; 33: 2197–2203.
9. Siegler JE and Martin-Schild S. Early Neurological
Deterioration (END) after stroke: the END depends on
the definition. Int J Stroke 2011; 6: 211–212.
10. Grotta JC, Welch KM, Fagan SC, et al. Clinical deterioration following improvement in the NINDS rt-PA
Stroke Trial. Stroke 2001; 32: 661–668.
11. Mori M, Naganuma M, Okada Y, et al. Early neurological deterioration within 24 hours after intravenous
rt-PA therapy for stroke patients: the Stroke Acute
Management with Urgent Risk Factor Assessment and
Improvement rt-PA Registry. Cerebrovasc Dis 2012; 34:
140–146.
12. Georgiadis D, Engelter S, Tettenborn B, et al. Early
recurrent ischemic stroke in stroke patients undergoing
intravenous thrombolysis. Circulation 2006; 114:
237–241.
13. Seners P, Turc G, Oppenheim C, et al. Incidence, causes
and predictors of neurological deterioration occurring
within 24 h following acute ischaemic stroke: a systematic
review with pathophysiological implications. J Neurol
Neurosurg Psychiatry 2015; 86: 87–94.

International Journal of Stroke, 11(8)

International Journal of Stroke 11(8)
14. Saqqur M, Molina CA, Salam A, et al. Clinical deterioration after intravenous recombinant tissue plasminogen
activator treatment: a multicenter transcranial Doppler
study. Stroke 2007; 38: 69–74.
15. Awadh M, MacDougall N, Santosh C, et al. Early recurrent ischemic stroke complicating intravenous thrombolysis for stroke: incidence and association with atrial
fibrillation. Stroke 2010; 41: 1990–1995.
16. Christou I, Alexandrov AV, Burgin WS, et al. Timing of
recanalization after tissue plasminogen activator therapy
determined by transcranial doppler correlates with clinical recovery from ischemic stroke. Stroke 2000; 31:
1812–1816.
17. Felberg RA, Okon NJ, El-Mitwalli A, et al. Early dramatic recovery during intravenous tissue plasminogen
activator infusion: Clinical pattern and outcome in
acute middle cerebral artery stroke. Stroke 2002; 33:
1301–1307.
18. Seners P, Turc G, Tisserand M, et al. Unexplained early
neurological deterioration after intravenous thrombolysis: incidence, predictors, and associated factors. Stroke
2014; 45: 2004–2009.
19. Siegler JE, Boehme AK, Kumar AD, et al. Identification
of modifiable and nonmodifiable risk factors for neurologic deterioration after acute ischemic stroke. J Stroke
Cerebrovasc Dis 2013; 22: e207–e213.
20. Battey TW, Karki M, Singhal AB, et al. Brain edema
predicts outcome after nonlacunar ischemic stroke.
Stroke 2014; 45: 3643–3648.
21. Davis SM, Donnan GA, Parsons MW, et al. Effects of
alteplase beyond 3 h after stroke in the Echoplanar
Imaging Thrombolytic Evaluation Trial (EPITHET): a
placebo-controlled randomised trial. Lancet Neurol
2008; 7: 299–309.
22. Kimberly WT, Battey TW, Pham L, et al. Glyburide is
associated with attenuated vasogenic edema in stroke
patients. Neurocrit Care 2014; 20: 193–201.
23. Paciaroni M, Agnelli G, Corea F, et al. Early hemorrhagic
transformation of brain infarction: rate, predictive factors,
and influence on clinical outcome: results of a prospective
multicenter study. Stroke 2008; 39: 2249–2256.
24. Cho T-H, Nighoghossian N, Mikkelsen IK, et al.
Reperfusion within 6 hours outperforms recanalization
in predicting penumbra salvage, lesion growth,
final infarct, and clinical outcome. Stroke 2015; 46:
1582–1589.
25. Tsai JP and Albers GW. Reperfusion versus recanalization: The winner is . . .. Stroke 2015; 46: 1433–1434.
26. del Zoppo GJ and Koziol JA. Recanalization and stroke
outcome. Circulation 2007; 115: 2602–2605.
27. Rha JH and Saver JL. The impact of recanalization on
ischemic stroke outcome: a meta-analysis. Stroke 2007;
38: 967–973.
28. Albers GW, Thijs VN, Wechsler L, et al. Magnetic resonance imaging profiles predict clinical response to early
reperfusion: the diffusion and perfusion imaging evaluation for understanding stroke evolution (DEFUSE)
study. Ann Neurol 2006; 60: 508–517.

Irvine et al.
29. Cho TH, Nighoghossian N, Mikkelsen IK, et al.
Reperfusion within 6 hours outperforms recanalization
in predicting penumbra salvage, lesion growth, final
infarct, and clinical outcome. Stroke 2015; 46: 1582–1589.
30. Alexandrov AV, Demchuk AM, Felberg RA, et al. High
rate of complete recanalization and dramatic clinical
recovery during tPA infusion when continuously monitored with 2-MHz transcranial doppler monitoring.
Stroke 2000; 31: 610–614.

889
31. Khatri P, Neff J, Broderick JP, et al. Revascularization end
points in stroke interventional trials: recanalization versus
reperfusion in IMS-I. Stroke 2005; 36: 2400–2403.
32. Karepov VG, Gur AY, Bova I, et al. Stroke-in-evolution:
infarct-inherent mechanisms versus systemic causes.
Cerebrovasc Dis 2006; 21: 42–46.
33. Josephson SA, Hills NK and Johnston SC. NIH Stroke
Scale reliability in ratings from a large sample of clinicians. Cerebrovasc Dis 2006; 22: 389–395.

International Journal of Stroke, 11(8)

