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Factors associated with
functional disability in patients
with acute stroke excluded from
alteplase administration due to
minor non-disabling
neurological deficits

Yong Jin Kim, Seok Hong Choi, Tae Young Kim,

Hyeon-Mi Park, Dong Jin Shin and Dong Hoon Shin*

Department of Neurology, Gachon University College of Medicine, Incheon, South Korea

Background: Although the PRISMS study did not demonstrate the benefit of

intravenous alteplase administration in patients with mild stroke within 3h,

about 30% of patients presenting with mild symptoms showed unfavorable

functional outcomes. We investigated the factors predictive of functional

disability at 90 days in patients who were excluded from alteplase

administration due to the National Institutes of Health Stroke Scale (NIHSS)

scores of 0–5 and a score between 0 and 2 for each NIHSS score item.

Methods: All patients were diagnosed with acute ischemic stroke or transient

ischemic attack within 4.5 h of admission to a tertiary hospital and did not

receive alteplase due to a minor stroke between January 2013 and December

2020. Radiological data and clinical information were collected, including

baseline and discharge NIHSS scores and modified Rankin Scale (mRS) scores

at 90 days. Early neurological deterioration (END) was defined as an increase of

two or more NIHSS scores. We defined moderate motor weakness as a NIHSS

limb motor score of more than 3 and defined a favorable outcome as a mRS

score at 90 days that was 0 or 1.

Results: During the investigation period, 400 patients did not receive

alteplase. END occurred significantly more frequently in patients with large

artery disease (LAD) than in those with other TOAST classifications. In the

multivariate regression analysis, NIHSS per 1-point increase, presenting as

moderate motor weakness, and LAD were independent predictors of poor

functional outcome (OR, 1.811 NIHSS per 1-point increase; 95% confidence

interval [CI], 1.503–2.182; P < 0.0001; OR, 2.173 moderate motor weakness;

95% CI 1.028–4.595; P = 0.042; OR, 2.033 LAD; 95% CI 1.099–3.762;

P = 0.024, respectively).

Conclusion: Moderate motor weakness presentation and LAD may be

important factors associated with poor functional outcomes in patients with

acute stroke excluded from alteplase administration due to mild symptoms.

KEYWORDS

alteplase, acute ischemic stroke, minor, hyperacute treatment, functional outcome

after acute stroke
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1. Introduction

Intravenous (IV) thrombolytic treatment with alteplase,

initiated within 4.5 h after the onset of symptoms, has been

shown to reduce patient disability compared with placebo (1, 2).

However, the effects of alteplase in patients with mild symptoms

are unclear because many clinical trials involving the use of

alteplase have excluded these patients (3–5).

A mild stroke symptom is the most common cause for

the exclusion of thrombolytic treatment (6). However, many of

these patients have recurrent events or disabilities despite mild

symptoms at the initial presentation. Prospective data suggest

that 30% of patients with the National Institutes of Health Stroke

Scale (NIHSS) scores 0–3 or transient ischemic attack (TIA)

have a functional disability 90 days after stroke (7). Therefore,

to avoid disability, the number of IV alteplase administrations

for patients with mild symptoms has increased (8).

The Phase IIIb, Double-Blind, Multicenter Study to Evaluate

the Efficacy and Safety of Alteplase in Patients with Mild Stroke:

Rapidly Improving Symptoms and Minor Neurologic Deficits

(PRISMS) trial tested the efficacy and safety of IV alteplase

in patients with NIHSS scores 0–5 and non-disabling deficits;

however, IV alteplase administration was not beneficial within

3 h of onset (9). Based on the finding of this trial, IV alteplase is

not recommended for patients with mild stroke in the current

AHA/ASA guidelines (strength of recommendation class III

[No benefit]; quality of evidence level B-R [Randomized]) (10).

Although the PRISMS study did not demonstrate an effect

in patients with mild stroke, 6–15% of patients with acute

ischemic stroke presenting with minor neurological deficits

initially experienced neurological deterioration during the acute

period, and ∼30% of patients presenting with mild symptoms

showed unfavorable functional outcomes (11, 12). Therefore,

there is a need to identify factors associated with these outcomes

in patients with these gray zones.

Stroke is associated with critical disabilities in humans, and

the administration of alteplase is the only medical treatment

for the hyperacute phase. Therefore, re-evaluation of indications

is necessary, and the analysis of factors associated with poor

functional outcomes among patients excluded from IV alteplase

can help to modify the exclusion criteria. The objective of

this study was to investigate factors associated with functional

disabilities at 90 days in patients excluded from alteplase

administration due to the initial NIHSS scores of 0–5 and minor

non-disabling neurological deficits.

2. Methods

The local Institutional Review Board reviewed the study. It

waived the requirement for ethical approval in compliance with

governmental laws and regulations and informed consent since

we only accessed de-identified previously collected data.

2.1. Study population

This study is a retrospective observational study conducted

in a single center. Among all patients diagnosed with acute

ischemic stroke or TIA within 4.5 h of admission to a tertiary

hospital from 1 January 2013 to 31 December 2020, we enrolled

patients with acute ischemic stroke who did not receive alteplase

due to NIHSS scores of 0–5 and whose deficits were not

initially disabling. Minor non-disabling acute ischemic stroke

was identified as patients with baseline National Institutes of

Health Stroke Scale (NIHSS) score ≤5 and a score between 0

and 2 for each NIHSS score item.We excluded patients with pre-

stroke disability (modified Rankin Scale score of 2–6) and with

contraindication for alteplase in the current clinical guidelines.

Figure 1 shows patient flow according to inclusion and exclusion

criteria. Patients who did not receive alteplase received 100mg

of oral aspirin and 75mg of clopidogrel. According to our local

protocol, patients with acute ischemic stroke or TIA within 4.5 h

underwent baseline neuroimaging, such as precontrast brain

computer tomography (CT), brain CT angiography, and brain

magnetic resonance image (MRI), including diffusion restriction

image and fluid-attenuated inversion recovery (FLAIR). In

addition, all patients who were hospitalized and received dual

antiplatelet therapy were checked for drug resistance tests by

using a new-generation impedance aggregometer (MultiplateR

analyzer; Roche Diagnostics, Mannheim, Germany). Clinical

management was based on institutional protocols and clinical

guidelines for stroke care. The patient underwent follow-up

neuroimaging (MRI) within 20–28 h after symptom onset.

2.2. Data collection and methods

Radiological data and clinical outcomes that were collected

included: (1) baseline neuroimaging, NIHSS score, and mRS;

(2) repeat neuroimaging after 20–28 h; (3) discharge NIHSS

score, TOAST classification (consisting of small artery disease

[SAD], large artery disease [LAD], cardioembolic [CE], other

etiology [others], and undetermined etiology [Undetermined]),

and mRS; and (4) mRS after 90 days, scored during outpatient

follow-up. To compare minor non-disabling stroke presenting

as mild dysarthria, ataxia, and mild motor weakness, we

defined moderate motor weakness (including dysarthria and

facial weakness) when the limb motor score of the NIHSS

was ≥3. Early neurological deterioration (END) was defined

as an increase of two or more NIHSS scores compared with

the best neurological status within 7 days after stroke (13).

We defined favorable functional outcomes at 90 days after

stroke as a modified Rankin Scale (mRS) score of 0 or 1 (total

range, 0 [symptom-free] to 6 [dead]). Fluid-attenuated inversion

recovery hyperintense arteries (FLAIR-HAs) were defined as

focal, tubular, or serpentine hyperintensities that correspond to

a typical arterial course in the FLAIR sequence (14).
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FIGURE 1

Patient flow of this study.
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2.3. Statistical analyses

Categorical variables were expressed as numbers and

percentages, while continuous variables were expressed as mean

± standard deviation. An analysis was performed to determine

whether the etiology of cerebral infarction according to TOAST

classification and factors of anterior and posterior circulation

infarction affected the clinical outcome and frequency of

END. Multiple regression analysis was performed to determine

predictive factors for poor functional outcomes in patients

who did not receive alteplase 90 days after stroke. Potential

predictors (P ≤ 0.2) in the univariate analysis were included

in the full multivariate model. The final multivariate model

was adjusted for sex. The study rejected the null hypotheses

(no difference between the groups) if P-values were <0.05 and

considered equivalence if the 95% confidence intervals (CIs) of

risk point estimates excluded 1. Statistical Package for Social

Sciences 19.0 (SPSS Inc., Chicago, Illinois, USA) was used for

statistical analyses.

3. Results

3.1. Characteristics of the study
population

A total of 400 patients who were not administered alteplase

[alteplase (–) group] were enrolled from 1 January 2013 to 31

December 2020, with a mean age of 64.8 ± 12.3 years; 246

(61.5%) of these were women. The baseline characteristics of

patients are shown in Table 1. The medical risk factors of the

study group were as follows: hypertension, 223 patients (55.8%);

diabetes mellitus, 113 (28.3%); hyperlipidemia, 66 (16.5%);

smoking, 205 (35%); and atrial fibrillation, 62 (15.5%). Notably,

57 (14.3%) and 40 (10.0%) patients had histories of stroke and

coronary heart disease, respectively. The most prevalent stroke

subtypes were: SAD in 127 patients (31.8%), LAD in 118 (29.5%),

and CE in 86 (21.5%). The most prevalent baseline NIHSS was 0

(36.3%) in the alteplase (–) group.

3.2. Analysis for predicting poor
functional outcomes at 90 days in the
alteplase (–) group

There was no significant relationship in aspects of functional

outcome at 3 months in the factors of anterior and posterior

circulatory infarction. LAD was significantly more prevalent

(42.7%, P = 0.042) than other TOAST classifications in 89

patients with poor functional outcomes (2–6 mRS at 90 days)

(Table 2).

In the alteplase (–) group, END occurred significantly more

frequently in the LAD group than in the non-LAD TOAST

TABLE 1 Baseline characteristics of this study.

Intravenous alteplase (–)
(n = 400)

Age, years 64.8± 12.3

Male, n (%) 246 (61.5)

Risk factors, n (%)

Hypertension 223 (55.8)

Diabetes mellitus 113 (28.3)

Atrial fibrillation 62 (15.5)

Hyperlipidemia 66 (16.5)

Cardiac disease 40 (10.0)

Previous stroke 57 (14.3)

Smoking 149 (37.3)

Baseline laboratory findings

Hemoglobin, g/dl 13.9± 1.7

Glucose, mg/dl 134.3± 49.7

Total cholesterol, mg/dl 174.3± 39.9

CRP, mg/dl 0.51± 1.69

Uric acid, mg/dl 5.5± 1.6

Transient ischemic attack,

n (%)

105 (26.3)

Location of Stroke, n (%)

Anterior circulation 273 (68.3)

Posterior circulation 115 (28.8)

MR negative 12 (3.0)

Stroke subtype, n (%)

LAD 118 (29.5)

Intracranial stenosis 74 (67.7)

Extracranial stenosis 44 (37.3)

SAD 127 (31.8)

CE 86 (21.5)

Others 22 (5.5)

Undetermined 47 (11.8)

Baseline NIHSS, n (%)

0 145 (36.3)

1 122 (30.5)

2 65 (16.3)

3 32 (8.0)

4 16 (4.0)

5 20 (5.0)

mRS score of 0 or 1 at 90 days 311 (77.8)

LAD, large artery disease; SAD, small artery disease; CE, cardioembolism; others,

cryptogenic embolism and hematological coagulopathy; NIHSS, NIH Stroke Scale; MR,

magnetic resonance.
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TABLE 2 Analysis of functional outcome according to TOAST

classification in intravenous alteplase (–) group.

Outcomes mRS 0–1
(n = 311)

mRS 2–6
(n = 89)

P

Stroke subtype, n (%) 0.042

LAD 80 (25.7) 38 (42.7)

SAD 104 (33.4) 23 (25.8)

CE 71 (22.8) 15 (16.9)

Others 17 (5.5) 5 (5.6)

Undetermined 39 (12.5) 8 (9.0)

LAD, large artery disease; SAD, small artery disease; CE, cardioembolism; others,

cryptogenic embolism and hematological coagulopathy; NIHSS, NIH Stroke Scale.

TABLE 3 Correlation between large artery disease and early

neurological deterioration in intravenous alteplase (–) group.

Outcomes LAD
(N = 118)

Non-LAD
(N = 282)

P

Early neurological

deterioration (+)

13 (11.0) 15 (5.3) 0.042

Early neurological

deterioration (–)

105 (89.0) 267 (94.7)

LAD, large artery disease.

classification (11.0 vs. 5.3%; P = 0.042, Table 3). However, a

factor of intracranial and extracranial atherosclerotic stenosis

was not significantly related to END and poor functional

outcomes at 90 days. Although the univariate regression analysis

demonstrated that age per 1-year increase, NIHSS per 1-point

increase, FLAIR-HAs, presenting as moderate motor weakness,

and LAD were significant predictors for poor functional

outcomes, multivariate regression analysis revealed that NIHSS

per 1-point increase, presenting as moderate motor weakness,

and LAD were independent predictors for poor functional

outcomes (OR, 1.811NIHSS per 1-point increase; 95%CI 1.503–

2.182; P < 0.0001; OR, 2.173 presenting as moderate motor

weakness; 95% CI 1.028–4.595; P = 0.042; OR, 2.033 LAD; 95%

CI 1.099–3.762; P = 0.024, respectively) (Table 4).

4. Discussion

In this retrospective study, 77.8% of patients with minor,

non-disabling acute ischemic stroke that did not receive IV

alteplase showed favorable functional outcomes at 90 days.

Our study found that NIHSS per 1-point increase, presenting

as moderate motor weakness, and LAD were independent

predictors of poor functional outcomes at 90 days in patients

with acute ischemic stroke who did not receive alteplase due to

an NIHSS score of 0–5.

Our study showed that moderate motor weakness (limb

motor NIHSS score ≥3) was significantly associated with poor

functional outcomes at 90 days compared with minor deficits,

including mild dysarthria, ataxia, and mild motor weakness.

Choi et al. reported that all 15 items of the NIHSS, except

sensory and extinction items, were significantly associated with

unfavorable functional outcomes and that using the total NIHSS

score effectively predicted functional outcomes of mild stroke

(15). However, Fischer et al. reported that a minor stroke defined

as a score ≤1 on every NIHSS item or NHISS ≤3 showed

favorable outcomes and would be suited to the definition of

minor stroke (16). Among his definitions of a minor stroke,

the definition of only motor deficits, including dysarthria or

ataxia with or without sensory deficit, showed a more significant

disability at 3 months. This definition was less suitable for

defining a minor stroke. Our findings suggest that patients with

minor stroke presenting with moderate motor weakness should

be cautiously considered for alteplase administration.

In this study, predictors for poor functional outcomes at

90 days were NIHSS per 1-point increase and LAD in patients

who did not receive alteplase due to minor, non-disabling

acute ischemic stroke within 4.5 h. There were only two drug

resistance (one for aspirin and one for clopidogrel) in 28 END

patients; it seems that drug resistance did not affect END.

In patients with poor functional outcomes at 90 days despite

presenting with minor and non-disabling deficits, the LAD

subtype was found to be significantly more prevalent compared

with other TOAST classifications. END occurred significantly

more frequently in the LAD group than in the non-LAD TOAST

group.We believe that the poor functional outcomes in the LAD

group can be explained by the more frequent END associated

with LAD. In the multivariate analysis, higher baseline NIHSS

and LADwere predictors of poor functional outcomes. Sato et al.

reported that patients who have large vessel occlusive lesions

were 2.80 times more prone to unfavorable functional outcomes

at 3 months among acute ischemic stroke patients presenting

with NIHSS <3. In addition, Kim et al. showed that END

occurred in 14.6% of patients with minor stroke (<3 NIHSS)

within 6 h. The only predictor for neurological progression was

large vessel occlusion (11, 17). Our results correlate well with

those of previous studies. LAD may be an important factor

for predicting functional outcomes and should be considered

an indicator of alteplase administration in patients with minor

stroke within 4.5 h.

Recently, studies on early-warning blood biomarkers and

imaging markers in hyperacute cerebral infarction have been

actively conducted. The plasma neurofilament light chain is

being studied as an index suggesting the possibility of END in

patients with acute cerebral infarction (18). Zhou et al. reported

that five metabolic markers, such as sphingomyelin (18:0/14:0),

1-methylpyrrolinium, phosphatidylcholine (18:0/18:0),

lysophosphatidylcholine (18:0/0:0), and phosphatidylcholine

(18:2/18:2), have good diagnostic and predictive ability. The

change level of these metabolites is significantly related to

ischemic stroke and provides early warning for the diagnosis of
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TABLE 4 Multivariate analysis of prediction for poor functional outcome.

Estimated ORs for poor functional outcome

Model 1 Crude (95% CI) p Adjusted (95% CI) p

Age, per 1-year increase 1.034 (1.012–1.057) 0.002 – –

NIHSS, per 1-point increase 1.755 (1.455–2.117) <0.0001 1.811 (1.503–2.182) <0.0001

Atrial fibrillation 1.413 (0.752–2.653) 0.283 – –

Hypertension 1.041 (0.635–1.705) 0.874 – –

Diabetes mellitus 1.552 (0.935–2.574) 0.089

Cardiac disease 1.675 (0.818–3.431) 0.159

Previous stroke 1.373 (0.725–2.603) 0.331

Smoking 0.783 (0.473–1.297) 0.342

Hyperlipidemia 0.476 (0.217–1.043) 0.064 – –

Female 1.193 (0.726–1.962) 0.486 – –

FLAIR-HAs 1.910 (1.133–3.218) 0.015 – –

Moderate motor weakness 2.667 (1.391–5.111) 0.003 2.173 (1.028–4.595) 0.042

LAD 2.115 (1.270–3.522) 0.004 2.033 (1.099–3.762) 0.024

FLAIR-HAs, fluid-attenuated inversion recovery hyperintense arteries; LAD, large artery disease.

atherosclerosis-induced ischemic stroke (19). In acute ischemic

stroke patients with severe intracranial arterial stenosis or

occlusion, the asymmetrical prominent cortical vein sign might

be a useful neuroimaging marker for predicting END (20).

In addition, low FLAIR vascular hyperintensity ASPECTS

is associated with a higher risk of END in patients who are

receiving DAPT (21). Despite these various studies and attempts

looking for markers of predicting END, there is no clinically

proven predictor for END yet.

Although there is no objective evidence of the benefit

of using alteplase in patients who present with an NIHSS

score of 5 or less and disabling disability, ∼30% of patients

presenting with mild ischemic stroke showed unfavorable

functional outcomes at 90 days. There may be a gray zone

in patients with minor ischemic stroke contraindicated for IV

alteplase administration. In our study, although FLAIR-HAs

were not significant in the multivariate analysis, they were

a significant predictor of poor functional outcomes in the

univariate analysis. The FLAIR-HAs result from retrograde flow

through the collateral arterial circulation and are related to the

presence of large vessel stenosis or occlusion (22). The results

of our study suggested that patients with large vessel occlusive

disease should be considered as candidates for IV alteplase

treatment even though presenting as minor stroke, and the LAD

patient group should be defined into detailed subclassification

according to various imaging parameters, such as the ratio of

the penumbra to the infarct core in perfusion imaging studies,

FLAIR-HAs in MR images, or diffusion–perfusion mismatch

ratios. Therefore, a large-scale and well-organized study is

needed to define certain imaging-based criteria for alteplase

administration in patients presenting with minor and non-

disabling ischemic stroke.

This study had several limitations. First, it was conducted

retrospectively. Second, the number of enrolled patients

was relatively small. Finally, because this study was

conducted in a medical center, the results need to be

carefully interpreted.

There is no concrete evidence for IV thrombolysis

in patients with acute ischemic stroke presenting with

mild neurological deficits. However, patients presenting with

moderate motor weakness or large-vessel occlusive disease

showed significantly higher unfavorable functional outcomes at

90 days. Therefore, aggressive treatment with IV thrombolytic

agents may be considered cautiously in acute stroke presenting

as moderate motor weakness or LAD, even if the neurological

deficits are mild.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

Ethical review and approval was not required for the study

on human participants in accordance with the local legislation

and institutional requirements. Written informed consent for

Frontiers inNeurology 06 frontiersin.org

https://doi.org/10.3389/fneur.2022.1062721
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Kim et al. 10.3389/fneur.2022.1062721

participation was not required for this study in accordance with

the national legislation and the institutional requirements.

Author contributions

YK participated in data analysis and writing of the

manuscript. SC participated in data collection and data analysis.

TK, H-MP, and DJS participated in data collection. DHS

acquired the funds, designed the study, involved in data analysis,

writing of the manuscript, and supervised the project. All

authors read and approved the final version of the manuscript.

Funding

This study was supported by the National Research

Foundation of Korea (NRF) grant funded by the Government

of Korea (MSIT) (No. 2021M3I2A1077405). The sponsor of the

study was not involved in the study design, data analysis, data

interpretation, writing of the report, and the decision to submit

the study results for publication.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those

of their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

References

1. National Institute of Neurological Disorders and Stroke rt-PA Stroke Study
Group. Tissue plasminogen activator for acute ischemic stroke. N Engl J Med.
(1995) 333:1581–7. doi: 10.1056/NEJM199512143332401

2. Hacke W, Kaste M, Bluhmki E, Brozman M, Dávalos A, Guidetti D. et al.
Thrombolysis with alteplase 3 to 45 hours after acute ischemic stroke. N Engl J
Med. (2008) 359:1317–29. doi: 10.1056/NEJMoa0804656

3. Hacke W, Kaste M, Fieschi C, Toni D, Lesaffre E, Von Kummer R, et al.
Intravenous thrombolysis with recombinant tissue plasminogen activator for acute
hemispheric stroke. The European Cooperative Acute Stroke Study (ECASS).
JAMA. (1995) 274:1017–25. doi: 10.1001/jama.274.13.1017

4. Davis SM, Donnan GA, Parsons MW, Levi C, Butcher KS, Peeters A, 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. doi: 10.1016/S1474-4422(08)70044-9

5. Hacke W, Kaste M, Fieschi C, Von Kummer R, Davalos A,
Meier D, et al. Randomised double-blind placebo-controlled trial of
thrombolytic therapy with intravenous alteplase in acute ischaemic stroke
(ECASS II). Second Eur Aust Acute Stroke Study Invest Lancet. (1998)
352:1245–51. doi: 10.1016/S0140-6736(98)08020-9

6. Messé SR, Khatri P, Reeves MJ, Smith EE, Saver JL, Bhatt DL, et al. Why
are acute ischemic stroke patients not receiving IV tPA? Results from a national
registry. Neurology. (2016) 87:1565–74. doi: 10.1212/WNL.0000000000003198

7. Coutts SB, Modi J, Patel SK, Aram H, Demchuk AM, Goyal M. et al.
What causes disability after transient ischemic attack and minor stroke? Results
from the CT and MRI in the Triage of TIA and minor cerebrovascular
events to identify high risk patients (CATCH) study. Stroke. (2012) 43:3018–
22. doi: 10.1161/STROKEAHA.112.665141

8. Schwamm LH, Ali SF, Reeves MJ, Smith EE, Saver JL, Messe S,
et al. Temporal trends in patient characteristics and treatment with
intravenous thrombolysis among acute ischemic stroke patients at Get
with the guidelines–stroke hospitals. Circ Cardiovasc Qual Outcomes. (2013)
6:543–9. doi: 10.1161/CIRCOUTCOMES.111.000095

9. Khatri P, Kleindorfer DO, Devlin T, Sawyer RN, Starr M, Mejilla J, et al. Effect
of alteplase vs. aspirin on functional outcome for patients with acute ischemic
stroke and minor nondisabling neurological deficits: the prisms randomized
clinical trial. JAMA. (2018) 320:156–66. doi: 10.1001/jama.2018.8496

10. Warner JJ, Harrington RA, Sacco RL, Elkind MSV. Guidelines for the early
management of patients with acute ischemic stroke: 2019 update to the 2018
guidelines for the early management of acute ischemic stroke. Stroke. (2019)
50:3331–2. doi: 10.1161/STROKEAHA.119.027708

11. Kim JT, Park MS, Chang J, Lee JS, Choi KH, Cho KH. Proximal arterial
occlusion in acute ischemic stroke with lowNIHSS scores should not be considered
as mild stroke. PLoS ONE. (2013) 8:e70996. doi: 10.1371/journal.pone.0070996

12. Khatri P, Conaway MR, Johnston KC. Acute Stroke Accurate Prediction
Study (ASAP) Investigators. Ninety-day outcome rates of a prospective cohort
of consecutive patients with mild ischemic stroke. Stroke. (2012) 43:560–
2. doi: 10.1161/STROKEAHA.110.593897

13. Kim JM, Bae JH, Park KY, Lee WJ, Byun JS, Ahn SW, et al. Incidence and
mechanism of early neurological deterioration after endovascular thrombectomy.
J Neurol. (2019) 266:609–15. doi: 10.1007/s00415-018-09173-0

14. Zhou Z, Yoshimura S, Delcourt C, Lindley RI, You S, Malavera
A, et al. Thrombolysis outcomes in acute ischemic stroke by fluid-
attenuated inversion recovery hyperintense arteries. Stroke. (2020)
51:2240–3. doi: 10.1161/STROKEAHA.119.028550

15. Choi JC, Kim BJ, Han MK, Lee SJ, Kang K, Park JM, et al. Utility of items
of baseline National Institutes of Health stroke scale as predictors of functional
outcomes at three months after mild ischemic stroke. J Stroke Cerebrovasc Dis.
(2017) 26:1306–13. doi: 10.1016/j.jstrokecerebrovasdis.2017.01.027

16. Fischer U, Baumgartner A, Arnold M, Nedeltchev K, Gralla
J, De Marchis GM, et al. What is a minor stroke? Stroke. (2010)
41:661–6. doi: 10.1161/STROKEAHA.109.572883

17. Sato S, Uehara T, Ohara T, Suzuki R, Toyoda K, Minematsu K, et al. Factors
associated with unfavorable outcome in minor ischemic stroke. Neurology. (2014)
83:174–81. doi: 10.1212/WNL.0000000000000572

18. Wang Z, Wang S, Li Y, Wang R, Jiang L, Zheng B, et al. Biomarker
of early neurological deterioration in minor stroke and proximal large
vessel occlusion. Front Neurol. (2022) 13:1019530. doi: 10.3389/fneur.2022.101
9530

19. Zhou W, Li S, Sun G, Song L, Feng W, Li R, et al. Early Warning
of ischemic stroke based on atherosclerosis index combined with serum
markers. J Clin Endocrinol Metabol. (2022) 107:1956–64. doi: 10.1210/clinem/
dgac176

Frontiers inNeurology 07 frontiersin.org

https://doi.org/10.3389/fneur.2022.1062721
https://doi.org/10.1056/NEJM199512143332401
https://doi.org/10.1056/NEJMoa0804656
https://doi.org/10.1001/jama.274.13.1017
https://doi.org/10.1016/S1474-4422(08)70044-9
https://doi.org/10.1016/S0140-6736(98)08020-9
https://doi.org/10.1212/WNL.0000000000003198
https://doi.org/10.1161/STROKEAHA.112.665141
https://doi.org/10.1161/CIRCOUTCOMES.111.000095
https://doi.org/10.1001/jama.2018.8496
https://doi.org/10.1161/STROKEAHA.119.027708
https://doi.org/10.1371/journal.pone.0070996
https://doi.org/10.1161/STROKEAHA.110.593897
https://doi.org/10.1007/s00415-018-09173-0
https://doi.org/10.1161/STROKEAHA.119.028550
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.01.027
https://doi.org/10.1161/STROKEAHA.109.572883
https://doi.org/10.1212/WNL.0000000000000572
https://doi.org/10.3389/fneur.2022.1019530
https://doi.org/10.1210/clinem/dgac176
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Kim et al. 10.3389/fneur.2022.1062721

20. Li W, Xiao WM, Luo GP, Liu YL, Qu JF, Fang XW, et al.
Asymmetrical cortical vein sign predicts early neurological deterioration
in acute ischemic stroke patients with severe intracranial arterial stenosis
or occlusion. BMC Neurol. (2020) 20:331. doi: 10.1186/s12883-020-0
1907-w

21. Zhu L, Gong S, Zhu X, Zhang R, Ren K, Zhu Z, et al. FLAIR
vascular hyperintensity: an unfavorable marker of early neurological

deterioration and short-term prognosis in acute ischemic stroke
patients. Ann Palliat Med. (2020) 9:3144–51. doi: 10.21037/apm-20-
1175

22. Shang WJ, Chen HB, Shu LM, Liao HQ, Huang XY, Xiao S, et al.
The association between FLAIR vascular hyperintensity and stroke outcome
varies with time from onset. AJNR Am J Neuroradiol. (2019) 40:1317–
22. doi: 10.3174/ajnr.A6142

Frontiers inNeurology 08 frontiersin.org

https://doi.org/10.3389/fneur.2022.1062721
https://doi.org/10.1186/s12883-020-01907-w
https://doi.org/10.21037/apm-20-1175
https://doi.org/10.3174/ajnr.A6142
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Factors associated with functional disability in patients with acute stroke excluded from alteplase administration due to minor non-disabling neurological deficits
	1. Introduction
	2. Methods
	2.1. Study population
	2.2. Data collection and methods
	2.3. Statistical analyses

	3. Results
	3.1. Characteristics of the study population
	3.2. Analysis for predicting poor functional outcomes at 90 days in the alteplase (–) group

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


