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What predicts large vessel occlusion in mild @

stroke patients?
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Abstract

Background and purpose Mild acute ischemic stroke (AIS) patients with large vessel occlusion (LVO) may benefit
from thrombolysis or thrombectomy therapy. However, the predictors for LVO in mild AIS patients have not been
extensively explored. We aimed to investigate the predictors for LVO in mild AlS patients.

Methods We collected the data of consecutive AlS patients with a National Institutes of Health Stroke Scale (NIHSS)
score <5 from The Third China National Stroke Registry - a prospective nationwide registry of AlS or transient ischemic
attack (TIA) patients in China from August 2015 to March 2018. Patients were divided into LVO and non-LVO group
based on the vascularimaging during the hospitalization. Multivariable regression analyses involving clinical charac-
teristics and NIHSS subitems was performed to detect the predictors for LVO.

Result A total of 7653 mild AIS patients from The Third China National Stroke Registry were included in this study.
Among them, 620 patients (8.1%) had LVO. The level of consciousness (adjusted odds ratio, 1.87; 95% confidence
interval, 1.08 to 3.23), visual field (adjusted odds ratio, 2.10; 95% confidence interval, 1.43 to 3.06) and sensory
(adjusted odds ratio, 0.75; 95% confidence interval, 0.60 to 0.94) were predictors for mild AlS patients with LVO.

Conclusions Impaired LOG, visual field and sensory were independently predictors for LVO in mild stroke patients.
Further studies are warranted to test these predictors in prehospital setting and in other population.
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Introduction
Stroke was the leading cause of disability and mortality
at the national level in China [1]. Mild strokes (defined
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AHA) guideline recommended endovascular therapy
(EVT) as the standard treatment for moderate-to-severe
AIS patients with LVO and rapid EVT was able to effec-
tively improve functional outcomes [5]. Mild AIS patients
with LVO had higher frequency of early neurological
deterioration and a worse functional outcome than non-
LVO patients [6]. However, there is no strong evidence of
the efficacy of intravenous thrombolysis (IVT) and EVT
in this group patients. Currently, the combined treatment
of clopidogrel and aspirin for 21days is the first option
of mild non-disabling AIS patients [7], and the expert
consensus statement of European Stroke Organization
guidelines recommended IVT as the early management
[8]. Some retrospective studies showed that EVT reduced
the NIHSS score at discharge [9] and improved the rates
of independence at 3months [10] in mild AIS patients
with LVO, and the efficacy of EVT is highly dependent
on time. Since EVT is only available in some comprehen-
sive stroke centers, these centers are optimal decision for
patients with LVO strokes. However, these centers are
less and may be hours away. The transfers between two
hospitals may delay or prevent the advanced treatment
[11]. Therefore, rapid detection of LVO patients were
essential.

There are several potential applications for these scales.
(1) Patients with suspected LVO who test positive in
the field could be directed transported to EVT provid-
ing hospitals. (2) The EVT team can be notified earlier
when the patient is being transported to an EVT provid-
ing hospital. (3) Hospitals without computed tomography
angiography (CTA) or magnetic resonance angiography
(MRA) capabilities can transport patients with a sus-
pected LVO stroke who have been already received to
the EVT providing hospitals. (4) Physicians can identify
patients at high risk of early deterioration and optimize
the patient pathways [12-14].

NIHSS score was considered to be an independent pre-
dictor for LVO [15], and was used in 2/3 studies targeting
to derive the predictive scales for LVO [16] in AIS. Con-
sequently, mild AIS patients with LVO are more likely
to be neglected and not expeditiously treated by reca-
nalization therapies [17]. Recently, a small sample sized
study in mild AIS patients in France compared the clini-
cal symptoms between LVO and non-LVO patients but
found no significant predictors for proximal LVO [18].
Thus, we aimed to explore the predictors for LVO in mild
AIS patients in a nation-wide prospective registry.

Method
Subjects
We included eligible patients from The Third China
National Stroke Registry (CNSR-III). The registry was
approved by the Central Institutional Review Board
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in Beijing Tiantan Hospital (IRB approval number:
KY2015-001-01), and written informed consents were
obtained from all participants. Regarding vulnerable par-
ticipants, the registry obtained written informed con-
sents from their legally authorized representatives for all
vulnerable participants.

The protocol of CNSR-III has been published previ-
ously [19]. In brief, CNSR-III was a nationwide prospec-
tive registry, which enrolled 15,166 AIS and transient
ischemic attack (TIA) patients with detailed informa-
tion on demography (age and sex), clinical characteris-
tics (medical history, therapy, admission blood pressure,
admission NIHSS), imaging and clinical outcomes (stroke
recurrence, mRS) in China from August 2015 to March
2018.

In the current study, we included patients who had
a mild AIS (defined as total NIHSS score <5 at admis-
sion). The NIHSS score consisted of 11 subitems, which
included level of consciousness (LOC), best gaze, visual
field, facial palsy, motor arm, motor leg, limb ataxia, sen-
sory, language, dysarthria and neglect. For each subitem,
a score of 0 mean normal in this specific function, while
a higher score indicated more severe impairment. The
scores of each subitem were summed to calculate the
NIHSS total score, ranging from 0 to 42. Higher NIHSS
score is strongly correlated with more severe stroke.
The NIHSS score at admission was assessed by neurol-
ogy physicians in the emergency department with each
subitem score of NIHSS documented. The patients with
following criteria were excluded: (1) imaging sequences
/ quality did not meet the requirement for LVO assess-
ment; (2) the subitems of NIHSS scores were incomplete.

LVO evaluation

LVO was evaluated by CTA, MRA or digital subtraction
angiography (DSA). The imaging core lab performed all
the assessment of vascular imaging and LVO. The loca-
tion of LVO included internal carotid arteries (ICA), Al
segment of anterior cerebral arteries (ACA), M1 seg-
ment of middle cerebral arteries (MCA), vertebral arter-
ies (VA), P1 segment of posterior cerebral arteries (PCA)
and the basal artery (BA). Among them, ICA, ACA,
MCA were parts of the anterior circulation and VA, BA,
PCA were parts of the posterior circulation.

Statistical analysis

The patients were divided into two groups according
to whether they had LVO or not. Continuous variables
at baseline were shown as the mean+standard devia-
tion (SD) or as the median (interquartile range, IQR), as
appropriate. The difference between two groups was ana-
lyzed by using the independent sample t tests or mann-
whitney U test. We classified the NIHSS subitems score
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as 0 and> 1. The categorical variables at baseline and
subitems were reported as number (percentages) and
were compared by using Fisher exact tests, Chi-square
tests or trend tests. Significant variables (P value <0.1)
in the univariable analyses were further included in the
multivariable logistic regression model. Adjusted odds
ratios (ORs) with their 95% confidence intervals (Cls)
were calculated. To further investigate the relationship
between the motor symptoms and LVO, we combined
the NIHSS subitems of motor arm-left and motor arm-
right, and the subitems of motor leg-left and motor leg-
right. The univariable and multivariable analysis were
calculated. The subgroups of anterior and posterior cir-
culation LVO were also analyzed using similar statistical
method.

All P values presented are two-sided. P <0.05 was con-
sidered statistically significant. All analyses were per-
formed using SAS V.9.4 software (SAS Institute, Inc.,
Cary, NC).

Result

A total of 15,166 patients were enrolled in the CNSR-
I study. Among them, 10,092 patients got a mild AIS
(NIHSS <5). Overall, 2439 patients were excluded
according to the exclusion criteria: 2426 patients didn’t
have imaging sequences / quality allowing the assessment
of LVO, 13 patients had missing NIHSS subitems scores.
Finally, 7653 patients were included in this study (Fig. 1).
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All patients enrolled completed at least one angiography
assessment. Among them, 6856 of 7653 patients were
assessed by MRA, 767 patients were assessed by CTA,
and 30 patients were assessed by DSA.

LVO Large vessel occlusion, SD Standard deviation,
IQR Interquartile range, TIA Transient ischemic attack,
mRS Modified Rankin Scale, NIHSS National Institutes
of Health Stroke Scale, SBP Systolic Blood Pressure, DBP
Diastolic Blood Pressure.

Table 1 summarizes the demographics and clini-
cal characteristics of LVO and non-LVO group. Among
all 7653 patients with mild AIS, 620 patients (8.1%) had
LVO. The LVO group had more frequent history of prior
stroke or TIA (28.2% versus [vs] 22.5%, p =0.001), with a
higher admission NIHSS score (3.0 vs 2.0, p =0.017) and
a higher admission diastolic blood pressure (DBP) (85.0
vs 86.5, p =0.024) than the non-LVO group. The distri-
bution of LVO locations was shown in Supplementary
Table S1.

Table 2 shows the univariate analysis and multivariate
analysis of each NIHSS subitems. In the univariate analy-
sis, patients with LVO were more common in symptoms
of LOC (crude OR, 2.04; 95% CI, 1.19 to 3.50, p =0.008),
LOC questions (crude OR, 1.56; 95% CI, 0.93 to 2.60,
p =0.088), LOC commands (crude OR, 1.91; 95% CI, 1.00
to 3.63, p =0.046), visual field (crude OR, 2.21; 95% CI,
1.52 to 3.22, p <.0001), left arm motor (crude OR, 1.36;
95% CI, 1.11 to 1.65, p =0.002), right arm motor (crude
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Table 1 Demographics and clinical characteristics of mild AlS patients with or without LVO
Variables Total (N =7653) LVO group (N =620 [8.1%)]) non-LVO group PValue
(N =7033[91.9%])
Demographic
Age, Mean+SD,y 62.0+11.2 628+11.7 62.0+11.1 0.096
Male, n (%) 5349 (69.9) 436 (70.3) 4913 (69.9) 0.808
Medical history
Diabetes mellitus, n (%) 1784 (23.3) 147 (23.7) 1637 (23.3) 0.807
Hypertension, n (%) 4830 (63.1) 387 (62.4) 4443 (63.2) 0.71
Dyslipidemia, n (%) 613 (8.0) 45 (7.3) 568 (8.1) 0.472
Prior Stroke or TIA, n (%) 1758 (23.0) 175 (28.2) 1583 (22.5) 0.001
Prior Stroke, n (%) 1624 (21.2) 157 (25.3) 1467 (20.9) 0.009
Myocardial infarction, n (%) 112(1.5) 5(0.8) 107 (1.5) 0.155
Atrial fibrillation, n (%) 200 (2.6) 17 (2.7) 183 (2.6) 0.834
Smoking, n (%) 3484 (45.5) 278 (44.8) 3206 (45.6) 0.721
Drinking, n (%) 3519 (46.0) 282 (45.5) 3237 (46.0) 0.795
Pre mRS, n (%) 0.079
0-2 7452 (97.4) 597 (96.3) 6855 (97.5)
3-5 201 (2.6) 23(3.7) 178 (2.5)
Hospital admission
Admission NIHSS 2.0 (1.0-4.0) 3.0 (1.0-4.0) 2.0 (1.0-4.0) 0.017
Admission SBP, median (IQR), mmHg 148.5 (135.0-163.0) 147.0 (133.3-163.0) 149.0 (135.0-163.5) 0.282
Admission DBP, median (IQR), mmHg 86.5 (79.5-95.5) 85.0(79.0-93.5) 86.5 (79.5-95.5) 0.024
Endovascular Therapy, n (%) 16 (0.2) 3(0.5) 13(0.2) 0.118
Intravenous Thrombolysis, n (%) 19(0.2) 5(0.8) 14 (0.2) 0.004
Median time from onset to NIHSS assessment, 17.0 (5.0-43.5) 20.0 (5.0-48.6) 17.0 (5.0-41.6) 0.053
median (IQR), hours
Median time from onset to imaging, median  48.0 (24.0-96.0) 72.0 (24.0-96.0) 48.0 (24.0-96.0) 0.031

(IQR), hours

Table 2 The univariate and multivariate analyses of each NIHSS subitems between the LVO and non-LVO group in mild AlS patients

NIHSS subitem Crude OR? P Value (univariate Adjusted OR*® PValue
model) (multivariate

model)

Level of consciousness 2.04 (1.19-3.50) 0.008 1.87 (1.08-3.23) 0.025

Consciousness Questions 1.56 (0.93-2.60) 0.088 1.27 (0.72-2.23) 0.412

Consciousness Commands 1.91 (1.00-3.63) 0.046 1.50 (0.74-3.04) 0.258

Best Gaze 1.26 (0.63-2.53) 0.507

Visual Field 2.21(1.52-3.22) <.0001 2.09 (1.43-3.06) <.0.001

Facial Palsy 1.09 (0.92-1.29) 0.318

Motor Arm-left 1.36 (1.11-1.65) 0.002 1.29(0.98-1.71) 0.067

Motor Arm-right 0.74 (0.59-0.94) 0.013 0.81(0.63-1.03) 0.085

Motor Leg-left 1.29 (1.06-1.56) 0.010 1.04 (0.80-1.36) 0.783

Motor Leg-right 0.88(0.71-1.08) 0.219

Limb Ataxia 1.21(0.97-1.52) 0.095 1.24 (0.98-1.56) 0.068

Sensory 0.73 (0.58-0.91) 0.005 0.75 (0.60-0.94) 0.014

Language 1.14 (0.94-1.40) 0.185

Dysarthria 1.05 (0.87-1.25) 0.625

Neglect 0.97 (0.30-3.17) 0.963

NIHSS National Institutes of Health Stroke Scale, LVO Large vessel occlusion, OR Odds ratio.

2 ORs were calculated based on whether the symptom occurred®adjusted for age, sex, prior stroke or TIA, diastolic blood pressure



Lu et al. BMC Neurology (2023) 23:29

OR, 0.74; 95% CI, 0.59 to 0.94, p =0.013), left leg motor
(crude OR, 1.29; 95% CI, 1.06 to 1.56, p =0.010), limb
ataxia (crude OR, 1.21; 95% CI, 0.97 to 1.52, p =0.095)
and lower subitem scores in sensory (crude OR, 0.73;
95% CI, 0.58 to 0.91, p =0.005). Age, sex and other pre-
dictive factors with P value <0.1 were further included
in the multivariate model. The multivariate model
yielded the LOC (adjusted OR, 1.87; 95% CI, 1.08 to 3.23,
p =0.025), visual field (adjusted OR, 2.09; 95% CI, 1.43
to 3.06, p <.0.001) and sensory (adjusted OR, 0.75; 95%
CI, 0.60 to 0.94, p =0.014) as independent predictors for
LVO. The distribution of the NIHSS subitem scores was
shown in Supplementary Table S2.

Sensitivity tests results in the anterior and posterior
circulation LVO separately were shown in Tables 3 and
4. In the multivariable logistic regression model of ante-
rior circulation LVO, we found the anterior circulation
LVO was correlated positively with facial palsy (adjusted
OR, 1.57; 95% CI, 1.26 to 1.97, p <.001), left arm motor
(adjusted OR, 1.63; 95% CI, 1.15 to 2.31, p =0.006), apha-
sia (adjusted OR, 1.55; 95% CI, 1.22 to 1.99, p <.001),
and inversely with age (adjusted OR, 0.99; 95% CI, 0.98
to 0.99, p =0.023), admission DBP (adjusted OR, 0.99;
95% CI, 0.98 to 0.99, p =0.001) and sensory (adjusted
OR, 0.51; 95% CI, 0.36 to 0.72, p <.001). By contrast, in
the posterior circulation LVO group, LVO was signifi-
cantly positively correlated with age (adjusted OR, 1.02;
95% CI, 1.01 to 1.04, p <.001), LOC (adjusted OR, 2.52;
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95% CI, 1.25 to 5.10, p =0.010), visual field (adjusted OR,
3.12; 95% CI, 1.98 to 4.93, p <.001), limb ataxia (adjusted
OR, 1.58; 95% CI, 1.16 to 2.14, p =0.003) and inversely
with facial palsy (adjusted OR, 0.65; 95% CI, 0.49 to 0.85,
p =0.002) and aphasia (adjusted OR, 0.62; 95% CI, 0.43
to 0.89, p =0.010). Table S3, Table S4 and Table S5 in
the supplementary material showed the analysis com-
bined the left and right motor symptoms, and the results
remained the same.

Discussion

Our study found that approximate 8.1% of mild AIS
patients had an occlusion of anterior and posterior large
vessels. Patients with a history of prior TIA or stroke,
higher NIHSS score and higher admission DBP were
more likely to get LVO. In the subitems of NIHSS score,
we found that LOC, visual field and sensory were inde-
pendent predictors for LVO in mild AIS patients.

A non-contrast computed tomography was recom-
mended for mild AIS patients in the most current AHA/
ASA guideline of stroke [13]. Therefore, the LVO patients
with mild symptoms may miss the angiography examina-
tion and delay the EVT therapy. Previous studies showed
that prehospital prediction scales of LVO could shorten
the onset-to-puncture time at EVT providing hospitals
[4]. Our study investigated the possibility to build a pre-
diction LVO model in mild AIS patients, and discovered

Table 3 The univariate and multivariate analyses of each NIHSS subitems between the anterior LVO and anterior non-LVO group in

mild AlS patients

NIHSS subitem

Crude OR?

P Value (univariate
model)

Adjusted OR*P

PValue
(multivariate
model)

Level of consciousness
Consciousness Questions
Consciousness Commands

Best Gaze
Visual Field
Facial Palsy
Motor Arm-left
Motor Arm-right
Motor Leg-left
Motor Leg-right
Limb Ataxia
Sensory
Language
Dysarthria
Neglect

1.73 (0.84-3.59)
1.79 (0.96-3.34)
2.12(0.97-4.65)
1.24 (0.50-3.07)
1.37(0.77-2.43)
1.67 (1.34-2.07)
1.84 (1.44-2.34)
077 (0.57-1.05)
1.61(1.27-2.04)
0.86 (0.65-1.13)
0.89 (0.64-1.24)
0.49 (0.35-0.68)
1.68 (1.33-2.14)
1.29(1.03-1.62)
1.81(0.55-5.90)

0.136
0.065 1.47 (0.73-2.94) 0.277
0.054 1.77 (0.74-4.20) 0.198
0.644
0.277
<.001 1.57 (1.26-1.97) <.001
<.001 1.63 (1.15-2.31) 0.006
0.103
<.0001 1.20 (0.85-1.70) 0.291
0.272
0.488
<.001 0.51(0.36-0.72) <.001
<.001 1.55(1.22-1.99) <.001
0.029 1.13(0.89-1.43) 0.329
0.321

NIHSS National Institutes of Health Stroke Scale, LVO Large vessel occlusion, OR Odds ratio.
2 ORs were calculated based on whether the symptom occurred

b adjusted for age, sex, prior stroke or TIA, diastolic blood pressure
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Table 4 The univariate and multivariate analyses of each NIHSS subitems between the posterior LVO and posterior non-LVO group in

mild AIS patients

NIHSS subitem

Crude OR?

P Value (univariate
model)

Adjusted OR*P

PValue
(multivariate
model)

Level of consciousness
Consciousness Questions
Consciousness Commands

Best Gaze

Visual Field
Facial Palsy
Motor Arm-left
Motor Arm-right
Motor Leg-left
Motor Leg-right

2.48 (1.24-4.97)
1.16 (0.51-2.65)
1.44 (0.52-3.98)
1.23 (0.45-3.36)
3.35(2.14-5.26)
0.58 (0.45-0.79)
0.86 (0.62-1.19)
0.69 (0.49-0.99)
0.93 (0.69-1.25)
0.90 (0.66-1.22)

Limb Ataxia 1.61(1.20-2.18)
Sensory 1.13 (0.85-1.51)
Language 0.57 (0.40-0.81)
Dysarthria 0.78 (0.59-1.03)
Neglect S

0.008 2.52(1.25-5.10) 0.010
0.723
0.475
0.695
<.001 3.12(1.98-4.93) <.001
<.001 0.65 (0.49-0.85) 0.002
0.358
0.042 0.74 (0.52-1.05) 0.094
0.627
0.491
0.002 1.58 (1.16-2.14) 0.003
0.399
0.002 0.62 (0.43-0.89) 0.010
0.075 0.91(0.68-1.21) 0.507
0.228

NIHSS National Institutes of Health Stroke Scale, LVO Large vessel occlusion, OR Odds ratio.

2 ORs were calculated based on whether the symptom occurred
b adjusted for age, sex, prior stroke or TIA, diastolic blood pressure

€ OR value was incalculable because the incidence of neglect in LVO group was zero

several symptoms may be helpful to identify LVO in the
clinical practice.

Our study was partly consistent with previous studies
in the population of all AIS patients [20-22]. In previous
studies [20-22], the LOC, aphasia, gaze palsy, neglect
and hemianopia were all considered as cortical symp-
toms which were highly associated with LVO in the stoke
population. Recently, a retrospective study from France
indicated that mild AIS patients with LVO were more
prone to have higher score on consciousness and aphasia,
although in the multivariable analysis these differences
were not significant [18]. Therefore, most of prehospital
prediction scales of LVO (e.g., 3I-SS [22], FAST-ED [21],
RACE [23]) included at least two of these symptoms. Our
study found the LOC and hemianopia as predictors with
similar risk in mild AIS patients. The differences were
not statistically significant in other symptoms probably
because of two reasons. Firstly, the incidence of these
symptoms in this study was lower than other studies.
Only 90 (1.2%) of patients had partial gaze palsy or forced
eye deviation, and 38 (0.5%) of patients had neglect
symptom. Mild symptoms of gaze palsy and neglect were
defined as non-disabling symptoms [24]. Therefore, the
frequency of these patients to go to hospitals was lower
than other symptoms such as motor problem or hemi-
anopsia. Moderate-to-severe patients often have complex
clinical symptoms, resulting in a higher detection rate in

these non-disabling symptoms. Secondly, the presenta-
tion of ischemic stroke with isolated aphasia symptom is
more common in mild AIS patients and often reflects the
occlusions of distal vessels [25], which might explain the
high incidence of aphasia in non-LVO group.

We found a significantly converse correlation
between sensory and LVO in mild AIS patients. Con-
versely, no relationship between them had been indi-
cated in previous studies [20-22]. This was most likely
due to the high incidence of pure hemisensory loss
syndrome, which accounted for about 3.5% of mild AIS
patients and had been identified to be a strong positive
predictor for lacunar infarction [26]. However, none of
current prediction scales took sensory symptom under
consideration, which might lead to inaccuracies in the
prediction for LVO in mild AIS patients.

Compared with these cortical symptoms, motor
problems also happen in lacunar stroke and might not
be a reliable predictor for LVO, whereas most of scales
included motor symptoms as an essential item and gave
it a high weight in assignment [27]. One possible reason
is that severe motor symptom is associated with large
lesion in cortex [28], which is a strong predictor for
LVO. Our study only found motor symptoms were cor-
related with anterior circulation, but not overall LVO.
Previous studies showed the less portion of motor prob-
lem in posterior circulation infarctions than in anterior
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circulation, which hampered the analysis of correlation
between posterior circulation LVO and motor problem.

Many scales based on FAST (Face Arm Speech Test)
included facial palsy as one of the predictors for LVO. Our
studies partially agreed with this view. We discovered that
facial palsy was positively correlated with anterior LVO,
but conversely correlated with posterior LVO. This might
explain the worse predictive capability of FAST scale for
the severity of stroke in posterior circulation [29].

In this study, there were differences in the prediction
symptoms for LVO between the anterior and posterior
circulation. These differences found in LVO patients were
consistent with previous studies in other population [14,
15]. In the analysis of the anterior circulation, the dysfunc-
tion of sensory, aphasia and motor symptoms were related
to the infarction in the cortex, which were less common
found in the subcortical infarction caused by perforator
artery occlusion. The higher frequency of visual fields,
limb ataxia and LOC in posterior LVO patients demon-
strated a large infarct in the occipital lobe, cerebellum and
brainstem. Some study had demonstrated that the subi-
tems of NIHSS may not be suitable for the posterior cir-
culation ischemic stroke [16]. Symptoms like vertigo and
imbalance have a stronger specificity in posterior circula-
tion infarction [17], which may need further research.

Our study had several limitations. Firstly, our study
excluded thrombolysis patients who didn’t have angiog-
raphy evaluation before thrombolysis, and without LVO
on angiography after thrombolysis, because we couldn’t
evaluate whether they had an occlusion before throm-
bolysis or not. All of these patients received thromboly-
sis based on physicians’ own experience, judgment, and
technical abilities. Consequently, these patients might
have more severe symptoms than non-thrombolysis
patients. The exclusion of these patients might underes-
timate the actual prevalence of LVO in mild AIS patients.
This population accounted for less than 10% of overall,
and further interpretation of our results needs to be cau-
tious. Secondly, considering that the median time from
onset to assessment in our study was 17 hours, the results
did not necessarily apply to hyperacute stroke patients.
Thirdly, due to the ceiling effect of NIHSS in mild AIS,
some NIHSS subitems did not have scores. However, our
study is the largest prospective study of mild AIS patients
with LVO. Therefore, our study shed light on the predic-
tors for LVO, further studies in other ethnics are needed
to confirm or refute our findings.

Conclusion

Impaired LOC, visual field and sensory were indepen-
dently predictors for LVO in mild stroke patients. Further
studies are warranted to test these predictors in prehos-
pital setting and in other population.

Page 7 of 8

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512883-022-03020-6.

Additional file 1: Table S1. The distribution of LVO locations in mild AIS
patients.

Additional file 2: Table S2. The distribution of the NIHSS subitem scores
in mild AIS patients.

Additional file 3: Table S3. The univariate and multivariate analyses of
each NIHSS subitems with combined left and right motor symptoms
between the LVO and non-LVO group in mild stroke patients.

Additional file 4: Table S4. The univariate and multivariate analyses of
each NIHSS subitems with combined left and right motor symptoms
between the anterior LVO and anterior non-LVO group in mild stroke
patients.

Additional file 5: Table S5. The univariate and multivariate analyses of
each NIHSS subitems with combined left and right motor symptoms
between the posterior LVO and posterior non-LVO group in mild stroke
patients.

Acknowledgments
We thank patients, doctors and clinical researchers who have collected data
for The Third China National Stroke Registry since 2015.

Authors’ contributions

YW, ZL and YX planned and designed the study. KY and HG analyzed the

data. CD, XZ, XM and YW contributed to the acquisition and interpretation of
data. ZL and YX were primarily responsible for writing the paper. YW and YX
revised the manuscript for important intellectual content. All authors read and
approved the final manuscript.

Funding

This work was supported by grants from the Capital’s Funds for Health
Improvement and Research (2020-1-2041), Chinese Academy of Medical Sci-
ences Innovation Fund for Medical Sciences (2019-12M-5-029), National Natural
Science Foundation of China (82171272), Beijing Municipal Science & Technol-
ogy Committee (Z211100003521019), Beijing Hospitals Authority (PX2022019).

Availability of data and materials

The data that support the findings of this study are available from the corre-
sponding author but restrictions apply to the availability of these data, which
were used under license for the current study, and so are not publicly avail-
able. Data are however available from the authors upon reasonable request
and with permission of the corresponding author.

Declarations

Ethics approval and consent to participate

CNSR-Ill was approved by the Central Institutional Review Board in Bei-

jing Tiantan Hospital (IRB approval number: KY2015-001-01), and written
informed consents were obtained from all participants. Regarding vulnerable
participants, the study obtained written informed consents from their legally
authorized representatives for all vulnerable participants. All methods were
performed in accordance with the principles expressed in the Declaration of
Helsinki.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no competing interests.

Received: 9 October 2022 Accepted: 9 December 2022
Published online: 19 January 2023


https://doi.org/10.1186/s12883-022-03020-6
https://doi.org/10.1186/s12883-022-03020-6

Lu et al. BMC Neurology

(2023) 23:29

References

1.

Wen-Jun Tu YH, Feng Yan, Hetao Bian, Yi Yang, Min Lou, Dezhi Kang, Li
He, , Lan Chu JZ, Jian Wu, Huisheng Chen, Jianfeng Han, Lin Ma, Lei Cao,
Wang L. Prevalence of stroke in China, 2013-2019: A population-based
study. Lancet Reg Health West Pac. 2022,28:100550.

Xiong Y, Gu H, Zhao XQ, Yang X, Wang C, Wang YL, et al. Clinical char-
acteristics and in-hospital outcomes of varying definitions of minor
stroke: from a large-scale nation-wide longitudinal registry. Stroke.
2021;52(4):1253-8.

Khatri P, Conaway MR, Johnston KC. Ninety-day outcome rates of a pro-
spective cohort of consecutive patients with mild ischemic stroke. Stroke.
2012;43(2):560-2.

Smith WS, Lev MH, English JD, Camargo EC, Chou M, Johnston SC, et al.
Significance of large vessel intracranial occlusion causing acute ischemic
stroke and TIA. Stroke. 2009;40(12):3834-40.

Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC,
Becker K, et al. 2018 guidelines for the early Management of Patients
with Acute Ischemic Stroke: a guideline for healthcare professionals from
the American Heart Association/American Stroke Association. Stroke.
2018;49(3):e46-e110.

Rajajee V, Kidwell C, Starkman S, Ovbiagele B, Alger JR, Villablanca P, et al.
Early MRI and outcomes of untreated patients with mild or improving
ischemic stroke. Neurology. 2006;67(6):980-4.

Kleindorfer DO, Towfighi A, Chaturvedi S, Cockroft KM, Gutierrez J,
Lombardi-Hill D, et al. 2021 guideline for the prevention of stroke in
patients with stroke and transient ischemic attack: a guideline from

the American Heart Association/American Stroke Association. Stroke.
2021;52(7):e364-467.

Berge E, Whiteley W, Audebert H, De Marchis GM, Fonseca AC, Padiglioni
C, et al. European stroke organisation (ESO) guidelines on intravenous
thrombolysis for acute ischaemic stroke. Eur Stroke J. 20271;6(1):1-Ixii.
Haussen DC, Bouslama M, Grossberg JA, Anderson A, Belagage S, Frankel
M, et al. Too good to intervene? Thrombectomy for large vessel occlusion
strokes with minimal symptoms: an intention-to-treat analysis. J Neuroin-
terv Surg. 2017,9(10):917-21.

Haussen DC, Lima FO, Bouslama M, Grossberg JA, Silva GS, Lev MH, et al.
Thrombectomy versus medical management for large vessel occlu-

sion strokes with minimal symptoms: an analysis from STOPStroke and
GESTOR cohorts. J Neurointerv Surg. 2018;10(4):325-9.

. Keenan KJ, Kircher C, McMullan JT. Prehospital prediction of large

vessel occlusion in suspected stroke patients. Curr Atheroscler Rep.
2018;20(7):34.

. Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel JL, Thornton J, et al.

Randomized assessment of rapid endovascular treatment of ischemic
stroke. N EnglJ Med. 2015;372(11):1019-30.

Duvekot MHC, Venema E, Rozeman AD, Moudrous W, Vermeij FH, Biekart
M, et al. Comparison of eight prehospital stroke scales to detect intrac-
ranial large-vessel occlusion in suspected stroke (PRESTO): a prospective
observational study. Lancet Neurol. 2021;20(3):213-21.

Nguyen TTM, van den Wijngaard IR, Bosch J, van Belle E, van Zwet EW,
Dofferhoff-Vermeulen T, et al. Comparison of prehospital scales for
predicting large anterior vessel occlusion in the ambulance setting. JAMA
Neurol. 2021;78(2):157-64.

Heldner MR, Hsieh K, Broeg-Morvay A, Mordasini P, Bihlmann M, Jung S,
et al. Clinical prediction of large vessel occlusion in anterior circulation
stroke: mission impossible? J Neurol. 2016;263(8):1633-40.

Smith EE, Kent DV, Bulsara KR, Leung LY, Lichtman JH, Reeves MJ, et al.
Accuracy of prediction instruments for diagnosing large vessel occlusion
in individuals with suspected stroke: a systematic review for the 2018
guidelines for the early Management of Patients with Acute Ischemic
Stroke. Stroke. 2018;49(3):.e111-e22.

Kleindorfer D, Kissela B, Schneider A, Woo D, Khoury J, Miller R, et al.
Eligibility for recombinant tissue plasminogen activator in acute ischemic
stroke: a population-based study. Stroke. 2004;35(2):e27-9.

Duloquin G, Crespy V, Jakubina P, Giroud M, Vergely C, Béjot Y. Large
vessel occlusion in patients with minor ischemic stroke in a population-
based study. Dijon Stroke Registry Front Neurol. 2021;12:796046.
WangY, Jing J, Meng X, Pan'Y, Wang Y, Zhao X, et al. The third China
National Stroke Registry (CNSR-IIl) for patients with acute ischaemic
stroke or transient ischaemic attack: design, rationale and baseline
patient characteristics. Stroke Vasc Neurol. 2019;4(3):158-64.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Page 8 of 8

Noorian AR, Sanossian N, Shkirkova K, Liebeskind DS, Eckstein M, Strat-
ton SJ, et al. Los Angeles motor scale to identify large vessel occlusion:
prehospital validation and comparison with other screens. Stroke.
2018;49(3):565-72.

Lima FO, Silva GS, Furie KL, Frankel MR, Lev MH, Camargo EC, et al. Field
assessment stroke triage for emergency destination: a simple and
accurate prehospital scale to detect large vessel occlusion strokes. Stroke.
2016;47(8):1997-2002.

Singer OC, Dvorak F, du Mesnil de Rochemont R, Lanfermann H, Sitzer
M, Neumann-Haefelin T. A simple 3-item stroke scale: comparison with
the National Institutes of Health stroke scale and prediction of middle
cerebral artery occlusion. Stroke. 2005;36(4):773-6.

Pérez de la Ossa N, Carrera D, Gorchs M, Querol M, Millan M, Gomis M,

et al. Design and validation of a prehospital stroke scale to predict large
arterial occlusion: the rapid arterial occlusion evaluation scale. Stroke.
2014,45(1):87-91.

Levine SR, Khatri P, Broderick JP, Grotta JC, Kasner SE, Kim D, et al. Review,
historical context, and clarifications of the NINDS rt-PA stroke trials
exclusion criteria: part 1: rapidly improving stroke symptoms. Stroke.
2013;44(9):2500-5.

Denier C, Chassin O, Vandendries C, Bayon de la Tour L, Cauquil C, Sarov
M, et al. Thrombolysis in stroke patients with isolated aphasia. Cerebro-
vasc Dis. 2016;41(3-4):163-9.

Benavente OR, Hart RG, McClure LA, Szychowski JM, Coffey CS, Pearce
LA. Effects of clopidogrel added to aspirin in patients with recent lacunar
stroke. N Engl J Med. 2012;367(9):817-25.

Vidale S, Agostoni E. Prehospital stroke scales and large vessel occlusion:
a systematic review. Acta Neurol Scand. 2018;138(1):24-31.

Schiemanck SK, Post MW, Witkamp TD, Kappelle LJ, Prevo AJ. Relation-
ship between ischemic lesion volume and functional status in the 2nd
week after middle cerebral artery stroke. Neurorehabil Neural Repair.
2005;19(2):133-8.

Gulli G, Markus HS. The use of FAST and ABCD2 scores in posterior circula-
tion, compared with anterior circulation, stroke and transient ischemic
attack. J Neurol Neurosurg Psychiatry. 2012;83(2):228-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	What predicts large vessel occlusion in mild stroke patients?
	Abstract 
	Background and purpose 
	Methods 
	Result 
	Conclusions 

	Introduction
	Method
	Subjects
	LVO evaluation
	Statistical analysis

	Result
	Discussion
	Conclusion
	Acknowledgments
	References


