
1. Introduction

The burden of stroke remains the second cause of death and

the main cause of disability worldwide.1 In the classification of is-

chemic stroke, large-vessel occlusion (LVO) is a catastrophic event

and a major contributor to mortality and morbidity.2 LVO-related

stroke including the anterior and the posterior circulation accounts

for 11–24% of the total cases of stroke and needs emergent treat-

ment.3,4 Over the past years, several randomized-controlled trials

have established that intra-arterial thrombectomy (IAT) is a standard

treatment that can significantly improve the outcomes in LVO pa-

tients.5 Reportedly, the prognosis of IAT is inversely correlated with

door-to-puncture time and the recommended duration for the start

of IAT is within 6 hours after stroke onset.6,7 With the increasing use

of IAT in patients with acute infarction, early detection of LVO pa-

tients in the emergency room (ER) is important. National Institutes

of Health Stroke Scale (NIHSS) is the most common predictive scale

and is strongly associated with the presence of LVO.8 However, a

complete NIHSS examination is complicated and cannot be com-

pleted at emergency triage or during the pre-hospital ambulance

care. Therefore, many scales such as the FAST PLUS Test,9 Gaze-

Face-Arm-Speech-Time score,10 Speech Arm Vision Eyes scale,11

Rapid Arterial Occlusion Evaluation,12 and Vision Aphasia Neglect

scale have been established for quick prediction of LVO.13 The Glas-

gow Coma Scale is a three-item scale that includes eye, verbal, and

motor responses to evaluate patient consciousness. We aimed to

investigate the usefulness of GCS evaluation in acute stroke patients

to predict possible LVO.

2. Patients and methods

We retrospectively analyzed the prospective stroke registry

data from Jan. to Dec. 2015 in an academic tertiary hospital. Patients

diagnosed with acute ischemic stroke in our ER within 6 hours after

the onset of stroke were enrolled. All patients were assessed using

GCS at the ER triage by a well-trained nurse. All patients underwent

computed tomography (CT) angiography or magnetic resonance im-

aging to confirm LVO stroke after admission. GCS is composed of

three components: eye, verbal, and motor responses. LVO was de-

fined as acute occlusion of the internal carotid artery (ICA), first divi-

sion (sphenoidal segment) of the middle cerebral artery (MCA), sec-

ond division (insular segment) of the MCA (M2), vertebral artery, or

basilar artery (BA). Using our registry, data regarding initial symp-

toms at triage, initial blood pressure, electrocardiogram, and hyper-

dense MCA sign on non-contrast brain CT scan were collected and

analyzed.
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S U M M A R Y

Background: Patients with acute cerebral large-vessel occlusion (LVO) are candidates for thrombectomy.

Early detection of LVO by emergent triage according to clinical symptoms is difficult. We aimed to in-

vestigate the usefulness of evaluation using the Glasgow Coma Scale (GCS) in acute stroke patients to

predict possible LVO.

Methods: We retrospectively evaluated our stroke registry data from Jan. to Dec. 2015. Patients diag-

nosed with acute stroke in our emergency room (ER) within 6 hours of stroke onset were included. All

LVO patients were documented on magnetic resonance imaging or computed tomography angiography

after admission. We analyzed the relationship between GCS and LVO.

Results: Altogether, 319 acute stroke patients presenting to the ER within 6 hours of stroke onset were

included and analyzed. Eighty-two (25.7%) patients had LVO and were possible candidates for throm-

bectomy. Patients in the LVO group were significantly older (73 � 12 years, p < 0.05) and showed a

greater incidence of atrial fibrillation (45% vs. 13%, p < 0.001) and dense artery sign on non-contrast

computed tomography (61% vs. 1%, p < 0.001). The non-LVO group had a greater proportion of male

patients (64% vs. 48%). GCS showed fair sensitivity (94%) and specificity (90%) in predicting LVO stroke.

The positive predictive value was 77% and the negative predictive value was 98%. The odds ratio for LVO

with GCS score < 15 was 60.39 (95% confidence interval: 13.32–273.83).

Conclusion: GCS evaluation at triage can help in early detection of patients with LVO stroke and may

hasten the protocol of intra-arterial thrombectomy.
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2.1. Statistical methods

Continuous variables were presented as mean � standard de-

viation and categorical variables were presented as number (per-

centage). We used 2 � 2 tables and the chi-squared test or the

Fisher’s exact test to evaluate the association between the variables.

Multivariable logistic regression was performed to determine the

independent predictive factors for LVO. Statistical analyses were

performed using IBM SPSS Statistics version 25 (IBM Corp., Armonk,

NY, USA). The study complied with the 1975 Helsinki Declaration on

ethics in medical research and was reviewed by the Institution Re-

view Board of Mackay Memorial Hospital.

3. Results

We enrolled 319 patients who presented to the ER with acute

stroke symptoms within 6 hours after stroke onset. Among these,

25.7% (n = 82) of the patients had LVO and were possible candidates

for thrombectomy. No significant differences were observed in sys-

tolic and diastolic blood pressures between the LVO group and the

non-LVO group (Table 1). The LVO group had a higher incidence of

change in consciousness compared to the initial presentation at the

ER triage and no isolated incidence of dizziness or slurred speech.

We also observed that patients in the LVO group were significantly

older (73 � 12 years, p < 0.05) and showed a greater incidence of

atrial fibrillation (45% vs. 13%, p < 0.001) and not full GCS scale

(93.9% vs. 9.3%, p < 0.001) than the non-LVO group. The non-LVO

group had a higher proportion of male patients (64% vs. 48%, p <

0.001). In the imaging analysis, dense artery sign was a significant

predictive factor for LVO (61% in the LVO group vs. 1.3% in the

non-LVO group, p < 0.001). A strong correlation was observed be-

tween LVO stroke and GCS score less than the maximum value. The

decrease response in each component of GCS has a significant differ-

ence between the LVO group and the non-LVO group, in which the

decrease level of verbal component has highest incidence in LVO

group.

In Figure 1, we constructed a receiver operating characteristic

(ROC) curve of GCS for predicting whether patient have LVO. The

area under curve (AUC) was 0.935 (p < 0.001, 95% CI 0.900–0.970).

The optimum cut-off GCS was 14.5. Under the result, it is reasonable

to use GCS < 15 for LVO detection. GCS < 15 exhibited fair sensitivity

(94%) and specificity (90%) in predicting LVO stroke (Table 2). The

positive predictive value was 77% and the negative predictive value

was 98%.

In the logistic regression analysis (Table 3), the odds ratio for

LVO patients with GCS score < 15 was 60.39 (95% confidence inter-

val: 13.32–273.83) after adjusting for age.

4. Discussion

In our registry data, 25.7% of the acute stroke patients pre-

senting to the ER within 6 hours after stroke onset had an LVO-type

infarction. This result is similar to the results reported in previous
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Table 1

Clinical characteries of total study patients.

LVO

(n = 82)

Non-LVO

(n = 237)
p-value

Age (years) 073 � 12 069 � 13 < 0.001

Sex (male) 48% 64% < 0.012

Systolic BP (mmHg) 158 � 33 160 � 32 < 0.670

Diastolic BP (mmHg) 081 � 19 083 � 18 < 0.470

NIHSS 0.18 � 5.6 00.5 � 4.3 < 0.001

Initial complain at triage

Hemiparesis 74% 67%

Change in consciousness 26% 01%

Slurred speech or dizziness 00% 32%

Afib at ER 45% 13% < 0.001

Dense artery sign in brain CT 61% 01% < 0.001

GCS < 15 (less than maximum score) 94% 09% < 0.001

CGS-Eye < 4 (less than maximum score) 56.1% 2.9% < 0.001

GCS-Motor < 6 (less than maximum score) 73.1% 5.4% < 0.001

GCS-Verbal < 5 (less than maximum score) 82.9% 9.2% < 0.001

Data are presented as mean � standard deviation or percentages.

Afib: atrial fibrillation, BP: blood pressure, CT: computed tomography, ER:

emergency room, GCS: Glasgow Coma Scale, LVO: large-vessel occlusion,

NIHSS: National Institutes of Health Stroke Scale.

Table 2

Sensitivity and specificity of GCS to predict LVO.

LVO Non-LVO

GCS < 15 (less than maximum score) 77 22 Positive predictive value = 77%

GCS = 15 (maximum score) 5 215 Negative predictive value = 98%

Sensitivity = 94% Specificity = 90%

Data are presented as number of patients.

GCS: Glasgow Coma Scale, LVO: large-vessel occlusion.

Figure 1. ROC curve of GCS to predict LVO.

Table 3

Results of multivariate logistics regression (adjusted age).

OR 95% CI p value

GCS < 15 60.39 13.32–273.83 < 0.001

NIHSS � 8 04.14 1.00–17.16 < 0.050

Dense artery sign 32.95 05.99–181.25 < 0.001

Afib in ER 04.25 1.22–14.83 < 0.020



studies. Thus, ER physicians should be aware that approximately a

quarter of acute stroke patients require aggressive endovascular

thrombectomy. Interestingly, according to the initial chief com-

plaints noted at triage, some patients’ chief complaints were dizzi-

ness or change in consciousness rather than hemiparesis. However,

almost all patients with change in consciousness belonged to the

LVO group and no patient with isolated incidence of dizziness had

LVO. We noted gender and age differences between the groups. Pa-

tients from the LVO group were older than those in the non-LVO

group and male predominance was observed in the non-LVO group.

The difference in age between the groups may explain the greater

incidence of atrial fibrillation in the LVO group, as the prevalence of

atrial fibrillation increases with age.14 The male predominance in the

non-LVO group may be explained by the fact that men have a higher

overall incidence of stroke.15

In routine practice, the GCS scores were checked in every pa-

tient at the ER triage. It is well known that infarction in the large main

trunk territory of the MCA usually results in decreased conscious-

ness and lower GCS scores. GCS scoring is also useful in detecting

distal MCA branch infarctions, such as those in the M2 segment. In

M2 segment infarctions, significant aphasia in the dominant hemi-

sphere and eyelid apraxia in the non-dominant hemisphere may be

observed. This results in decreased scores in the verbal and eye com-

ponents of GCS.16 In patients with BA occlusion (BAO), abnormal

posture such as decerebrate or decorticate posture is commonly ob-

served along with decreased score in the motor component of

GCS.17 Our study has documented the usefulness of GCS in detection

of LVO. However, we found that some patients with GCS score of 15

(maximum GCS score) had LVO. It is often observed in the M2 seg-

ment of the non-dominant MCA.

It is well known that the dense artery sign is commonly ob-

served on brain CT in LVO stroke.18 In our study, only 61% of the pa-

tients exhibited this sign. Thus, it could not be considered a reliable

marker of LVO. We believe that the hyperdense MCA sign cannot be

observed in distal or proximal ICA occlusion due to patent MCA in

such cases. Cardioembolic stroke is the primary etiology of acute

LVO.19 Our study showed that 45% of the patients had atrial fibrilla-

tion on electrocardiogram in the ER. The incidence of atrial fibrilla-

tion in the present study was lower than that reported in other

studies, possibly due to the large proportion of patients having

paroxysmal atrial fibrillation that cannot be detected on electrocar-

diogram in the ER.

Several research groups have developed pre-hospital stroke se-

verity and LVO screening tools. To the best of our knowledge, we are

the first team to elucidate the usefulness of GCS. However, our study

has some limitations. It was a single-center study at a tertiary hospi-

tal where the examinations were conducted by well-trained nurses

at ER triage. More data from local hospitals are needed to test the

generalizability of our results regarding the utility of GCS in LVO

stroke. In the present study, cerebral vessel imaging was performed

after the emergency treatment. Since IAT was not an option in 2015,

intravenous recombinant tissue plasminogen activator (rtPA) ther-

apy was the standard treatment20 with less than 20% success rate in

LVO. In our study, 13% (44/319) of the patients underwent rtPA

thrombolysis. The rate of LVO in the present study was probably un-

derestimated and further studies are needed to elucidate the inci-

dence of LVO.

In conclusion, GCS evaluation is a reliable method for the initial

screening for LVO. Approximately a quarter of patients who reported

to the ER within 6 hours after stroke onset had LVO and needed ag-

gressive treatment. We believe that this commonly used scale can

hasten the thrombectomy protocol.

Conflicts of interest

I have no conflicts of interest.

Acknowledgements

The authors thank Fang-Ju Sun for statistical analyses suggestions.

References

1. Katan M, Luft A. Global burden of stroke. Semin Neurol. 2018;38:208–211.

2. Malhotra K, Gornbein J, Saver JL. Ischemic strokes due to large-vessel

occlusions contribute disproportionately to stroke-related dependence

and death: A review. Front Neurol. 2017;8:651.

3. Dozois A, Hampton L, Kingston CW, et al. Plumber study (prevalence of

large vessel occlusion strokes in mecklenburg county emergency re-

sponse). Stroke. 2017;48:3397–3399.

4. Rai AT, Seldon AE, Boo S, et al. A population-based incidence of acute

large vessel occlusions and thrombectomy eligible patients indicates sig-

nificant potential for growth of endovascular stroke therapy in the USA. J

Neurointerv Surg. 2017;9:722–726.

5. Goyal M, Menon BK, van Zwam WH, et al. Endovascular thrombectomy

after large-vessel ischaemic stroke: A meta-analysis of individual patient

data from five randomised trials. Lancet. 2016;387:1723–1731.

6. Smith EE, Kent DM, Bulsara KR, 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:e111–e122.

7. Saver JL, Goyal M, van der Lugt A, et al. Time to treatment with endo-

vascular thrombectomy and outcomes from ischemic stroke: A meta-

analysis. JAMA. 2016;316:1279–1288.

8. Hastrup S, Damgaard D, Johnsen SP, et al. Prehospital acute stroke sever-

ity scale to predict large artery occlusion: Design and comparison with

other scales. Stroke. 2016;47:1772–1776.

9. Václavík D, Bar M, Kle�ka L, et al. Prehospital stroke scale (FAST PLUS Test)

predicts patients with intracranial large vessel occlusion. Brain Behav.

2018;8:e01087.

10. Scheitz JF, Abdul-Rahim AH, MacIsaac RL, et al. Clinical selection strategies

to identify ischemic stroke patients with large anterior vessel occlusion:

Results from SITS-ISTR (safe implementation of thrombolysis in stroke in-

ternational stroke thrombolysis registry). Stroke. 2017;48:290–297.

11. Keenan KJ, Smith WS. The speech arm vision eyes (save) scale predicts

large vessel occlusion stroke as well as more complicated scales. J Ne-

urointerv Surg. 2019;11:659–663.

12. Pérez de la Ossa N, Carrera D, Gorchs M, et al. Design and validation of a

prehospital stroke scale to predict large arterial occlusion: The rapid arte-

rial occlusion evaluation scale. Stroke. 2014;45:87–91.

13. Teleb MS, Ver Hage A, Carter J, et al. Stroke vision, aphasia, neglect (van)

assessment-a novel emergent large vessel occlusion screening tool: Pilot

study and comparison with current clinical severity indices. J Neurointerv

Surg. 2017;9:122–126.

14. Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrilla-

tion in adults: National implications for rhythm management and stroke

prevention: The anticoagulation and risk factors in atrial fibrillation

(ATRIA) study. JAMA. 2001;285:2370–2375.

15. Feigin VL, Norrving B, Mensah GA. Global burden of stroke. Circ Res.

2017;120:439–448.

16. Caplan L, Babikian V, Helgason C, et al. Occlusive disease of the middle

cerebral artery. Neurology. 1985;35:975–982.

17. Voetsch B, DeWitt LD, Pessin MS, et al. Basilar artery occlusive disease in

the new england medical center posterior circulation registry. Arch Ne-

urol. 2004;61:496–504.

18. Schuknecht B, Ratzka M, Hofmann E. The “dense artery sign”—major ce-

rebral artery thromboembolism demonstrated by computed tomogra-

phy. Neuroradiology. 1990;32:98–103.

19. Boodt N, Compagne KCJ, Dutra BG, et al. Stroke etiology and thrombus

computed tomography characteristics in patients with acute ischemic

stroke: A MR CLEAN registry substudy. Stroke. 2020;51:1727–1735.

20. Cui Y, Huang T, Wang Z, et al. Intravenous thrombolytic therapy using

low-dose rt-PA in a broadened therapeutic window for ischemic stroke

treatment under multimode magnetic resonance imaging monitoring.

Int J Gerontol. 2019;13:231–234.

66 Y.-P. Hwang et al.


