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Background: Large vessel occlusive (LVO) stroke causes severe disabilities and occurs in more than 37% of strokes. Reperfusion
therapy is the gold standard of treatment. Studies proved that endovascular thrombectomy (EVT) is more beneficial and decreases
mortality. This study aimed to evaluate the factor associated with LVO stroke in an Asian population and to develop the scores to
predict LVO in a prehospital setting. The score will hugely contribute to the future of stroke care in prehospital settings in the aspect of
transferal suspected LVO stroke patients to appropriate EVT-capable stroke centers.

Methods: This study was a retrospective cohort study using an exploratory model at the emergency department of Ramathibodi
Hospital, Bangkok, Thailand, between January 2018 and December 2020. We included the stroke patients aged >18 who visit ED and
an available radiologic report representing LVO. Those whose stroke onset was >24 hours and no radiologic report were excluded.
Multivariable logistic regression analysis developed the prediction model and score for LVO stroke.

Results: A total of 252 patients met the inclusion criteria; 61 cases (24%) had LVO stroke. Six independent factors were significantly
predictive: comorbidity with atrial fibrillation, clinical hemineglect, gaze deviation, facial palsy, aphasia, and cerebellar sign
abnormality. The predicted score had an accuracy of 92.5%. The LVO risk score was categorized into three groups: low risk (LVO
score <3), moderate risk (LVO score 3—6), and high risk (LVO score >6). The positive likelihood ratio to predicting LVO stroke were
0.12 (95% CI 0.06-0.26), 2.33 (95% CI 1.53-3.53) and 45.40 (95% CI 11.16-184.78), respectively.

Conclusion: The Large Vessel Occlusion (LVO) Risk Score provides a screening tool for predicting LVO stroke. A clinical predictive
score of >3 appears to be associated with LVO stroke.
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Introduction

Acute stroke is a common emergency problem that causes devastated disabilities such as hemiparesis, paresthesia, facial
drooping, slurred speech, and other symptoms that significantly affect the population’s well-being. In 2019, 355,671
inpatients were diagnosed with stroke in Thailand who suffered from the disease.' The key to stroke management is time.
The less time lost to diagnose stroke, the less time loss of opportunity to reperfusion brain circulation, which leads to
better outcomes and prevents further disabilities from ongoing brain ischemia. Statistically, over 37.3% of stroke patients
are pathologically from large vessel territories of brain circulation.?

Studies on predicting large vessel stroke have been published in recent years. Multiple tools or prediction scoring
systems such as VAN,* CPSS,* d-CPSS,’ LAMS,*” FAST-ED,?® 31SS,” RACE,'® and PAST'' were based on NIHSS and
the relationship between clinical presentations and large vessel stroke.'? These studies show their sensitivity of 67-85%
and specificity of 76-86%.> VAN and FAST-ED have been validated in terms of comprehensibility in later studies.'*'*
The result showed no difference in scoring or evaluation, representing the practicality of these prediction scores.
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From the 2019 Emergency Medical Services (EMS) record in Bangkok, 1727 patients have reached EMS who were
diagnosed with stroke. In general, after dispatching the EMS team and reaching patients, transferring to the appropriate
healthcare center depends on various factors such as the type of their healthcare rights, distance from scene to destination,
or needs of specific centers for indicated emergent conditions, which stroke is one of the conditions, especially for large
vessel stroke.'”> Endovascular treatment has been praised as a better treatment choice for some indicated strokes.
Unfortunately, only a few stroke centers can provide endovascular treatment in Thailand. Ramathibodi Hospital is one
of the endovascular-capable stroke centers.'®

According to recent studies, endovascular treatment has reduced morbidity and mortality in indicated acute large
vessel stroke. The verified extended onset time of 16—24 hours for endovascular treatment compared to the much shorter
time of 4.5 hours from the onset for medical thrombolytic treatment has increased the chance of treatment for the number
of the stroke patient.'®!” Therefore, it will be beneficial for suspected large vessel stroke patients who reach for EMS if
the EMS team is well trained and able to predict from clinical syndrome whether the stroke is large vessel territory which
resulted from inappropriate transfer to a suitable stroke center.

Ramathibodi Hospital, a university-affiliated super-tertiary-care hospital in Bangkok, Thailand, is an excellent
endovascular-capable stroke center. Ramathibodi has a robust guideline for stroke fast track, and the guideline for
endovascular treatment in indicated large vessel stroke patients has been implemented and updated for years. Prediction
of large vessel stroke in prehospital care could be the next significant improvement in stroke care in Ramathibodi
Hospital. This study aimed to evaluate the factor associated with LVO stroke in an Asian population and to develop the
scores to predict LVO in a prehospital setting, which could be the initial step to improving prehospital stroke care.

Methods
Study Design and Setting

This study was a diagnostic, retrospective cohort study and exploratory model conducted at the Emergency Department
(ED) of Ramathibodi Hospital Bangkok, Thailand. The Faculty of Medicine approved this study, Committee on Human
Rights Related to Research Involving Human Subjects, of Mahidol University’s Ramathibodi Hospital. (MURA2021/
430) Due to the retrospective design, the ethics committee waived the need for informed consent.

Participants
The study participant was required to be aged >18 years and visited the ED with the final stroke diagnosis. We excluded those
with these criteria; no brain and vascular imaging reports, incomplete data record, and the onset of clinical stroke were >24 hours.

Study Protocol
The eligible patients were included with the final stroke diagnosis (not specified as hemorrhage or infarction) and
cerebral infarction. This data was collected from the electronic Emergency Medical Record (EMR).

For sample size estimation, we collected data from stroke patients from 01 April 2020 and 30 June 2020 (3 months).
Eleven large vessel stroke patients (23.4%) and 36 non-large vessel stroke patients (76.6%). The ratio of large vessel
stroke per non-large vessel stroke was 0.31. STATA version 16.0 was used to analyze the sample size with a two-sample
comparison of large vessel stroke and non-large vessel stroke. The assumptions of alpha = 0.05 (two-sided test), power
was 0.8, and the sample size ratio was 1:3.2. The sample size was 60 in the large vessel stroke population, and the sample
size was 192 in the non-large vessel stroke population.

Data Collection

The baseline characteristics and clinical variable factors associated with LVO stroke were recorded. The variables include
gender, age, underlying disease (diabetes mellitus, hypertension, dyslipidemia, cerebrovascular disease, coronary artery
disease, and atrial fibrillation), first glucose level at the ED, the onset of stroke, and first NIHSS. The clinical diagnostic
for LVO stroke includes consciousness, hemineglect, gaze deviation, arm weakness, leg weakness, facial drooping,
language disturbance, slurred speech, and abnormal cerebellar signs.
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Cerebellar signs were basic neurological examinations that advanced EMS personnel, including emergency physi-
cians and paramedics, could perform correctly. Cerebellar signs in our study were finger to nose, nystagmus, or ataxia.
We excluded ataxia caused by any weakness.

Outcome Measures
The outcome of interest was an official report of LVO stroke from a radiologist of the brain or vascular imaging (CTA/
MRA). LVO stroke in our study included intracranial internal carotid artery (ICA), middle cerebral artery (only M1 and
M2) occlusion in anterior circulation and intracranial basilar artery (BA), vertebral artery (VA) and posterior cerebral
artery occlusion in posterior circulation. The outcome of interest was an official report of large vessel occlusion stroke
from a radiologist of the brain or vascular imaging (CTA/MRA) and an official report of large vessel occlusion from
interventional radiologist of emergency cerebral angiogram with mechanical thrombectomy.

Patients were then categorized into either an LVO stroke group or a non-LVO group. Finally, we developed
a prediction score for LVO stroke.

Statistical Analysis

We used STATA version 16.0 to analyze our data. Univariable logistic analysis was used to compare the variable between
the LVO and non-LVO stroke groups. Fisher's exact test was used for categorical data with frequency and percentage,
and the Student’s #-test for continuous data was presented with mean + standard deviation (SD). The power of
discrimination is presented with areas under the receiver operating characteristic (AuROC) curve, 95% confidence
intervals (Cls), and P-value.

We selected the high discriminative performance variable, clinically relevant to use as a variable in a prehospital
setting and statistically significant in the multivariable model. We used a multivariable logistic regression model with
backward elimination and reported with odds ratios, 95% Cls, and p-values. The coefficients of each selected variable
were divided by the smallest value, rounded to the nearest 0.5, and changed to LVO scores.

We classified LVO patients into three categories: high, moderate, and low probability of LVO stroke and reported
with a positive likelihood ratio, 95% CIs, and p-values. Discrimination performance of the model is presented with

AuROC curve and 95% ClIs. The calibration performance is presented with a graph of observing and predicting risk.

Results

From January 2018 to December 2020. Of 880 patients diagnosed with a stroke, 252 met the criteria and were diagnosed with
acute stroke within 24 hours of onset at Ramathibodi Hospital. Of 252 acute stroke patients included in this study, 61 had
a radiological diagnosis of LVO stroke. Six factors (comorbidity with atrial fibrillation, clinical hemineglect, gaze deviation,
facial palsy, aphasia, and cerebellar sign abnormality) had high discriminative performance variable, clinically relevant to use
as a variable in a prehospital setting and statistically significantly affected by the radiological result of LVO stroke (Table 1).

The multivariable logistic regression analysis of six factors was comorbidity with atrial fibrillation (OR 2.84, 95% CI
1.02-7.91, P-value 0.046), clinical hemineglect (OR 13.81, 95% CI 3.02-63.14, P-value 0.001), gaze deviation (OR 7.99,
95% CI 2.54-25.09, P-value <0.001), facial palsy (OR 10.31, 95% CI 2.31-46.04, P-value 0.002), aphasia (OR 19.33,
95% CI 6.91-54.03, P-value <0.001), and cerebellar sign abnormality (OR 2.65, 95% CI 0.68—10.34, P-value 0.159). The
coefficients of each selected variable were divided by the smallest value, rounded to the nearest 0.5, and changed to LVO
scores, with scores ranging from 0 to 3 (Table 2).

The discrimination performance of AuROC curve in multivariable logistic regression model was 92.5% (95% CI
88.7-96.3) (Figure 1), a good performance to predict LVO stroke. The calibration performance is presented with a graph
of observing and predicting risk (Figure 2). The LVO risk score was categorized into three groups: low risk (LVO score
<3), moderate risk (LVO score 3—6), and high risk (LVO score >6). The positive likelihood ratio to predicting LVO stroke
were 0.12 (95% CI 0.06-0.26), 2.33 (95% CI 1.53-3.53) and 45.40 (95% CI 11.16-184.78), respectively.
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Table | Clinical Characteristics of participants Categorized by Imaging Reports of Stroke results
as LVO or Non-LVO Stroke

Characteristics LVO Stroke Non-LVO Stroke | P-value | AuROC | 95% CI
N =61 (24.2%) | N =191 (75.8%)
N % N %

Gender, male 29 47.54 95 49.74 0.771 0.49 0.42-0.56

Age (Year) meantSD 68.23+17.23 64.12+12.76 0.047 0.59 0.49-0.68

Underlying disease
Diabetes 13 21.31 69 36.13 0.041 0.47 0.36-0.49
Hypertension 32 52.46 124 64.92 0.096 0.44 0.37-0.51
Dyslipidemia 20 32.79 86 45.03 0.103 0.44 0.37-0.51
Old CVA 8 13.11 46 24.08 0.075 0.45 0.39-0.50
CAD 8 13.11 20 10.47 0.640 0.51 0.47-0.56
AF 26 42.62 19 9.95 <0.001 0.66 0.60-0.73

Glucose (mg%) mean+SD 132.97455.10 139.42+63.14 0.409 0.47 0.39-0.56

NIHSS (med, IQR) 15 10, 18 4 2,6 <0.001 0.90 0.86-0.95

Onset (hours) (med, IQR) 3 1.5,9 5.50 2, 11 0.013 0.39 0.31-0.48

Clinical

Consciousness 26 42.62 13 6.8l <0.001 0.68 0.61-0.74
Neglect 17 27.87 3 1.57 <0.001 0.63 0.57-0.69
Gaze deviation 31 50.82 7 3.66 <0.001 0.74 0.67-0.80
Arm Weakness 57 93.44 130 68.06 <0.001 0.63 0.58-0.67
Leg Weakness 56 91.8 128 67.02 <0.001 0.62 0.58-0.67
Facial palsy 57 93.44 113 59.16 <0.001 0.67 0.62-0.72
Aphasia 31 50.82 I 5.76 <0.001 0.73 0.66-0.79
Dysarthria 42 68.85 112 58.64 0.176 0.55 0.48-0.62
Cerebellar 5 8.20 28 14.66 0.275 0.47 0.43-0.51

Abbreviations: LVO, large vessel occlusive; CVA, cerebrovascular accident; CAD, coronary artery disease; AF, atrial
fibrillation; NIHSS, National Institute of Health Stroke Scale.

Discussion

This study demonstrated that the newly developed LVO stroke score is an exceptional predictive tool to distinguish the
presence of LVO stroke in patients suspected of acute stroke in prehospital settings. LVO stroke score shows an impressive
likelihood ratio of 2.33 and 45.40, in moderate risk, with an average score of 3—6 and a high score of >6, respectively
(Table 3). The LVO stroke score is aggregated, and the total score is classified according to the probability of LVO: 0-2
points are mild risk, 36 points are moderate risk, and exceeding 6 points is a severe risk. In the mild risk group, the LR was
found to reduce the odds of LVO. Emergency medical service personnel decided to transfer these patients to any stroke
centers, but not necessarily a thrombectomy. If the LVO stroke score is moderate-to-severe risk, EMS personnel should be

concerned that LVO is possible and decides to transfer patients to a thrombectomy-capable stroke center.
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Table 2 Predictors of LVO Stroke and the Assigned Item Score in Cases of Acute Stroke

Predictor Category | aOR 95% CI P-value | Coefficient* | Score
AF No 1.00 Reference - - 0
Yes 2.84 1.02-7.91 0.046 1.04 |
Neglect No 1.00 Reference - - 0
Yes 13.81 | 3.02-63.14 0.001 2.63 25
Facial palsy No 1.00 Reference - - 0
Yes 1031 | 2.31-46.04 0.002 2.33 25
Aphasia No 1.00 Reference - - 0
Yes 19.33 | 6.91-54.03 | <0.001 2.96 3
Cerebellar No 1.00 Reference - - 0
Yes 2.65 | 0.68-10.34 0.159 0.98 |
Gaze deviation No 1.00 Reference - - 0
Yes 799 | 2.54-25.09 | <0.00I 2.08 2

Note: *Coefficients from multivariable logistic regression.
Abbreviations: aOR, adjusted odds ratio; AF, atrial fibrillation.

Based on the data of this study, we compared the Cincinnati prehospital stroke scale (CPSSS), including gaze palsy (2

points), arm weakness (1 point) and abnormal level of consciousness (1 point), and LVO score. The cut-off points at LVO

score of these more than 6 points have sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV) 93.5%, 85.5%, 67.1%, and 97.7%, respectively. The cut-off points at CPSSS score of these more than 2

points have sensitivity, specificity 89.75%, and 71.95%.

From the seven highest statistically significantly different clinical presentations and comorbidities to suggest the

presence of LVO stroke, six items were chosen to comply with the developed scoring tool (Table 2). Since the variability
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Risk of large vessel occlusion (LVO) (%)
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Figure 2 Observed risk (circles) vs score-predicted risk (solid line) of LVO stroke in acute stroke patient.

of interpretation in clinical consciousness was observed from the data-gathering process, we decided to exclude the
factor. The comorbidity of AF was defined as pre-existing diagnosis or first-episode onset of atrial fibrillation or atrial
flutter at the time of stroke diagnosis or during the period of in-hospital stroke admission. Either paroxysmal or persistent
types of AF were included. Other types of arrhythmias were excluded. The included AF was confirmed by ECG 12-lead
or noted in the medical record by medical personnel in case of paroxysmal type in which the abnormal rhythm had been
presented briefly in continuous vital sign monitoring. We included AF in the final score because the EMS system in the
Asian country, especially in Thailand, had 12-lead electrocardiograms in the ambulance. The atrial fibrillation inter-
pretation can be made by EMS personnel and the medical director.

Since endovascular revascularization treatment for stroke is available in both anterior and posterior cerebral
circulation,'” clinical cerebellar dysfunction was included in the LVO score despite the non-statistically significant
power toward the presence of large vessel occlusion stroke (Table 1). The low number of large vessels of posterior
circulation occlusion strokes, four cases from sixty-one LVO strokes, might have affected the characteristics statistic.

As previous reports or predicting LVO tools,® '! the selected clinical presentations for analysis were based on NIHSS
and suspected clinical presentations from affected large vessel lesion territories of the brain.'?> From the latest clinical
practice guidelines for ischemic stroke in the prehospital setting and ED from the Thai College of Emergency Physicians,
2020, FAST-ED is the screening tool for evaluating LVO stroke. Our cohort’s PPV and NPV of FAST-ED >4 are 72-80%
and 82-100%, respectively.

Table 3 Probability Categories in the LVO Score

Probability Categories | Score | LVO (n = 61) | Non-LVO (n =191) | LR* 95% ClI p-value
n % n %

Low <3 6 9.8 154 80.6 0.12 0.06, 0.26 < 0.001

Moderate 3-6 26 42.6 35 18.3 2.33 1.53, 3.53 < 0.001

High >6 29 47.6 2 1.1 4540 | 11.16, 184.78 | < 0.00I

Mean+SD 6.08+1.64 2.01£2.24 < 0.001

Abbreviations: LVO, large vessel occlusive; LR*, positive likelihood ratio.
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The study of Alexandre AM evaluated the NIHSS score when the patient had a groin puncture. The study
demonstrated that NIHSS < 5 related to better outcomes for mechanical thrombectomy.'® This study did not analyze
the data of NIHSS to predict LVO. Using the NIHSS score in the prehospital setting had limitations due to the variation
level of EMS care and was more complicated than using the LVO score.

Unlike the previous scoring tools, the LVO score is the first tool to be based on all aspects of clinically suspected
acute stroke: motor items, cortical sign items, and posterior circulation sign items. We believe the LVO score will be
much beneficial and valuable scoring tool for screening suspected large vessel occlusion stroke in a prehospital setting.

In Thailand, not every stroke center can perform a thrombectomy to assess LVO from prehospital. Although the six
predictors we chose to develop LVO score might affect slightly increased on-scene time, all six predictors can be
assessed since out-of-hospital. Therefore, the LVO score is practical in a prehospital setting and an assistive tool for
screening LVO stroke and guiding EMS personnel to decide to transfer patients to the appropriate destination hospital.

Limitation

Firstly, this study excluded stroke cases who came to ED later than 24 hours of onset, the possibility of data missing in case
of the presence of large vessel occlusion stroke in those neither excluded group nor unmet criteria for endovascular
treatment could have occurred. Secondly, most stroke patients in this study did not reach prehospital services, which could
be implied by selection bias when implementing LVO in prehospital settings. The EMS personnel in the Asian country was
paramedic and specialist doctor, and the interpretation of neurological exams with the same accuracy as physicians in the
ED may be the next project. Thirdly, recorded clinical assessment in this study was done by a neurologist, which could be
varied in real-life EMS personnel who are not specialized in neurological examination. However, the proposed LVO score
could be a valuable tool for the early screening of prehospital acute stroke patients who should be transferred to a proper
stroke center for endovascular treatment. Finally, this study excluded patients with hemorrhagic stroke, and this does not
reproduce the actual usage of a prehospital LVO score at last as critically, including hemorrhagic stroke and stroke mimics.

Conclusion
In conclusion, the Large Vessel Occlusion (LVO) Risk Score provides a screening tool for predicting LVO stroke.
A clinical predictive score of >3 appears to be associated with LVO stroke.
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