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ABSTRACT

Background: Early identification of patients with an emergent large vessel occlusion (ELVO) ischemic stroke is crucial in the Emergency
Department (ED), as they are the ideal candidates for endovascular therapy.

With this study, we have attempted to use Vision, Aphasia, Neglect (VAN) screening tool in the ED for rapid identification of ELVO ischemic
stroke and compared its performance with the National Institute of Health Stroke Severity (NIHSS) scale.

Materials and methods: A prospective observational study was conducted in the ED of a tertiary care hospital over 18 months among all
suspected stroke patients. Vision, aphasia, neglect and NIHSS scores were calculated on arrival. Magnetic resonance imaging + magnetic
resonance angiography (MRI + MRA) were taken as gold standard.

Results: This study found that VAN identified ELVO with 85.19% sensitivity (p-value < 0.0001), 88.64% specificity (p-value < 0.0001), and 87%
diagnostic accuracy, with respect to the gold standard test. Vision, aphasia, neglect had a positive predictive value (PPV) and negative predictive
value (NPV) of 82.14% and 90.7%, respectively. Time taken to perform VAN score in the ED was on average 2 minutes. National Institute of Health
Stroke Severity detected ELVO with a sensitivity of 88%, specificity of 51.11%, a PPV of 53.33%, and a NPV of 88.4%. Diagnostic accuracy was
66%, and it took approximately 5 minutes to perform. When both scores were applied together for ELVO detection, NPV was 100%.
Conclusion: Vision, Aphasia, Neglect score as well as NIHSS scale are both tools for clinical prediction of ELVO with VAN having a better diagnostic
accuracy and utility as a screening tool in the ED.
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HIGHLIGHTS

Large vessel occlusion stroke is a neurological emergency which
requires early detection and endovascular intervention.

Vision, Aphasia, Neglect (VAN) assessment is a novel screening
tool to clinically detect emergent large vessel occlusion (ELVO)
stroke. With this study, we attempt to study the utility of VAN score
in the Emergency Department (ED) for the same.

INTRODUCTION

Stroke is an epidemic of the modern times. Globally, every one in
four people over the age of 25 today have a probability of having
at least one stroke in their lifetime." It is currently the second
leading cause of death worldwide, exceeded only by ischemic
heart disease. Itis also one of the leading causes of adult disability,
with 116 million years of healthy life lost to this disease annually.>*
Today, two-thirds of the entire stroke disease burden is contributed
by low- and middle-income countries, including India.' The recent
COVID-19 outbreak has increased the risk of occurrence of ischemic
strokes.**

By definition, a stroke or a cerebrovascular accident (CVA) is
the sudden onset of a neurologic deficit resulting from a vascular
pathology; on an average 85% CVAs are ischemic and 15% are
hemorrhagic.5 Acute ischemic stroke is a time-critical” condition
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with a significant residual neurological burden. Hence, early
recognition is one of the key concepts in the “Chain of Survival”
as described by the American Heart Association (AHA)/American
Stroke Association guidelines.® Recent therapeutic advances such
as endovascular mechanical thrombectomy and thrombolysis
have been shown to significantly reduce mortality and morbidity
among the ischemic stroke population.”'° Earlier initiation of
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therapy has been found to correlate with better clinical outcomes
in these patients."

This brings the spotlight of stroke care onto the ED to develop
systems to recognize and triage these patients to adequately
equipped centers. The challenge now is to not only detect
stroke symptoms but also to identify those patients with a
possible emergent large vessel occlusion'? (ELVO is defined as a
thromboembolic occlusion of a M1 segment of the middle cerebral
artery, internal carotid artery, basilar artery, or occlusion of the M2
segment). Emergent large vessel occlusion stroke accounts for
nearly one-third of all ischemic strokes. These patients are the ideal
candidates for endovascular therapy and thus may benefit from
early referral to a center with endovascular capabilities.

Current AHA guidelines endorse a National Institute of Health
Stroke Severity (NIHSS) score > 6 as a criterion for intervention and
identification of stroke patients with an ELVO.®

Vision, Aphasia, Neglect is a novel ELVO screening tool' that
has been developed to quickly identify the possibility of ELVO in
stroke patients based on their clinical symptoms at presentation.

A search of existing literature reveals a lack of research
pertaining to the Indian population on the use of VAN scores as
well as NIHSS for clinical detection of ELVO from the ED.

Therefore, with this study, we have attempted to study the
efficacy of VAN in clinically detecting patients with an ELVO stroke
presenting to the ED. We also compared the performance of VAN
score with that of NIHSS in the ED.

MATERIALS AND METHODS

This was a single-center, prospective observational study
conducted in the ED of a tertiary care hospital. The subjects
were all patients presenting to the ED with symptoms suggestive
of a cerebrovascular accident in the time period of 18 months.
Institutional Ethical Committee approval was obtained prior to
initiation of the study (Ref. no.: JSS/ MC/PG/5189/2019-20).

SELECTION OF SUBJECTS

All suspected stroke patients who presented to the ED were
evaluated. Those who were above 18 years with symptoms
suggestive of stroke (which may be any of the following: limb
weakness, visual abnormalities, speech abnormalities, paresthesia,
giddiness/vomiting, and headache) were initially included after
obtaining informed consent. We excluded patients who were
unresponsive to commands, stroke mimics, trauma, or those with
prior CVA with residual deficit or prior audiovisual disabilities at
the initial evaluation.

OUuUTCOMES

The main objective was to study the efficacy of the VAN tool in
identifying patients who present with a possible ELVO stroke to
the ED of a tertiary care center in India, with respect to the gold
standard test for ELVO detection, i.e., MR angiogram.

We also attempted to compare the performance of VAN with
respect to the prediction by NIHSS scoring with a threshold of > 6,
to identify patients with ELVO.

SAMPLING TECHNIQUE

With respect to the pilot study which had a sample size of 62
patients, calculation by purposive sampling was undertaken
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(formula: Z2Pg/d?). To achieve an adequate power of 80%, a sample
size of 70 was arrived.'®

DATA COLLECTION

Eligible patients’ data were captured on a semistructured pro forma
that included:

- Demographic details.

-+ Time of symptom onset and time of presentation to the hospital.
« Nature of symptoms and respective comorbidities.

« Vital signs’ recording.

«  Neurological assessment of the patient.

« VAN score calculation (Table 1) and NIHSS score calculation.

Stubpy ProTOCOL

In all eligible patients who presented with symptoms suggestive
of a CVA, neurological assessment was done. Vision, Aphasia,
Neglect and NIHSS scores were calculated by the emergency
physician, and the patient was sent for MRA. The angiography
was reported by a blinded radiologist, and the prediction by
the scoring systems was compared and analyzed with the MRA
report (Flowchart 1).

Statistical Analysis

Data were entered into a Microsoft Excel datasheet and were
analyzed using SPSS 22 version software. Categorical data were
represented in the form of frequencies and percentage. Chi-square
test/Pooled Chi-square was used as the test of significance for
qualitative data. Sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were calculated for the
diagnostic testin comparison with the gold standard test. Receiver
operating characteristic (ROC) curve analysis was done to estimate
the area under the curve.

Graphical Representation of Data

MS Excel and MS Word were used.
A p-value < 0.05 was considered as statistically significant after
assuming all the rules of statistical tests.

REesuLTs

In our study, there were 70 patients who fit the inclusion criteria.
Stroke mimics were ruled out.

Our study population was predominantly male, comprising 67%
of the total study population, with the maximum percentage being
in the 40-65-year age-group. On evaluation, most patients had
comorbidities with hypertension and diabetes mellitus being the
most common. Two-thirds of the study population gave a history
of smoking and alcohol consumption.

On initial evaluation by the emergency physician, 40%
of our study population were VAN-positive with the most
prevalent component being the presence of aphasia, followed by
neglect. The time taken for VAN assessment was on an average
2 minutes.

The average NIHSS score of patients in this study was 9, with
the lowest score being 2 and the highest being 20. The time taken
to score NIHSS was 5 minutes.

On MRA, 27 patients were found to have large-vessel occlusion
(LVO), and the most commonly involved vessel was the middle
cerebral artery.
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Table 1: VAN score

Vision-Aphasia-Neglect scoring

Mild
Mod
Seve

Motor drift
How weak is the patient? (assess with both arms lifted to
shoulder level, palm facing upwards)

Visual disturbance Field

(minor drift)
erate (arm touches or nearly touches the ground)
re (flaccid/no antigravity)

Patient shows no weakness. VAN-NEGATIVE

cut (which side) test all 4 quadrants

Double vision

+ New-onset blindness
« None
Aphasia - Expressive — ask patient to repeat and name two objects
« Receptive - follow commands
+ Mixed
- None
Neglect + Forced gaze or inability to track to one side

Igno

Unable to feel both sides at the same time or unable to identify own arm

ring one side

None

Patient must have motor weakness plus one/all of the V, A, N to be VAN POSITIVE

Flowchart 1: Flowchart of the study protocol

Patients presented to the ED with symptoms suggestive of CVA

100 possible CVA patients who
presented to the ED

A

v

Inclusion/exclusion criteria were applied

v

30 patients excluded

v

If eligible, relevant history was collected, vitals were recorded and neurological examination was done

|

VAN and NIHSS scores were assessed

|

VAN components of the VAN score—if the
any of the three, they were labeled

no visual abnormality/aphasia and neglect compone

Patients with any motor weakness (including pronator drift) were evaluated further for the

Patients with no motor weakness or those with motor weakness but who were found to have

The emergency physician is the only one who is aware of the VAN and NIHSS scores

y were evaluated to have
as VAN-positive.

nts were labeled as VAN-negative.

!

Patients were shifted for MRI stroke protocol (DW1 + ADC sequences along with MRA).
The radiologist was blinded to the VAN as well as NIHSS scores of the patient

!

The report was analyzed and compared with the scores obtained

Vision, Aphasia, Neglect score for detection of ELVO in the
study population was found to have a sensitivity of 85.19% and
a specificity of 88.64% with a p-value < 0.0001 and a diagnostic
accuracy of 87%.

In our study, a cutoff NIHSS value of 6 was found to detect
ELVO with a sensitivity of 88% as well as a specificity of 51.11%. The
accuracy of the test was 66%.

Indian Journal of Critical Care Medicine, Volume 27 Issue 7 (July 2023)

When both VAN and NIHSS with a cutoff of 6 were applied, NPV
for ELVO detection was 100%.

By plotting ROC curves, VAN was found to have a larger area
under the curve (AUC) with 0.8 as opposed to 0.7 for NIHSS (with
a cutoff of 6). By Younden Index, it was found that an NIHSS score
cutoff >7 yields the highest combined sensitivity and specificity for
detection of ELVO than the AHA-recommended score of 6.
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Discussion

Stroke or cerebrovascular accident is one of the major contributors
to global mortality, with an annual death rate of five million. The
burden of stroke lies not only in the high mortality rates but also
in its high morbidity."

The unique aspect of this disease is that it is time-sensitive.
American Heart Association states that the dictum “Time is Brain”
should be the leading factor while planning stroke evaluation and
intervention. A stroke patient loses nearly two million neurons for
every minute that treatment is delayed. This leads to irreversible
consequences in the form of residual disabilities and a reduced
quality of daily life in stroke survivors.'®

Specific subsets of ischemic strokes are the ELVO strokes, which
are caused by thrombi occluding the large cerebral vessels. Recent
advances have brought up several novel treatment modalities
for ischemic strokes, chiefly intravascular thrombolysis, and
endovascular therapy.

At present, an NIHSS score of =6 is recommended by AHA as
a criterion for eligibility for endovascular therapy as well as for
the identification of ELVO stroke.? But this has been found to be
associated with a large number of false negatives, leading to a
number of potentially treatable cases being missed.

In our study, the demographic and clinical characteristics of
our patient population mirrored the global and regional trends for
stroke, as shown by comparison with the Heart Disease and Stroke
Statistics update 2015 as well as studies by Sylaja et al.,'® Ojha et al.,””
The INTERSTROKE study,'® as well the Indo-US Collaborative Stroke
Project'® (Table 2).16'°

The ideal window period for intervention for IV thrombolysis
is within 4 hours and for endovascular therapy is within 6 hours of
symptom onset. In our study, 20% of the population presented to
the ED within 4 hours and 40% within 6 hours of symptom onset
(Table 3).

Hence, based on the time of presentation itself, a large
proportion of our study population was out of the eligibility time
frame for consideration of IV thrombolysis, but they were still in the
time period for eligibility for endovascular therapy. This makes it
even more important that we screen these patients for ELVO and
triage them to adequately equipped centers.

Our study showed that the ED application of VAN yielded
a higher specificity, positive and negative predictive value, and
diagnostic accuracy and was faster when compared with NIHSS
(Tables 4 to 8).

A study conducted by Navalkele et al.?® compared VAN with
NIHSS (with a cutoff value greater than or equal to 6) as well as other
established prehospital ELVO screening tools such as rapid arterial
occlusion evaluation scale (RACE), field assessment stroke triage
for emergency destination (FAST-ED), and cincinnati prehospital
stroke scale (CPSS) and found VAN to have the highest NPV among
all screening assessments (88%). Our study found VAN to have an
even higher NPV of 90%.

Thisimplied that application of VAN in the ED produced a larger
number of true positives and true negatives, which is important to
screen for ELVO. It tests only for the presence / absence of specific
cortical symptoms with no score calculations and hence requires
lesser skill and training to apply than NIHSS. The presence of these
symptoms in combination has been proven to be associated with
LVO. Vision, Aphasia, Neglect is positive/negative based on the
presence of symptoms, irrespective of the severity of any individual
symptom. Hence, from our stud'y, we inferred that VAN is a better
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Table 2: Patient demographics

Age-wise distribution of patients

Age-group (years) No. of patients Percentage (%)
20-30 4 5.63
30-40 5 7.04
40-50 14 19.71
50-60 16 22.53
60-70 18 25.35
70-80 13 18.3
>80 1 1.4
Gender-wise distribution of patients
No. of patients Percentage (%)
Gender
Female 23 324
Male 48 67.6
Comorbidities
Absent 11
Present 60
Additional risk factors
No. of patients Percentage (%)
Alcohol Absent 55 775
Present 16 225
Smoking Absent 50 70.4
Present 21 29.6
Table 3: Presentation statistics
Time from onset to presentation No. of patients  Percentage (%)
Onset
Within 3 hours 5 7
3-4.5 hours 9 12
4-6 hours 13 18
6-16 hours 26 36
>16 hours 18 25
Presenting complaints No. of patients  Percentage (%)
Limb weakness 60 84.50
Speech abnormality 44 61.97
Slurring of speech 23
Aphasia 21
Giddiness 15 21.11
Vomiting 14 19.71
Neglect 8 25.35
Headache 7 9.85
Paresthesia 5 7.04
Visual abnormality 3 4.22
Average vitals on presentation Mean vitals
Pulse rate 85/min
Systolic BP 167 mm Hg
Diastolic BP 93 mm Hg
SpO, 97% at room air
CBG 162 mg/dL
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Table 4: Distribution of NIHSS score in patients

(E) Statistics — NIHSS > 6

No. of patients  Percentage (%) Statistic Value 95% Cl
NIHSS Less than 6 26 36.6 Sensitivity 88.89% 70.84-97.65%
More than 6 45 63.4 Specificity 52.27% 36.69-67.54%
Positive likelihood ratio 1.86 1.33-2.61
Table 5: VAN score in patients Negative likelihood ratio 0.21 0.07-0.64
No. of patients Percentage (%) Positive predictive value (¥) 53.33% 44.94-61.55%
VAN Negative 3 60.6 Negative predictive value (¥) 88.46% 71.77-95.85%
Positive 28 394 Accuracy (¥) 66.20% 53.99-77.00%
Table 6: Time taken to calculate VAN vs NIHSS in the ED
ROC curve
Score Time (average no. of minutes) 1.0
VAN 2
NIHSS 5 0.8
2
s 0.6
Table 7: Large artery occlusion detected on MRA =
[=
No. of patients  Percentage (%) S 047
Large artery occlusion  Absent 44 62.0 o
Present 27 38.0 '
00 T T T T
Table 8: Analysis 00 02 04 06 08 10
(A) Vision, Aphasia, Neglect 1-specificity
- Diagonal segments are produced by ties
Large artery occlusion
Present Absent Area under the curve
Nq. of Perceontage Ng. of Perceontage 95% confidence interval
patients (%) patients (%) Area Std. error p-value Lower bound | Upper bound
VAN Positive = 852 3 114 0.706 | 0.062 0.004 0.584 0.827
Negative 4 14.8 39 88.6 i .
Fig. 1: NIHSS (score >6) vs MR angiogram
(B) Statistics- VAN
Statistic Value 95% Cl tool to screen for ELVO strokes in patients presenting to the ED, but
Sensitivity 85.19% 66.27-95.81%  however, it cannot be used to assess stroke severity.
Specificity 88.64% 75.44-96.21% Also, we found the VAN is quicker to apply when compared with
Positive likelihood ratio 750 324-17.37 NIHSS ('2 minutesvs 5 minuFes).Hence,this ma?kes ita more practical
Negative likelihood rati 017 0.07-0.42 screening tool for strokes in the ED, where time is the brain.
eg-a- el e.' -oo ratio ’ R When both VAN and NIHSS were applied together, it did
Positive predictive value 82.14% 66.51-91.42%  not miss any case with ELVO on the angiogram. In other words,
Negative predictive value 90.70% 79.68-96.04%  they had a combined NPV of 100%. This shows that both tests
Accuracy 87.32% 77.30-94.04%  are necessary, with VAN performing better for quick screening

(C) Test of significance (VAN)

Pearson Chi-square tests

Occlusion
VAN Chi-square 38.178
Df 1
Sig. 0.0001"
(D) NIHSS > 6

Large artery occlusion

Present Absent
Count ColumnN% Count Column N%
Positive 24 88.8 21 47.7
NIHSS score  Negative 3 1.2 23 523

Indian Journal of Critical Care Medicine, Volume 27 Issue 7 (July 2023)

purposes in the ED.

Analysis using ROC curves (Figs 1 to 3) indicated that VAN
score had a better accuracy than NIHSS with a cutoff score 6 (0.869
vs 0.706). Also, additional analysis using Youden Index (Table 9)
showed that an NIHSS score cutoff >7 yields the highest combined
sensitivity and specificity for detection of ELVO as opposed to the
AHA-recommended standard of 6.

Hence, our study found that VAN score as well as NIHSS are
both tools for clinical prediction of ELVO in stroke patients, with
VAN having better diagnostic accuracy and utility as a screening
tool in the ED.

CONCLUSION

Vision, Aphasia, Neglect score as well as NIHSS are both tools for
clinical prediction of ELVO in stroke patients with VAN having a
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10 ROC curve
- /
[’//
0.8 (
2 / ////
s 067 ‘
: / ////
o 0.4+
’ / /
0.2
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-specificity
Diagonal segments are produced by ties
Area under the curve
95% confidence interval
Area Std. error p-value Lower bound | Upper bound
0.869 0.049 0.000 0.774 0.964

Fig. 2: VAN vs MR angiogram

100

80

i

2
=
E
e 40 /
207 f AUC = 0.767
p < 0.001
0 -
T T T T T T
0 20 40 60 80 100

100-specificity

Fig. 3: NIHSS score. As per the ROC curve, an NIHSS score cutoff
>7 yielded the highest combined sensitivity and specificity for
detection of ELVO

Table 9: Youden index

Youden index J 0.4510
Associated criterion >7
Sensitivity 89.29
Specificity 55.81

As per the ROC curve and its Youden Index, an NIHSS score cut-off >7 yield-
ed the highest combined sensitivity and specificity for detection of ELVO.

(9A) Criterion values and coordinates of the ROC curve

Criterion ~ Sensitivity ~ Specificity ~ +LR -LR +PV PV

>2 100.00 0.00 1.00 394

>2 100.00 2.33 1.02 0.00 40.0 100.0
(Contd...)
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(9A) (Contd...)

Criterion  Sensitivity ~ Specificity — +LR -LR +PV PV
>3 96.43 11.63 1.09 031 415 833
>4 89.29 53.49 192  0.20 556 885
>7 89.29 55.81 202 019 56.8 889
>8 82.14 58.14 196 031 56.1 833
>9 78.57 62.79 211 034 579 818
>10 64.29 72.09 230 050 600 756
>11 57.14 81.40 3.07 053 66.7 745
>12 39.29 90.70 422 067 733 696
>13 32.14 90.70 346 075 69.2 672
>14 28.57 95.35 6.14 075 80.0 672
>17 14.29 95.35 3.07 090 66.7  63.1
>18 3.57 100.00 096 1000 614

better diagnostic accuracy and utility as a screening tool in the ED.
Further studies with a more diverse study population and more
importantly in the prehospital scenario for ELVO screening among
suspected stroke patients are warranted.

LiMITATIONS

The study population was restricted to a single center.

Only patients presenting to the ED were included in the study,
and the scoring was done by the emergency physician.

The performance of the VAN score was not studied in the
prehospital population, which is where it is expected to have the
greatest utility.
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