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Background: Detection of large vessel occlusion (LVO) is required for endovascular
therapy in acute ischemic stroke (AIS) but CT angiography (CTA) is not always per-
formed at primary stroke centers. Eye deviation on CT brain has been associated
with improved stroke detection, but comparisons with angiographic status have
been limited. This study sought to determine if radiological eye deviation was asso-
ciated with LVO. Methods: All AIS patients given intravenous thrombolysis who
had acute CTA performed in 2 stroke units were reviewed over 2013-2015 for the
presence of LVO. Eye deviation was determined by 2 clinicians blinded to LVO sta-
tus. Logistic regression was performed to determine which factors predicated LVO.
Results: Total 195 AIS patients with acute CTA were identified; 124 (64%) had LVO.
Median age was 72 (IQR 64�82) years, median National Institutes of Health Stroke
Scale (NIHSS) was 12 (IQR 7-14). LVO patients had a higher NIHSS (15 versus 7,
p < .01) and were more likely to have eye deviation on CT brain (71% versus 22.5%,
p < .01). Logistic regression confirmed NIHSS score and eye deviation were associ-
ated with LVO, with odds ratios of 1.15 (per point) and 5.13 respectively. NIHSS
less than equal to 11 gave greatest sensitivity (78.5%) and specificity (76.1%) for
LVO with a positive predictive value of 84.7%. Eye deviation was similar with sen-
sitivity 71%, specificity 77.5%, and 84.6%. Conclusions: Eye deviation on CT brain is
strongly associated with LVO. Presence of eye deviation on CT should alert clini-
cians to probability of LVO and for formal angiographic testing if not already
performed.
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Introduction

Endovascular thrombectomy (EVT) has proven efficacy
in acute ischemic stroke (AIS). Because the treatment
effect is time dependent, with more rapid reperfusion
improving likelihood for good clinical outcome, early
identification of potential EVT candidates is crucial. It has
been estimated that 7%-15% of AIS patients may be eligi-
ble for EVT.1 However, there are significant logistical bar-
riers to provide EVT for all patients presenting with AIS.
Most UK hospitals treating AIS patients do not have EVT
available on-site (82%) while some have no access to EVT
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at all. Even in centers capable of performing EVT, access
is typically not possible for 7 days per week, a service con-
straint expected to continue into the future.2 Despite rec-
ommendations,3 vascular imaging is not yet performed
for all AIS patients nationally, while even high volume
centers where CT angiography (CTA) is part of imaging
protocols do not perform CTA on all AIS cases for multi-
ple reasons.4,5

In order to identify patients earlier who may be eligible
for EVT, multiple prediction tools have been investigated
for their sensitivity and specificity at predicting large
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vessel occlusion (LVO). These include the National Insti-
tutes of Health Stroke Scale (NIHSS), Cincinnati Prehospi-
tal Stroke Severity Scale, Los Angeles Motor Scale, Rapid
Arterial Occlusion Evaluation , and the 3 Point Stroke
scale.6 All of these scoring systems other than Los Angeles
Motor Scale use clinical eye deviation as a predictor of
LVO but none have both high sensitivity and specificity.
Eye deviation in isolation has been shown to have a posi-
tive predictive value (PPV) of 90% for LVO in 1 small
study.6 Despite the usefulness of clinical eye deviation in
stroke there is poor inter-rater reliability for detecting this
sign with previous studies showing a kappa value of 0.46
between trained neurologists.7

Eye deviation detected on CT brain imaging has previ-
ously demonstrated clinical usefulness in the assessment
of patients with AIS. Eye deviation detected on CT enhan-
ces radiologists’ ability to detect early signs of brain
ischemia.8 Radiological eye deviation localizes the symp-
tomatic hemisphere in 93% of AIS cases and has superior
inter-rater variability in comparison to a clinical assess-
ment of eye deviation.8 Eye deviation on CT has been
associated with larger middle cerebral artery infarct
volumes9 and may infer spatial neglect due to cortical
ischemia.10 Studies comparing radiologically detected eye
deviation and LVO status in AIS have been limited to
date. This study sought to investigate the usefulness of
radiological eye deviation as a predictor of LVO.
Methods

We retrospectively examined clinical and imaging data
for consecutive AIS patients admitted to 2 acute stroke serv-
ices over a 3-year period (January 1, 2013 until December 31,
2015) as part of a national audit and quality improvement
program. The institutional quality improvement board for
each center approved the study. From this cohort we
selected all AIS patients who had CTA performed acutely to
determine LVO for presence of radiological eye deviation.
Demographic data and admission NIHSS scores were

collected from hospital records. Individual patients were
reviewed for angiography (CTA/magnetic resonance
angiography) during the acute admission and a LVO clas-
sified as an internal carotid artery, proximal middle cere-
bral artery, M1 or M2 branch, posterior cerebral artery, or
basilar artery occlusion.
Two stroke neurologists independently reviewed the

admission CT brain slices around the orbits of all included
patients to determine the presence of eye deviation. Eye
deviation was recorded as present or absent based on sub-
jective assessment of the radiological appearance. In order
to reflect clinical practice as closely as possible, a formal
measurement of eye deviation angle was not used. The
clinicians were blinded to clinical information including
NIHSS, symptomatic cerebral hemisphere CT brain
report, and angiography imaging and report. Any dis-
crepancies were resolved through consensus.
Analyses were carried out using IBM SPSS Statistics for
Windows, Version 25.0. Normality of continuous data
was determined using the Shapiro-Wilk test and where
nonuniformity was identified, nonparametric tests were
performed. Univariate analyses were performed using
chi-square tests. Binomial logistic regression was carried
out on univariate analyses approaching significance. Sen-
sitivity, specificity, positive and negative predictive val-
ues (NPVs), and receiver operating characteristic curves
for predictors of LVO were calculated on significant fac-
tors from the logistic regression model. Inter-rater vari-
ability in determining radiological eye deviation and
clinical versus radiological assessment of eye deviation
were analyzed using Cohen’s kappa statistic.
Results

Total 195 AIS patients treated with intravenous throm-
bolysis were identified. Of these 124 patients (64%) had a
LVO. Shapiro-Wilk testing showed that NIHSS score and
age were non-normally distributed (p< .01 for both). The
median age in the entire cohort was 72 (interquartile
range 64-82) and the median NIHSS score was 12 (inter-
quartile range 7-14). NIHSS scores were negatively
skewed as shown in Figure 1.
Age, gender, NIHSS score, common risk factors for

stroke as well as the presence of eye deviation on CT brain
were analyzed using chi-square tests. Patients with LVO
had a significantly higher median NIHSS (15 versus 7,
p < .01), were more likely to be female (48.4% versus 31%,
p < .01) and were more likely to have radiological eye
deviation (71% versus 22.5%, p < .01) than patients with-
out LVO. The risk factor data distributions among
patients with and without LVO are shown in Table 1.
Logistic regression was carried out on all variables with a

p value approaching significance (<0.25). The logistic regres-
sion model was statistically significant (chi-square 72.8,
p < .01) and was able to successfully predict the outcome in
78.5% of cases, with a Nagelkerke R2 value 0.427. This con-
firmed that radiological eye deviation (OR 5.13) and increas-
ing NIHSS score (OR 1.15 for each point increase in score)
were associated with LVO as shown in Table 2.
Sensitivity, specificity, positive, and NPVs were calcu-

lated for NIHSS score and radiological eye deviation. To
determine the optimum NIHSS value for this sensitivity
and specificity were calculated for each cut off score on
the NIHSS as shown in Figure 2. An NIHSS score of less
than equal to 11 gave the maximum sensitivity for speci-
ficity with a sensitivity of 78.5%, specificity 76.1%, PPV
84.7%, and NPV 65.3%. Using the presence solely of eye
deviation on CT as a predictor of LVO gave a sensitivity
71%, specificity 77.5%, PPV 84.6%, and NPV 60.4%.
Receiver operating characteristic curves were calculated
for NIHSS score and the presence of eye deviation on CT,
with an area under the curve of 0.8 and 0.74 respectively,
as seen in Figure 3.



Figure 1. Distribution of NIHSS scores. Abbreviation: NIHSS, National Institutes of Health Stroke Scale. (Color version of figure is available online.)
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Clinical eye deviation was compared to radiological eye
deviation on CT. Clinical eye deviation was significantly
associated with LVO (p< .01). However clinical eye devia-
tion was identified less frequently than radiological eye
deviation (43.5% compared to 71%). As NIHSS score
already includes the clinical measurement of eye devia-
tion, the clinical assessment could not be used as part of
Table 1. Risk factors associated with stroke in patients with

and without LVO

Risk factor Large vessel

occlusion

(N = 124)

No large vessel

occlusion

(N = 71)

p value

Median (interquartile

range)

Age 72 (65-83) 71 (58-81) .24

NIHSS score 15 (11-20) 7 (5-10) <.01

Number (percentage)

Hypertension 35 (28.2) 9 (12.7) 0.09

Diabetes 14 (11.3) 4 (5.6) 0.35

Current/ Ex-smoker 21 (16.9) 10 (14.1) .42

Atrial fibrillation 20 (16.1) 7 (9.9) .22

Previous stroke 15 (12.1) 7 (9.9) .53

Congestive cardiac

failure

5 (4.0) 1 (1.4) .15

Anticoagulant 6 (4.8) 4 (5.6) .78

Gender (Female) 60 (48.4) 22 (31.0) .02

Eye deviation on CT 88 (71.0) 16 (22.5) <.01

Clinical eye deviation

(NIHSS point 2)

54 (43.5) 8 (11.3) <.01

Bold variables were statistically significantly different between

both groups. ( P<0.05).

Abbreviations: NIHSS, National Institutes of Health Stroke Scale.
the logistic regression model. The sensitivity of clinical
eye deviation was 57.6%, specificity 78.3%, PPV 81.9%,
and NPV 51.9%. Eye deviation was directed towards the
symptomatic hemisphere in the majority of cases (81%).
There was fair inter-rater agreement of clinical and radio-
logical evidence of eye deviation for predicting LVO, with
Kappa 0.3 (95% CI 0.17, 0.44).
To determine the clinical ease of identifying radiological

eye deviation (Ferghal McVerry and Mark O McCarron)
independently reviewed the admission CT brain blinded
to the result of the angiography. Inter-rater variability
was again assessed using Cohen’s Kappa showing a good
agreement with Kappa 0.56 (95% CI 0.44, 0.68).
Discussion

This study demonstrates that LVO status in thromboly-
sis eligible AIS patients can be predicted with high speci-
ficity and positive predictive value in the presence of
radiological eye deviation on acute CT brain. The sensitiv-
ity and specificity for LVO prediction using radiological
eye deviation was 71% and 77.5% respectively. Other
methods for determining likelihood for LVO include both
the hyperdense vessel sign on noncontrast CT brain and
NIHSS. The hyperdense vessel sign has a sensitivity of
52.4% and specificity of 94.9% although PPV for this sign
has not been reported.11 A recent meta-analysis suggested
NIHSS was the best clinical predictor of LVO but prospec-
tive studies to examine other LVO prediction tools are still
needed.6 In this study NIHSS less than equal to 11 had a
PPV for LVO of 84.7 % while radiological eye deviation
performed similarly to NIHSS with a PPV of 84.6 % with
a similar AUC (Fig 3). NIHSS requires specific training



Table 2. Binomial logistic regression model for factors pre-

dictive of LVO

Risk factor Odds ratio (95%

confidence Intervals)

p value

Age 1.01 (0.98-1.04) .37

NIHSS score 1.15 (1.08-1.23) <.01

Hypertension 0.907 (0.43-1.92) .80

Atrial fibrillation 1.17 (0.44-3.07 .75

Congestive cardiac failure 0.42 (0.03-5.17) .50

Gender (Female) 1.33 (0.63-2.8) .45

Eye deviation on CT 5.13 (2.35-11.2) <.01

Bold variables were statistically significantly different between

both groups. ( P<0.05).

Abbreviations: NIHSS, National Institutes of Health Stroke Scale.
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and has limited observer agreement, takes time to per-
form, and absolute score varies with symptomatic hemi-
sphere.7,12 In this study presence/absence of radiological
eye deviation was detected rapidly in order to assess its
potential for use in clinical practice and performed simi-
larly to NIHSS. It is a dichotomous test, meaning it may
be more feasible in some situations such as remote assess-
ment via telemedicine for making clinical decisions. Eye
deviation was more frequently identified on CT than
within the NIHSS clinical assessment (Table 1), suggesting
that clinical eye deviation may be under-recognized in
routine clinical practice.7 Lack of eye fixation to a target
Figure 2. Sensitivity and Specificity for NIHSS cut points to predict LVO. Abbre
Stroke Scale. (Color version of figure is available online.)
because of eye closure during the CT scanning procedure
may theoretically make subtle gaze paresis more likely to
be detected on CT rather than NIHSS, although this
hypothesis requires further study.
Guidelines report the importance of obtaining vascular

imaging in EVT eligible patients where feasible.3 Despite
this, it remains unclear what proportion of AIS patients
on a nationwide basis will receive CTA or an equivalent
vascular imaging modality. A temporal trend for increas-
ing use of CTA over time has been demonstrated13 and is
likely to increase given the proven benefit of EVT. Despite
the evidence base, CTA is not yet a routine for all AIS
patients and specific challenges relating to CTA access in
small or remote hospitals are acknowledged.3 Lack of
access to EVT at weekends/out of hours in the UK for
example as well as considerations regarding prevalence of
LVO in AIS and other logistical issues may result in ongo-
ing barriers to CTA being performed routinely for all AIS
patients.2,14 As access to noncontrast CT brain is not asso-
ciated with major barriers and is even available in some
mobile stroke unit ambulances, the presence of radiologi-
cal eye deviation could potentially provide additional
diagnostic, therapeutic, and prognostic information in
resource limited settings.15 A high proportion of patients
in the study were identified with LVO (64%). This is
higher than rates of LVO in acute stroke reported in other
studies which range from 39-48.5%1,16 Possible reasons
for this are that angiography was not routinely performed
viations: LVO, large vessel occlusion; NIHSS, National Institutes of Health



Figure 3. Receiver operating characteristic curves for NIHSS score and radiological eye deviation for the presence of LVO. Abbreviation: LVO, large vessel
occlusion; (Color version of figure is available online.)
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in AIS in the centers investigated and therefore angiogra-
phy may have only been performed on patients deemed
to be high risk e.g. high NIHSS score or who presented
during normal working hours reflecting local practice.
There was no statistical difference in baseline charac-

teristics of the groups for known risk factors of LVO.
There was a higher proportion of females in the LVO
group (48.4% versus 31%) but this difference was not sig-
nificant in the regression model. The multivariate analy-
sis showed that eye deviation on CT and NIHSS were
strongly associated with LVO with an OR of 5.13 and
1.15 respectively. An NIHSS score of less than equal to
11 had the best sensitivity and specificity for LVO. This
compares with other studies that have found the best cut
off between 7 and 11.17,18

Limitations of Study

This study was a retrospective analysis of AIS patients
who received intravenous thrombolysis therapy and had
angiography performed. As CTA was not routinely per-
formed for 100% of patients over the study period we can-
not exclude a patient selection bias in the cohort.
Examining the predictive value for eye deviation in sus-
pected stroke patients with CTA+/-CT perfusion would
be an appropriate next step in validating the predictive
value of radiological eye deviation.
Also the neurologists analyzing the imaging had not
been formally trained to identify eye deviation and no for-
mal cut-off angle was agreed. Small studies have shown
15° of deviation are strongly associated with LVO but the
lack of specific training or measurement requirement
demonstrates the feasibility for detecting this sign in rou-
tine practice.19

Other potential causes for eye deviation include vestib-
ular lesions and seizures. This work was performed in a
population who presented with signs or symtpoms sug-
gesting acute stroke prior to imaging being undertaken,
meaning radiological eye deviation should not be used to
predict LVO without appropriate clinical suspicion for
stroke.20,21

Conclusion

Radiological eye deviation is a strong predictor of LVO
in AIS patients treated with IV thrombolysis. CTA is the
most widely performed imaging modality to detect LVO
but as barriers to CTA access persist in some settings
additional methods to predict LVO such as radiological
eye deviation may be clinically useful. Prospective evalua-
tion of radiological eye deviation in larger populations
incorporating CT perfusion and CT angiography in all
suspected stroke patients is required to determine the pre-
dictive value of this finding in wider clinical practice.
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