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Background and Purpose—Large artery occlusion (LAO) in ischemic stroke requires recognition and triage to an
endovascular stroke treatment center. Noninvasive LAO detection is needed to improve triage.
Methods—Prospective study to test whether noninvasive cerebral oximetry can detect anterior circulation LAO in acute
stroke. Interhemispheric ∆BrSO2 in LAO was compared with controls.
Results—In LAO stroke, mean interhemispheric ∆BrSO2 was −8.3±5.8% (n=19), compared with 0.4±5.8% in small artery
stroke (n=17), 0.4±6.0% in hemorrhagic stroke (n=14), and 0.2±7.5% in subjects without stroke (n=19) (P<0.001).
Endovascular stroke treatment reduced the ∆BrSO2 in most LAO subjects (16/19). Discrimination of LAO at a −3%
∆BrSO2 cut had 84% sensitivity and 70% specificity. Addition of the G-FAST clinical score (gaze–face–arm–speech– time)
to the BrSO2 measure had 84% sensitivity and 90% specificity.
Conclusions—Noninvasive cerebral oximetry may help detect LAO in ischemic stroke, particularly when combined with a
simple clinical scoring system.   (Stroke. 2018;49:00-00. DOI: 10.1161/STROKEAHA.117.020140.)
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L

arge artery occlusion (LAO) accounts for up to a third of
ischemic strokes.1 Endovascular stroke treatment (EST)
trials show improved outcomes, with better outcomes at faster
recanalization times.2
EST expertise is severely limited. Prehospital LAO detection is critical to accurate triage.3,4 Scores such as the National
Institutes of Health Stroke Scale (NIHSS) identify hemispheric
signs, but these are too complicated for prehospital use. Simpler
scoring systems such as G-FAST (gaze–face–arm–speech–
time) have high specificity but lower sensitivity for LAO.5
Noninvasive cerebral oximetry by near-infrared spectroscopy identifies ischemia during cardiac surgery and carotid
endarterectomy.6 In this prospective study, we tested whether
cerebral oximetry could detect LAO.

medical diagnoses. Additional exclusions were age <18 and history
of craniotomy or cranial access procedure.
Cerebral oximetry was performed with an INVOS monitor
(Medtronic, Minneapolis, MN). Small adhesive sensors were placed
on symmetrical forehead locations. Measurements were recorded after
baseline signal stabilization of ≥30 s. Calculation of ∆BrSO2 was by
the formula ((%BrSO2[ipsilateral]−%BrSO2[contralateral])/%BrSO2[contralateral]),
expressed as percentage difference. For group 4, ipsilateral side was
randomly assigned.
G-FAST5 was determined from the electronic medical record,
blinded to the interhemispheric difference measurements.
Continuous data were compared with the nonparametric Kruskal–
Wallis test for 2 groups and ANOVA with post-test Bonferroni correction for >2 groups. Receiver-operator characteristics analysis
determined the optimum BrSO2 difference cut.
The data that support the findings of this study are available from
the corresponding author on reasonable request.

Approvals

Patients and Methods

The Kaiser Permanente Northern California institutional review
board approved this study. All subjects/surrogates gave written
informed consent to participate in the study.

We conducted a prospective study of noninvasive cerebral oximetry in
hospitalized subjects at a Joint Commission–certified Comprehensive
Stroke Center.
Group 1 subjects (n=19) were referred for anterior circulation
EST, with occlusion of the intracranial internal carotid artery or
middle cerebral artery M1/M2 segments on computed tomographic
angiography and catheter angiogram. Posterior circulation LAOs
were excluded. Group 2 (n=17) was patients with small artery
stroke, with no LAO on computed tomographic angiography. Group
3 (n=14) was supratentorial intraparenchymal hemorrhagic stroke
subjects. Group 4 (n=19) was subjects with non-neurological

Results
Mean age was 66.7±15.5 years. In group 1 (LAO), median
NIHSS was 18 (interquartile range, 17–21.5); in group 2
(small artery stroke), the median NIHSS was 2 (interquartile range, 1–3). In group 3, median ICH volume was 11 mL
(interquartile range, 7–15 mL), and median Graeb IVH score
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was 0 (interquartile range, 0–2). In group 3, ICH location was
thalamic in 5, ganglionic in 4, and lobar in 5.
In LAO ischemic stroke, mean ∆BrSO2 was −8.3±5.8%
(lower ipsilaterally), compared with 0.4±5.8% in group 2,
0.4±6.0% in group 3, and 0.2±7.5% in group 4 (P<0.001;
Figure [A]).
Vessel recanalization by EST reduced or eliminated the
interhemispheric difference in most LAO subjects (16/19),
with a mean ∆BrSO2 of −8.3±5.8% before EST and a mean
∆BrSO2 of 1.6±9.6% after EST (Figure [B] and [C]). The
change in ∆BrSO2 was associated with recanalization success (Figure [D]).
LAO discrimination at a ∆BrSO2 cut of −3% had 84.2%
sensitivity and 70% specificity (73.9% correctly classified,
receiver-operator characteristics area 0.77; 95% confidence
interval, 0.67–0.88). Addition of G-FAST=3+ to ∆BrSO2
yielded 84.2% sensitivity and 92.0% specificity (89.9% correctly classified, receiver-operator characteristics area 0.88;
95% confidence interval, 0.79–0.97, significant increase in
receiver-operator characteristics area by addition of G-FAST;
P<0.001). As expected, adding a more stringent cut point for
G-FAST of 4 versus 0 to 3 leads to lower sensitivity (68.4%)
but higher specificity (96.0%).

Although calculation of positive and negative predictive
values directly from our data would be spurious because
LAO prevalence cannot be determined in this study design,
if one assumes a prevalence of 15% to 30% for LAO in acute
stroke,1,7 the combination of G-FAST=3+ and ∆BrSO2 of −3%
would have a positive predictive value of 65% to 82% and
negative predictive value of 97% to 93%.

Discussion
In this pilot study, anterior circulation LAO caused a detectable ∆BrSO2 that was not seen in controls. EST reversed
the ∆BrSO2 in most cases. Combination of ∆BrSO2 with
G-FAST was found to yield high sensitivity and specificity
for LAO.
Prehospital triage optimization in LAO stroke is critical to
improve outcomes because most primary stroke centers cannot
perform EST.3,4 Primary diversion of all strokes to EST centers
is infeasible and would delay tPA (tissue-type plasminogen activator) treatment by bypassing closer primary stroke centers.4
Prehospital identification of LAO has focused on clinical scores, largely derived from the NIHSS. Scores tested for
this purpose include FAST, G-FAST (FAST+gaze abnormality), Los Angeles Prehospital Stroke Scale and the Cincinnati

Figure. A, Interhemispheric %BrSO2 difference in 4 groups: large artery occlusion (LAO), small artery occlusion (SAO), hemorrhagic stroke
(ICH), and nonstroke, medical patients without stroke. Bars represent mean±SD. B, %BrSO2 difference before and after endovascular
stroke treatment (EST). C, Before–after plot of %BrSO2 difference change with EST. For 16 of 19 subjects, the before EST difference in
BrSO2 was reduced (black symbols); for 3 of 19 subjects, the before EST difference in BrSO2 was not reduced (gray symbols). D, Recanalization by EST and change in %BrSO2 difference. Extent of recanalization shown by the Thrombolysis in Cerebral Infarction (TICI) score.
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Prehospital Stroke Scale.3 Simpler clinical scores have a sensitivity/specificity trade-off, depending on the cut.5 G-FAST of
3+, as used here, has high specificity (89%) but low sensitivity
(39%) for LAO.5 Adding NIHSS hemispheric elements might
improve the specificity for LAO detection, but the training
required makes this impractical in the prehospital environment.
Given the need for accurate prehospital triage of LAO and
non-LAO patients, an optimum screen should be both sensitive and specific. Here, cerebral oximetry alone demonstrated
a balance between sensitivity (84%) and specificity (70%),
and addition of G-FAST=3+ improved specificity to 92%
without altering sensitivity.
Other noninvasive technologies are also of interest, including
inductive phase shift spectroscopy8 and electroencephalography.
The relative performance, ease-of-use, and costs of noninvasive
technologies will be important considerations for any attempt to
deploy noninvasive LAO detection at scale. The approach tested
here is clinically well established, with regulatory approval for
many years. The monitor takes only 1 to 2 minutes to obtain
measurements and is quite straightforward to deploy (in our
experience, <10 minutes of in-service training was required for
physicians, nursing staff, or technicians to learn to use the device).
Our study has limitations. This was a pilot study and was
unblinded to patient diagnosis. Subjects were hospitalized
and were not necessarily reflective of the prehospital triage
population. Near-infrared spectroscopy has potential technical limitations, with heterogeneous field subject to potential
variation in arterial flow. The device has to be applied to an
area of skin without hair, which restricts use to the anterior
circulation. The limited number of ICH subjects means that
we cannot estimate any relative difference in ∆BrSO2 between
deep and lobar hematoma or based on hematoma volume.
In conclusion, noninvasive cerebral oximetry may help
detecting anterior circulation LAO in acute ischemic stroke,
particularly when combined with a simple clinical scoring system. Next steps to further evaluate this approach will
require assessment using unselected suspected stroke subjects
in the emergency department and prehospital environments.
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