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Design and Validation of a Prehospital Stroke Scale to
Predict Large Arterial Occlusion
The Rapid Arterial Occlusion Evaluation Scale

Natalia Pérez de la Ossa, MD, PhD; David Carrera, MD; Montse Gorchs, BD;
Marisol Querol, BD; Monica Millan, MD, PhD; Meritxell Gomis, MD, PhD;
Laura Dorado, MD, PhD; Elena Lépez-Cancio, MD, PhD; Maria Hernandez-Pérez, MD;
Vicente Chicharro, MD; Xavier Escalada, MD; Xavier Jiménez, MD, PhD; Antoni Davalos, MD, PhD

Background and Purpose—We aimed to develop and validate a simple prehospital stroke scale to predict the presence of
large vessel occlusion (LVO) in patients with acute stroke.

Methods—The Rapid Arterial oCclusion Evaluation (RACE) scale was designed based on the National Institutes of Health
Stroke Scale (NIHSS) items with a higher predictive value of LVO on a retrospective cohort of 654 patients with acute
ischemic stroke: facial palsy (scored 0-2), arm motor function (0-2), leg motor function (0-2), gaze (0-1), and aphasia
or agnosia (0-2). Thereafter, the RACE scale was validated prospectively in the field by trained medical emergency
technicians in 357 consecutive patients transferred by Emergency Medical Services to our Comprehensive Stroke
Center. Neurologists evaluated stroke severity at admission and LVO was diagnosed by transcranial duplex, computed
tomography, or MR angiography. Receiver operating curve, sensitivity, specificity, and global accuracy of the RACE
scale were analyzed to evaluate its predictive value for LVO.

Results—In the prospective cohort, the RACE scale showed a strong correlation with NIHSS (7=0.76; P<0.001). LVO was
detected in 76 of 357 patients (21%). Receiver operating curves showed a similar capacity to predict LVO of the RACE
scale compared with the NIHSS (area under the curve 0.82 and 0.85, respectively). A RACE scale =5 had sensitivity 0.85,
specificity 0.68, positive predictive value 0.42, and negative predictive value 0.94 for detecting LVO.

Conclusions—The RACE scale is a simple tool that can accurately assess stroke severity and identify patients with acute
stroke with large artery occlusion at prehospital setting by medical emergency technicians. (Stroke. 2014;45:87-91.)

Key Words: cerebrovascular occlusion m prehospital emergency care m scales m stroke, acute

armacological treatment of acute ischemic stroke is limited

to the administration of intravenous tissue-type plasmino-
gen activator within the first 4.5 hours from symptoms onset.
Intravenous thrombolysis can be administered in Primary Stroke
Centers or Community Hospitals.! Beyond intravenous treat-
ment, endovascular approach is an evolving therapeutic option in
patients with large vessel occlusion (LVO) because it may offer
longer time window and higher rate of complete revasculariza-
tion.> Although some recent studies have failed to demonstrate
clinical benefit of endovascular treatment, data suggest that efforts
to shorten the delay from symptoms onset to endovascular treat-
ment in Comprehensive Stroke Centres (CSCs) are necessary to
demonstrate the effectiveness of this therapy.>> Consequently, a
simple and accurate scale for paramedics may be a useful tool to
identify patients with LVO and allow their rapid transfer to a CSC.

Several prehospital stroke scales have been designed and
validated to identify patients experiencing an acute stroke.*'
Moreover, few scales have been developed to assess stroke sever-
ity at the prehospital setting.!'> However, these scales do not offer
information about the presence of LVO. The National Institutes
of Health Stroke Scale (NIHSS) may be useful to identify patients
with LVO but the best cutoff point is still controversial and this
scale is probably too time consuming and too complex to be used
by paramedics.'*"* Recently, 2 simple scales have been reported
to identify patients with LVO but their validation by prehospital
personnel has not been performed as far as we know.'¢!7

The objective of this study was to evaluate the predictive value
of the Rapid Arterial oCclusion Evaluation (RACE) scale on the
detection of patients with acute stroke and LVO when used by
medical emergency technicians during the prehospital phase.
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Methods

RACE Scale Design and Retrospective Validation
The items of the NIHSS with the highest predictive value of LVO were
identified on a retrospective cohort of 654 patients with a cerebral in-
farction of the anterior circulation admitted at the acute stroke unit of
our CSC from January 2006 to March 2010. LVO was diagnosed by
transcranial duplex accordingly with thrombolysis in brain ischemia
criteria'® and considered when a thrombolysis in brain ischemia 0 to
2 pattern was observed at the middle cerebral artery at 45 to 55 mm
depth. LVO was observed in 178 of 654 patients (27%). First, those
items of the NIHSS with the highest association with LVO were iden-
tified in a 7* test. Then, the predictive value of different combinations
of these items was determined by receiver operating curve analysis.

Some items were excluded to avoid difficulties and inconsistencies
in the assessment by paramedic personnel although they had a high
correlation with LVO (visual field and sensory, for instance). A high
global accuracy was obtained with the combination of 5 items that
finally built the RACE scale: facial palsy, arm motor function, leg
motor function, gaze, and aphasia or agnosia, graded as detailed in
Table 1. Each item was scored using a simpler grading system than
the NIHSS, as detailed in Table 1 and Table I in the online-only Data
Supplement.

Validation of RACE on a Prospective

Prehospital Cohort

To the prospective validation, the RACE scale was included on the
usual Stroke Code (SC) protocol. SC system has been working in our
area for the past 8 years and it is activated by Emergency Medical
Services (EMS) or community hospitals in front of any patient with
clinical suspicion of an acute stroke within 6 hours from symptoms
onset. More than 60% of patients with acute stroke arrive at our hos-
pital transferred by basic or advance vital care ambulances.!**

Between February 2011 and March 2013, patients with acute stroke
or stroke mimics in whom SC was activated from a community hos-
pital or directly by EMS who were transferred by basic vital care am-
bulances to our CSC were considered for the prospective validation.
The RACE was completed in the field by emergency medical techni-
cians, written on a sheet form before hospital arrival and given to the
neurologist at the hospital. Medical emergency technicians operating
into our geographical area received a training program at the begin-
ning of the study. The program consisted of 1-hour training session
on the use of the RACE scale plus 4 shorter sessions during the first
year to solve doubts and to ensure good compliance of the protocol.
Moreover, when possible, the scale was discussed with the neurologist
at the CSC for each individual case after its completion by medical
emergency technicians.

Baseline characteristics, stroke subtype, and revascularization
treatment were recorded prospectively. The presence of LVO was
documented on admission using transcranial duplex (thrombolysis
in brain ischemia grades, 0-2) as a screening tool in most of the
patients and using computed tomography angiography or MR an-
giography in patients with suspicion of LVO. Angiography was
performed when endovascular treatment was finally indicated. LVO
was defined as occlusion of the terminal intracranial carotid artery,
proximal middle cerebral artery (M1 segment), tandem (extracranial
carotid artery plus middle cerebral artery) and basilar artery. The
study protocol was approved by the institutional Ethics Committee
of the Hospital Universitari Germans Trias i Pujol.

Statistical Analysis

For statistical analysis, SPSS version 15.0 software was used. Receiver
operating curves and areas under receiver operating curve (c-statistics)
were calculated as a measure of predictive ability for LVO of the RACE
and NIHSS scales. Ideal prediction produces a c-statistic of 1.00; pre-
cision no better than chance is associated with c-statistic of <0.50.
Correlation between both scales was analyzed with the nonparamet-
ric Spearman coefficient. Cross tables for different cutoff values of
the RACE scale were used to evaluate sensitivity, specificity, positive

Table 1. RACE Scale

NIHSS Score
ltem RACE Score Equivalence
Facial palsy

Absent 0 0

Mild 1 1

Moderate to severe 2 2-3
Arm motor function

Normal to mild 0 0-1

Moderate 1 2

Severe 2 3-4
Leg motor function

Normal to mild 0 0-1

Moderate 1 2

Severe 2 34
Head and gaze deviation

Absent 0 0

Present 1 1-2
Aphasia* (if right hemiparesis)

Performs both tasks correctly 0 0

Performs 1 task correctly 1 1

Performs neither tasks 2 2
Agnosiat (if left hemiparesis)

Patient recognizes his/her arm 0 0

and the impairment

Does not recognized his/her arm 1 1

or the impairment

Does not recognize his/her arm 2 2

nor the impairment
Score total 0-9

NIHSS, National Institutes of Health Stroke Scale; and RACE, Rapid Arterial
oCclusion Evaluation.

*Aphasia: Ask the patient to (1) “close your eyes”; (2) “make a fist” and
evaluate if the patient obeys.

tAgnosia: Ask the patient: (1) while showing him/her the paretic arm: “Whose
arm is this” and evaluate if the patient recognizes his own arm. (2) “Can you
lift both arms and clap” and evaluate if the patient recognizes his functional
impairment.

predictive value, negative predictive values, and overall accuracy for
the presence of VO.

Results
In the retrospective cohort of 654 patients the RACE scale was
calculated based on NIHSS at admission (Table 1) and showed
a similar predictive value compared with the NIHSS for detect-
ing LVO (area under the curve, 0.81 versus 0.80). Correlation
between RACE and NIHSS scores was 0.93 (P<0.001).

In the second phase the RACE scale was assessed pro-
spectively by medical emergency technicians in the field
in patients transferred to our CSC via SC activation in a
24-month period. Of the 1184 patients admitted to our center
via SC in this period, we excluded 231 patients who arrived by
private transport directly at the emergency department and 68
patients who had an in-hospital stroke. These cases were not
attended and transferred by ambulance so the RACE scale was
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not evaluated. Thus, 885 patients with extrahospital SC acti-
vation were studied. The RACE scale was completed in 357
of 885 patients (40%): 291 of 536 (54%) transferred directly
from home or public location by EMS, 34 of 278 (12%) trans-
ferred from community hospitals, and 32 of 71 (45%) trans-
ferred from primary care centers. Patients with RACE scale
assessment were similar to those in whom the scale was not
evaluated (n=528/885) although clinical severity was higher
(Table IT in the online-only Data Supplement).

Finally, a total of 357 patients with a prehospital RACE
scale evaluation were included for the analysis (54% men;
mean+SD age, 73+13 years; median [quartiles] NIHSS score,
8 [3-16]). Time from symptoms onset was unknown or during
sleep in 104 of 357 (29%) patients. In the rest of the cases,
mean time from symptoms onset to EMS attention was 40
(24-104) minutes and to neurological attention at the CSC
was 95 (63-180) minutes. The stroke subtype was ischemic
stroke in 240 of 357 (67.2%), hemorrhagic stroke in 52 of 357
(14.6%), transient ischemic attack in 20 of 357 (5.6%), and
stroke mimic in 45 of 357 (12.6%).

A strong correlation was observed between the RACE scale
assessed by medical emergency technicians before hospital
arrival and the NIHSS assessed by neurologist at admission
(r=0.76; P<0.001).

LVO was detected in 76 of 357 (21.3%) patients. Diagnostic
methodology and site of occlusion are detailed in Table 2.

Receiver operating curves demonstrated that the RACE
scale was highly effective in identifying patients with LVO
(c-statistic, 0.82; 95% CI, 0.77-0.87). Cutoff values of the
RACE scale for predicting LVO were evaluated (Figure 1;
Table 3). The best predictive value of RACE was established
as >5; this cutoff value showed sensitivity 0.85, specificity
0.68, positive predictive value 0.42, and negative predictive
value 0.94 for detecting LVO. In the subgroup of patients with
a final diagnosis of ischemic stroke of the anterior circulation
(n=214), the global accuracy of the RACE scale for LVO was
slightly higher (c-statistic, 0.84; 95% CI, 0.79-0.89).

The higher the RACE score, the higher the proportion of
patients with ischemic stroke because of LVO and the lower
the proportion of patients with ischemic stroke without
LVO or stroke mimics. Proportion of hemorrhagic stroke in
patients with high scores on the scale was also high (Figure 2).

Table 2. Diagnostic Method for LVO and Site of Occlusion

Transcranial ~ Angio-TC or Site of
Color Doppler ~ Angio-RM  Arteriography ~ Occlusion,
(n=197) (n=53) (n=28) Total (n=278)

No occlusion 159 36 7 202
MCA M1 29 9 1 49
TICA 5 3 6 14
Tandem 4 4 4 12
Basilar 0 1 0 1

A total of 77 of 357 patients were not evaluated for LVO because they
experienced a hemorrhagic stroke (n=50) or a stroke mimic with no diagnostic
doubt (n=27). These patients were considered as having no occlusion for
the analysis. LVO indicates large vessel occlusion; MCA, middle cerebral artery;
RACE, Rapid Arterial oCclusion Evaluation; and TICA, terminal intracranial
carotid artery.

Prehospital RACE Scale and Large Arterial Occlusion 89
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Figure 1. Sensitivity (squares) and specificity (circles) of different
cutoff values of the Rapid Arterial oCclusion Evaluation (RACE)
scale for the detection of large vessel occlusion.

Importantly, 29 of 154 (19%) patients with a RACE =5
received endovascular treatment compared with 4 of 203 (2%)
of those with RACE scale <5 (P<0.001).

RACE scale was comparable with NIHSS to predict LVO
(c-statistic, 0.85; 95% CI, 0.81-0.89). Best overall accuracy
for the NIHSS scale was achieved for a score of >11, with a
sensitivity 0.88, specificity 0.72, and overall accuracy 0.76.

Discussion

This study demonstrates that the RACE scale is a simple tool
highly predictive of the presence of a large arterial occlusion in
patients with a suspicion of an acute stroke. Moreover, we have
shown that its use at the prehospital setting is feasible as the
accuracy of the RACE scale evaluated by medical emergency
technicians is comparable with the NIHSS assessed by neu-
rologist at hospital admission. The RACE scale shows a high
sensitivity (85%) and specificity (65%) to identify LVO when
considering a cutoff point of 5, or even higher sensitivity (89%)
with lower specificity (55%) with a lower cutoff point of 4.

This scale is the first validated tool to detect patients with
acute stroke and LVO at prehospital setting. Only 2 scales have

Table 3. Sensitivity, Specificity, PPV, NPV, and Overall
Accuracy of Different Cutoff Values of the RACE Scale for the
Detection of Large Artery Occlusion

RACE Score  No.  Sensitivity ~ Specificity PPV~ NPV Accuracy
>1 320 1.00 0.13 0.24 1.00 0.31
>2 278 0.97 0.27 027 097 0.42
>3 239 0.93 0.40 0.30 0.96 0.51
>4 194 0.89 0.55 035 0.95 0.62
>5 154 0.85 0.68 042 094 0.72
>6 120 0.72 0.77 046 091 0.76
>7 71 0.53 0.89 056 0.87 0.81
>8 37 0.32 0.95 0.65 0.84 0.82

9 9 0.07 0.99 056 0.79 0.79

NPV indicates negative predictive value; PPV, positive predictive value; and
RACE, Rapid Arterial oCclusion Evaluation.
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been designed to identify patients with LVO but they have not
been validated in the field. The 3-Item Stroke Scale assesses
level of consciousness, gaze, and motor function.'® However,
these items were not selected based on a comprehensive
analysis of the predictive value of the NIHSS items. The Los
Angeles Motor Scale is based on the motor items of a previ-
ous stroke identification instrument, which includes the facial
droop, arm drift, and grip strength.'” However, cortical signs
that are usually impaired in stroke with LVO are not evaluated.
Finally, the NIHSS is the only scale that has demonstrated to
be predictive of LVO, but prehospital assessment by medical
emergency technicians may be difficult, time-consuming, and
has not been validated as far as we know.'*"* Although shorter
and simplified NIHSS have been designed and validated,***
no studies have analyzed its capacity to identify patients with
acute stroke and LVO.

The RACE scale may be a valuable tool for prehospital care
systems to detect and transfer acute stroke patients with a high
likelihood of experiencing a large arterial occlusion to a CSC.
SC systems have been developed worldwide to ensure spe-
cialized medical attention and early intravenous thrombolytic
therapy for patients with acute stroke. However, a new era
for stroke treatment is evolving because endovascular revas-
cularization therapies are spreading worldwide.? Indeed, in
patients with contraindications or who do not respond to intra-
venous treatment, an endovascular approach can be offered
to achieve more effective arterial recanalization. However,
clinical benefit of endovascular therapies is still being inves-
tigated. Delay to CSC arrival and low rate of early arterial
recanalization of patients treated with endovascular therapy
may be one of the principal causes of the failure of latest clini-
cal studies.’” Indeed, some studies have demonstrated that the
earlier the arterial recanalization, the higher the clinical ben-
efit of revascularization therapies.”*?* Therefore, early triage
of patients for endovascular treatment may have an important
clinical impact. Our results demonstrate that the use of the
RACE scale at a prehospital scenario is feasible by trained
medical emergency technicians and might be a useful and
simple tool to identify patients with LVO. Considering a cut-
off value of RACE =5, medical emergency technician would

identify 85% of patients with LVO. In our series, 35% of these
patients received systemic thrombolysis and 19% were finally
treated with endovascular therapy. Direct transfer to a CSC
may imply a significant number of patients bypassing Primary
Stroke Centers potentially delaying intravenous tissue-type
plasminogen activator and not being eligible for endovascular
therapy. Thus, we suggest to investigate this new scale initially
as a triage tool in areas where Primary Stroke Centers are not
far from a CSC. We need stronger evidence about the efficacy
of endovascular treatment to extend the use of the scale into
a broader region. On the other hand, our results show a mod-
erate specificity and positive predictive value of the RACE
scale, mostly because of the inclusion of patients with hemor-
rhagic stroke with severe symptoms and high scores on the
RACE and also the NIHSS scale. In our opinion this fact does
not hamper the usefulness of the scale because these patients
benefit from admission into a CSC where they may receive
neurosurgical evacuation, external ventricular derivation, or
hemicraniectomy. Future investigation of serum biomarkers
aimed to differentiate ischemic and hemorrhagic stroke may
complement this clinical tool at the prehospital setting.

This study has some limitations. First, the RACE scale was
not evaluated in 60% of patients transferred by EMS. Patients
not included had less severe strokes and less frequency of LVO
than patients included in the analysis (Table II in the online-
only Data Supplement). Most of them were transferred from
community hospitals (as a secondary transfer made by EMS in
where the scale was not evaluated). Thus, we cannot rule out
a selection bias, and a larger validation study may be neces-
sary to generalize our results. Second, LVO was diagnosed
using transcranial duplex in half of the patients, which may be
less accurate than computed tomography angiography or MR
angiography. However, previous studies have demonstrated
a high sensitivity (0.82) and specificity (0.94) of transcranial
Doppler in diagnosing LVO.» Third, the RACE scale was
designed based on data from patients with anterior circulation
acute ischemic stroke, but the prospective validation study
also included few patients with posterior circulation ischemic
stroke (7%) and brain hemorrhage (14.6%). Although accu-
racy for detecting LVO was higher for the subset of patients
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with anterior circulation ischemic stroke, results were also
good when analyzing the whole sample. Finally, during the
study period, ambulance dispatchers were trained regularly on
the RACE evaluation so we cannot conclude on maintained
accuracy of the scale over time in nontrained dispatchers.

As a strength of this study, one of the known limitations of
the NIHSS is improved by the RACE scale: left hemispheric
strokes tend to score more than those on the right because 7
of the items of the NIHSS are directly related to language,
whereas only 2 are directly related to agnosia.” In the RACE
scale both items score a maximum of 2 points. However, right
hemisphere symptoms may be more difficult to assess by
medical emergency technicians because predictive value was
lower than for left hemisphere strokes.

In conclusion, the RACE scale is a novel and simple tool for
a prehospital use by medical emergency technicians that can
accurately assess stroke severity and detect patients with acute
stroke with large intracranial vessel occlusion. This tool may
be useful to early detection of patients with acute stroke who
should be transferred to a CSC for endovascular treatment.

Disclosures
None.

References

1. Lees KR, Bluhmki E, von Kummer R, Brott TG, Toni D, Grotta JC, et al;
ECASS, ATLANTIS, NINDS and EPITHET rt-PA Study Group. Time to
treatment with intravenous alteplase and outcome in stroke: an updated
pooled analysis of ECASS, ATLANTIS, NINDS, and EPITHET trials.
Lancet. 2010;375:1695-1703.

2. Saver JL. Endovascular recanalization in acute ischemic stroke.
Neurology. 2012;79(suppl 1):S3-S4.

3. Broderich JP, Palesch Y, Demchuk AM, Yeatts SD, Katrhi P, Hill M, et
al, for the Interventional Management of Stroke (IMS) IIT Investigators.
Endovascular therapy after intravenous t-PA versus t-PA alone for stroke.
N Engl J Med 2013;368:893-903.

4. Ciccone A, Valvassori L, Nichelatti M, Sgoifo A, Ponzio M, Sterzi R,
et al; SYNTHESIS Expansion Investigators. Endovascular treatment for
acute ischemic stroke. N Engl J Med. 2013;368:904-913.

5. Kidwell CS, Jahan R, Gornbein J, Alger JR, Nenov V, Ajani Z, et al; MR
RESCUE Investigators. A trial of imaging selection and endovascular
treatment for ischemic stroke. N Engl J Med. 2013;368:914-923.

6. Kothari RU, Pancioli A, Liu T, Brott T, Broderick J. Cincinnati
Prehospital Stroke Scale: reproducibility and validity. Ann Emerg Med.
1999;33:373-378.

7. Kidwell CS, Starkman S, Eckstein M, Weems K, Saver JL. Identifying
stroke in the field. Prospective validation of the Los Angeles prehospital
stroke screen (LAPSS). Stroke. 2000;31:71-76.

8. Nor AM, McAllister C, Louw SJ, Dyker AG, Davis M, Jenkinson D, et
al. Agreement between ambulance paramedic- and physician-recorded
neurological signs with Face Arm Speech Test (FAST) in acute stroke
patients. Stroke. 2004;35:1355-1359.

9. Bray JE, Martin J, Cooper G, Barger B, Bernard S, Bladin C. Paramedic
identification of stroke: community validation of the melbourne ambu-
lance stroke screen. Cerebrovasc Dis. 2005;20:28-33.

Prehospital RACE Scale and Large Arterial Occlusion 91

10. Nor AM, Davis J, Sen B, Shipsey D, Louw SJ, Dyker AG, et al. The
Recognition of Stroke in the Emergency Room (ROSIER) scale: devel-
opment and validation of a stroke recognition instrument. Lancet Neurol.
2005;4:727-734.

11. Whelley-Wilson CM, Newman GC. A stroke scale for emergency triage.
J Stroke Cerebrovasc Dis. 2004;13:247-253.

12. Iguchi Y, Kimura K, Watanabe M, Shibazaki K, Aoki J. Utility of the
Kurashiki Prehospital Stroke Scale for hyperacute stroke. Cerebrovasc
Dis. 2011;31:51-56.

13. Fischer U, Arnold M, Nedeltchev K, Brekenfeld C, Ballinari P, Remonda
L, et al. NIHSS score and arteriographic findings in acute ischemic
stroke. Stroke. 2005;36:2121-2125.

14. Maas MB, Furie KL, Lev MH, Ay H, Singhal AB, Greer DM, et
al. National Institutes of Health Stroke Scale score is poorly pre-
dictive of proximal occlusion in acute cerebral ischemia. Stroke.
2009;40:2988-2993.

15. Heldner MR, Zubler C, Mattle HP, Schroth G, Weck A, Mono ML, et al.
National Institutes of Health stroke scale score and vessel occlusion in
2152 patients with acute ischemic stroke. Stroke. 2013;44:1153-1157.

16. Singer OC, Dvorak F, du Mesnil de Rochemont R, Lanfermann H, Sitzer
M, Neumann-Haefelin T. A simple 3-item stroke scale: comparison with
the National Institutes of Health Stroke Scale and prediction of middle
cerebral artery occlusion. Stroke. 2005;36:773-776.

17. Nazliel B, Starkman S, Liebeskind DS, Ovbiagele B, Kim D, Sanossian
N, et al. A brief prehospital stroke severity scale identifies ischemic
stroke patients harboring persisting large arterial occlusions. Stroke.
2008;39:2264-2267.

18. El-Mitwalli A, Saad M, Christou I, Malkoff M, Alexandrov AV. Clinical
and sonographic patterns of tandem internal carotid artery/middle cere-
bral artery occlusion in tissue plasminogen activator-treated patients.
Stroke. 2002;33:99-102.

19. Pérez de la Ossa NP, Sanchez-Ojanguren J, Palomeras E, Milldn M,
Arenillas JF, Dorado L, et al. Influence of the stroke code activation
source on the outcome of acute ischemic stroke patients. Neurology.
2008;70:1238-43.

20. Pérez de la Ossa N, Millin M, Arenillas JF, Sanchez-Ojanguren
J, Palomeras E, Dorado L, et al. Influence of direct admission to
Comprehensive Stroke Centers on the outcome of acute stroke patients
treated with intravenous thrombolysis. J Neurol. 2009;256:1270-1276.

21. Gonzalez MA, Hanna N, Rodrigo ME, Satler LF, Waksman R. Reliability
of prehospital real-time cellular video phone in assessing the simplified
National Institutes Of Health Stroke Scale in patients with acute stroke:
a novel telemedicine technology. Stroke. 2011;42:1522-1527.

22. Tirschwell DL, Longstreth WT Jr, Becker KJ, Gammans RE Sr,
Sabounjian LA, Hamilton S, et al. Shortening the NIH Stroke scale for
use in the prehospital setting. Stroke. 2002;33:2801-2806.

23. Khatri P, Abruzzo T, Yeatts SD, Nichols C, Broderick JP, Tomsick
TA; IMS I and II Investigators. Good clinical outcome after ischemic
stroke with successful revascularization is time-dependent. Neurology.
2009;73:1066-1072.

24. Goyal M, Menon BK, Coutts SB, Hill MD, Demchuk AM; Penumbra
Pivotal Stroke Trial Investigators, Calgary Stroke Program, and the
Seaman MR Research Center. Effect of baseline CT scan appearance
and time to recanalization on clinical outcomes in endovascular throm-
bectomy of acute ischemic strokes. Stroke. 2011;42:93-97.

25. Brunser AM, Lavados PM, Hoppe A, Lopez J, Valenzuela M, Rivas
R. Accuracy of transcranial Doppler compared with CT angiography
in diagnosing arterial obstructions in acute ischemic strokes. Stroke.
2009:40:2037-2041.

26. Woo D, Broderick JP, Kothari RU, Lu M, Brott T, Lyden PD, et al.
Does the National Institutes of Health Stroke Scale favor left hemi-
sphere strokes? NINDS t-PA Stroke Study Group. Stroke. 1999;
30:2355-2359.

Downloaded from http://stroke.ahajournals.org/ at KY ORIN DAIGAKU IGAKUBU LIBRARY on December 6, 2015


http://stroke.ahajournals.org/

SUPPLEMENTAL MATERIAL



Table I. RACE scale: items and NIHSS score equivalence

Item Instruction RACE score NIHSS score
equivalence
Facial palsy Ask the patient to show teeth Absent (symmetrical movement) 0 0
Mild (slightly asymmetrical) 1 1
Moderate to severe (completely 2 2-3
asymmetrical)
Arm motor function Extending the arm of the patient Normal to mild (limb upheld more than 0 0-1
90 degrees (lf sitting) or 45 10 Seconds)
degrees (if supine) Moderate (limb upheld less than 10 1 2
seconds)
Severe (patient do not rise the arm 2 34
against gravity)
Leg motor function Extending the leg of the patient Normal to mild (limb upheld more than 0 0-1
30 degrees (in supine) 5 seconds)
Moderate (limb upheld less than 5 1 2
seconds)
Severe (patient do not rise the leg 2 34
against gravity)
Head and gaze deviation Observe eyes and cephalic Absent (eye movements to both sides 0 0
deviation to one side were possible and no cephalic deviation
was observed)
Present (eyes and cephalic deviation to 1 1-2
one side was observed)
Aphasia Ask the patient two verbal orders ~ Normal (performs both tasks correctly) 0 0
(if right hemiparesis) . ‘:floslf yOlfl‘I‘ eyes” Moderate (performs one task correctly) 1 1
- makeadist Severe (performs neither tasks) 2 2
Agnosia Asking: Normal (no asomatognosia nor 0 0
(if left hemiparesis) - “Who is this arm” while anosognosia)
showing him/her the paretic arm N oderate (asomatognosia or 1 1
(asomatognosia) ' anosognosia)
- “Can you move well this arm?” Severe (both of them) D) b

(anosognosia)

RACE Score total




Supplemental Table II.

Comparison of patients transferred by EMS in whom the RACE scale was complimented (included n the study, n=357) or not complimented (not

included, n=528).

Included Not included
p value
n=357 n=528

Age, years 73 +£13 69 £13 0.34
Gender (man) 54.1% 54.0% 0.98
NIHSS at 8 [3-16] 5[2-15] 0.006
admission

LVO (%) 21% 14% 0.004
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Design and Validation of a Prehospital Scale to Predict
Stroke Severity

Cincinnati Prehospital Stroke Severity Scale

Brian S. Katz, MD; Jason T. McMullan, MD; Heidi Sucharew, PhD;
Opeolu Adeoye, MD, MS; Joseph P. Broderick, MD

Background and Purpose—We derived and validated the Cincinnati Prehospital Stroke Severity Scale (CPSSS) to identify
patients with severe strokes and large vessel occlusion (LVO).

Methods—CPSSS was developed with regression tree analysis, objectivity, anticipated ease in administration by emergency
medical services personnel and the presence of cortical signs. We derived and validated the tool using the 2 National
Institute of Neurological Disorders and Stroke (NINDS) tissue-type plasminogen activator Stroke Study trials and
Interventional Management of Stroke IIT (IMS III) Trial cohorts, respectively, to predict severe stroke (National Institutes
of Health Stroke Scale [NIHSS] >15) and LVO. Standard test characteristics were determined and receiver operator
curves were generated and summarized by the area under the curve.

Results—CPSSS score ranges from 0 to 4; composed and scored by individual NIHSS items: 2 points for presence of
conjugate gaze (NIHSS >1); 1 point for presence of arm weakness (NIHSS >2); and 1 point for presence abnormal level
of consciousness commands and questions (NIHSS level of consciousness =1 each). In the derivation set, CPSSS had an
area under the curve of 0.89; score 22 was 89% sensitive and 73% specific in identifying NIHSS >15. Validation results
were similar with an area under the curve of 0.83; score =2 was 92% sensitive, 51% specific, a positive likelihood ratio
of 3.3, and a negative likelihood ratio of 0.15 in predicting severe stroke. For 222 of 303 IMS III subjects with LVO,
CPSSS had an area under the curve of 0.67; a score 22 was 83% sensitive, 40% specific, positive likelihood ratio of 1.4,

and negative likelihood ratio of 0.4 in predicting LVO.

Conclusions—CPSSS can identify stroke patients with NIHSS >15 and LVO. Prospective prehospital validation is
warranted. (Stroke. 2015;46:1508-1512. DOI: 10.1161/STROKEAHA.115.008804.)

Key Words: acute stroke m NIHSS m prehospital emergency care m severe stroke m vessel occlusion

urrently, Primary Stroke Centers and Comprehensive

Stroke Centers (CSC) form a 2-tier regionalized system
of care for the efficient emergent management of patients
with acute stroke.! Although both Primary Stroke Centers and
CSCs provide acute stroke care,'! CSCs are better equipped to
provide state-of-the-art care for patients with severe ischemic
and hemorrhagic stroke, including endovascular therapies,
advanced diagnostic imaging, continuous in-hospital neuro-
surgical availability, and neurocritical care. These capabili-
ties have led to improved cost-effectiveness and outcomes for
ischemic stroke, intracerebral hemorrhage, and subarachnoid
hemorrhage at CSCs compared with non-CSCs.>'? Large vol-
ume stroke centers provide faster treatment and improve the
use of thrombolysis for patients with acute ischemic stroke
(AIS)."® With the recent findings that timely endovascular
therapy may improve outcomes in AIS patients with confirmed

large vessel occlusions (LVO),'*!° and the greater likelihood
of LVO in AIS patients with more severe AIS,!”!8 there is now
greater clinical need to care for patients with severe stroke at
CSCs early in their clinical course.

Emergency medical services (EMS) providers are the
first medical contact for half of all stroke patients' and are
responsible for triaging patients to appropriate hospitals.
EMS bypass of nonstroke centers in favor of Primary Stroke
Centers has been advocated,'*?' but the concept of bypassing
a Primary Stroke Center for a CSC has been recommended for
consideration but not yet been widely adopted.” Bypass could
be justified because interfacility transfer of patients introduces
significant unnecessary delays in care and patient charges
compared with direct EMS transport to a specialty care cen-
ter.”*?7 Other prehospital stroke scales?®*° have been proposed
to identify patients experiencing an acute stroke or LVO,**-*
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but have not been widely adopted in clinical practice because
of the absence of positive LVO endovascular therapy trials.
We describe the retrospective derivation and validation of a
new brief neurological scale, the Cincinnati Prehospital Stroke
Severity Scale (CPSSS), in prediction of severe AIS and LVO.

Methods

Data Sets

To derive the CPSSS, we used the 2 National Institute of Neurological
Disorders and Stroke (NINDS) tissue-type plasminogen activator (tPA)
Stroke Study trials data set,*® which is composed of a diverse cohort
of patients having mild to severe strokes (National Institutes of Health
Stroke Scale [NIHSS] 1-37) randomized to treatment with tPA or pla-
cebo within 3 hours of onset. The IMS-III data set served as the vali-
dation cohort.** IMS-III was a prospective randomized trial comparing
outcomes of moderate to severe stroke patients (NIHSS, 8—40) treated
with tPA with or without endovascular intervention. In both trials, pre-
treatment NIHSS scores (component and composite) were collected by
NIHSS-certified study physicians at the time of enrollment. Subjects
in each data set with complete pretreatment NIHSS component scores
were included in the derivation or validation cohorts. Because the IMS-
III cohort had higher NIHSS scores per the eligibility criteria, we chose
to derive the CPSSS from the 2 NINDS tPA Stroke Study cohort to study
sensitivity and specificity among a broader severity of stroke patients.

Outcome Measures

The primary outcome was the CPSSS ability to identify a severe stroke
defined as NIHSS >15 because >95% of AIS patients with NIHSS >15
have a LVO by baseline imaging'”'* and is the lower limit of stroke
severity for the consideration of hemicraniectomy.”'* Secondary out-
comes included CPSSS ability to identify moderate stroke severity
(NIHSS 210) and proximal LVO [extracranial internal carotid artery,
intracranial internal carotid artery, M 1, tandem cervical internal carotid
artery plus M2, or basilar artery occlusions (excluding M3, M4, pos-
terior cerebral artery occlusion sites, and isolated M2)] by computed
tomographic angiography before intravenous tPA therapy.

Derivation and Validation Methods

CPSSS was designed with a similar approach to that used in the de-
velopment of the original Cincinnati Prehospital Stroke Scale.® A
classification and regression tree (CART) analysis was used to iden-
tify subsets of NIHSS items, as well as item score cut points, work-
ing together to predict severe stroke defined as NIHSS total score
>15. Next, important candidate items identified by the classification
tree were reviewed by the study clinicians (including board-certified
EMS, emergency medicine, and vascular neurology physicians), and
those items that are objective (eg, correctly answering questions or
following commands) were chosen by expert consensus over those
that are subjective (ie, degree of aphasia) to ensure ease of use by
EMS personnel. Selected items were given a point score of 1 or 2
based on importance in predicting severe stroke as determined by the
CART analysis. Receiver operating characteristic curves were gener-
ated to determine the accuracy of the CPSSS and to identify an op-
timal cut point to define an abnormal/positive screening assessment.

After derivation, the tool performance was assessed using the IMS
III Trial data (validation data set), where, in addition to predicting
AIS severity, the CPSSS was assessed for its accuracy in detecting
LVO. Sensitivity, specificity, and positive and negative likelihood ra-
tios were calculated for the optimal cut point.

Results
The 2 NINDS tPA Stroke Study trials data set contained 624
patients, of which there were 447 patients (71.6%) with pre-
treatment NIHSS >10 and 311 patients (49.8%) with pretreat-
ment NIHSS >15. The presence of pretreatment proximal

Cincinnati Prehospital Stroke Severity Scale 1509

LVO was not obtained. CART analysis was used to identify
potential NIHSS items for consideration by scale designers.
CART analysis identified 5 NIHSS items that were important
factors in predicting severe stroke (NIHSS >15). The most
important factor, first defining split, was abnormal gaze (best
gaze >0). For those with normal gaze (best gaze=0), motor
function (right arm, right leg, and left leg) and language were
found to be important factors. Of these, abnormal gaze and
arm motor function were chosen to be included in the CPSSS,
and the presence of abnormal gaze was weighted heavier on
the CPSSS based on its predictive value on the CART and
because of its suggestion of focal cortical dysfunction. Motor
function of arm falling to bed was selected for ease of EMS
providers to ascertain. Language was specifically not chosen
to be included, despite being an important predictive fac-
tor, because of subjectivity of interpretation. Language was
replaced with level of consciousness questions and commands
because of the objective interpretation for EMS providers,
yielding the CPSSS (Figure 1). A score is given for the pres-
ence of each clinical feature. The total CPSSS score is calcu-
lated as the sum of the individual scores and ranges from 0O to
4, with higher score reflecting higher stroke severity.

In the derivation set, the CPSSS score had an area under the
receiver operating characteristic of 0.89 for detecting severe
stroke (Figure 2). A CPSSS score =2 was 89% sensitive, 73%
specific, positive likelihood ratio of 3.30, and negative like-
lihood ratio of 0.15 in identifying severe stroke (NIHSS of
>15). For identification of stroke patients with a moderate
stroke, a CPSSS score of >2 had a sensitivity of 75%, a speci-
ficity of 85%, positive likelihood ratio of 5.00, and negative
likelihood ratio of 0.29 (Table 1).

The performance of CPSSS was validated using the IMS III
data set, which was composed of 650 patients, of which 390
patients (60%) presented with an NIHSS >15 and 641 patients
(99%) presented with an NIHSS >10. In the IMS III data set,
the CPSSS had similar area under the receiver operating char-
acteristic and test characteristics to the derivation set (Table 1;
Figure 3).

For identifying LVO, 303 IMS III subjects had data avail-
able and were included in the analysis, of which, 222 had
LVO. For LVO, CPSSS had an AUC of 0.67 and a score >2
was 83% sensitive, 40% specific, a positive likelihood ratio of
1.4, and negative likelihood ratio of 0.4 (Table 1).

Cincinnati Prehospital Stroke Severity Scale

2 points: Conjugate gaze deviation ( = 1 on NIHSS item for Gaze)

1 point: Incorrectly answers at least one of two level of consciousness
questions on NIHSS (age or current month) and does not follow at least one
of two commands (close eyes, open and close hand) ( = 1 onthe NIHSS item
for Level of Consciousness 1b and 1¢)

1 point: Cannot hold arm (either right, left or both) up for 10 seconds

before arm(s) falls to bed ( = 2 on the NIHSS item for Motor Arm)

Figure 1. The Cincinnati Prehospital Stroke Severity Scale’s indi-
vidual items and scoring. NIHSS indicates National Institutes of
Health Stroke Scale.
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Figure 2. The receiver operating characteristic curve for Cincin-
nati Prehospital Stroke Severity Scale in detecting stroke severity
in the derivation data set. AUC indicates area under the curve.

A comparison of the CPSSS to other prehospital stroke
scales is shown in Table 2.

Discussion

We found that the CPSSS has high sensitivity and acceptable
specificity in detecting the presence of severe stroke, moder-
ate stroke, and LVO among populations of patients with AIS.
Specifically, the CPSSS can identify stroke patients who could
be most likely to benefit from rapid triage to a CSC, including
those who harbor proximal LVO that are appropriate targets
for intravenous tPA and endovascular therapy. These patients
may also be eventual candidates for hemicraniectomy and
benefit from a dedicated Neurological Intensive Care Unit
(ICU). Given the time-sensitivity of the above therapies, accu-
rate initial triage of patients to hospitals, where these therapies
are available, is a key to prevent delays in care and increased
costs associated with transfers.

Three screening tools to identify severe ischemic strokes
have been previously proposed, but none has been widely
adopted into EMS practice (Table 2). The Los Angeles Motor
Scale (LAMS)* is limited by the fact that a sizable proportion
of the population studied to derive LAMS occurred retrospec-
tively and included patients enrolled in clinical trials >11 years
at a single institution. The Rapid Arterial Occlusion Evaluation
(RACE) scale was developed to predict LVO.* However, RACE
scale was not evaluated in 60% of patients transferred by EMS,

Table 1. Accuracy of Cincinnati Prehospital Stroke Severity
Scale (CPSSS) >2 in Detecting Moderate/Severe Stroke and
LVO

Outcome Data Set Sensitivity  Specificity PLR NLR
Stroke severity
Severe Derivation 89% 73% 3.30 0.15
(NIHSS>15)  yajiqation 92% 51% 189 0.16
Moderate Derivation 75% 85% 5.00 0.29
(NIHSS=10)  yajidation 79% 89% 718 024
LVo Validation 83% 40% 1.38 0.42

LVO defined as occlusion sites of internal carotid artery, M1, tandem cervical
internal carotid artery plus M2, or basilar arteries. LVO indicates large vessel
occlusion; NIHSS, National Institutes of Health Stroke Scale; NLR, negative
likelihood ratio; and PLR, positive likelihood ratio.

and patients not included had less severe strokes and less fre-
quency of LVO than patients included in the analysis. The com-
plexity of RACE (6 domains requiring subjective interpretation
in several of the domains) further poses a significant challenge
for accurate EMS implementation. It should be noted that we
constructed the CPSSS before awareness of the recent RACE
publication, but there are similarities between the 2 scales. The
major differences are that the CPSSS is shorter, uses dichoto-
mous answers, and rates conjugate gaze deviation more heavily.
Finally, the 3-Item Stroke Scale (3ISS)* is most similar to our
prehospital scale given modalities that were tested. The 3ISS
was limited by sample size and requires subjective grades, such
as none, moderate, or severe disturbance of consciousness.
Using a prehospital scale, such as the CPSSS, as a triage
tool in the field would affect the initial transport of patients in
many communities in the United States and potentially other
countries depending on the prehospital system. However,
because almost 80% of patients with ischemic stroke have a
baseline NIHSS <10°¢ and nearly 90% have a baseline NIHSS
<15, the actual number of patients with ischemic stroke tri-
aged to CSCs would have relatively limited impact on individ-
ual community hospitals that are not comprehensive centers.
The NIHSS distribution of hemorrhagic stroke within a popu-
lation is unknown; as such we are unable to reliably estimate
the proportion of patients with hemorrhagic stroke that may be
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Figure 3. The receiver operating characteristic curve for Cincinnati Prehospital Stroke Severity Scale in detecting stroke severity and large
vessel occlusion in the validation data set. AUC indicates area under the curve.
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Table 2. Comparison of CPSSS to Other Published
Prehospital Stroke Severity Scales

CPSSS LAMS RACE 13SS
Derivation data set (n) 624 119 654 171
Validated in Y N Y N
independent data set
(Y/N)
No. of items scored 3 3 6 3
Sensitivity/specificity ~ 89%/72% NA NA 86%/95%*

for severe stroke

Sensitivity/specificity  83%/40%  81%/89%t1 85%/67%% 67%/92%§
for LVO

Evaluated in N N Y N
prehospital setting
(Y/N)

CPSSS indicates Cincinnati Prehospital Stroke Severity Scale; CTA, computed
tomography angiography; 13SS, 3-ltem Stroke Scale; LAMS, Los Angeles Motor
Scale; LVO, large vessel occlusion; MRA, magnetic resonance angiography; N, no;
NA, not applicable; RACE, Rapid Arterial Occlusion Evaluation; and Y, yes.

*Severe stroke defined as National Institutes of Health Stroke Scale (NIHSS) >14.

TLVO defined as terminal intracranial carotid artery occlusion, M1 segment
middle cerebral artery occlusion, M2 segment middle cerebral artery occlusion,
and M3/M4 segment middle cerebral artery occlusion using catheter
angiography, MRA, CTA, and carotid ultrasound.

FLVO was defined as occlusion of the terminal intracranial carotid artery,
proximal middle cerebral artery (M1 segment), tandem (extracranial carotid
artery plus middle cerebral artery) and basilar artery with transcranial duplex
(50% of cases), CTA, and MRA.

§LVO defined as T/M1 occlusion all using MRA.

triaged to CSCs by EMS personnel using the CPSSS. In the
greater Cincinnati/Northern Kentucky region, severe strokes
have a mean estimated time difference between direct EMS
transport to the CSC and direct EMS transport to the nearby
community hospital of 6.7+/—(6.0) minutes.” In patients with
severe strokes, further investigation is needed to determine the
acceptable delay in tPA administration for direct EMS trans-
port to a CSC for faster endovascular treatment® and neuro-
logical ICU monitoring. The impact of preferential triage of
patients from the closest or requested community hospitals to
a CSC on stroke-onset-to-hospital-arrival times depends on
size of the region and location of hospitals.

An effective prehospital triage system for severe strokes
would substantially decrease emergent hospital-to-hospital
transfers and decrease the time from symptom onset to endo-
vascular therapy, if applicable. Costs of transfers may be
<$1000 by ambulance and $4000 to $25 000 by helicopter*2
and are borne by patients and their families because they are
not reimbursed by hospital diagnosis-related groups.”’

This study has some limitations. First, this was a retrospec-
tive analysis of 2 existing ischemic stroke trial cohorts; there-
fore, prospective evaluation by EMS providers is required.
Second, there is variability of the NIHSS during the first few
hours of AIS onset,'!® and it is possible that the stroke sever-
ity at the time of EMS examination will change by the time
a treatment decision for ischemic stroke is made by medical
providers. Next, isolated M2 lesions were not included in the
CPSSS’s LVO prediction analysis; however, only a minority
of isolated M2 occlusions (2%—-8% of patients) was included
in recent positive endovascular trials.'*'* The CPSSS has not

Cincinnati Prehospital Stroke Severity Scale 1511

been tested in populations of patients with hemorrhagic stroke
or in a general population of patients with potential stroke
who are evaluated by EMS personnel in the field. The CPSSS
is likely to be less sensitive to subarachnoid hemorrhage in
which patients’ presentations are often nonfocal, unless the
patient presents in coma. However, patients with sudden onset
of coma are probably more likely to be preferentially triaged
to tertiary centers.

In summary, the CPSSS was designed to be user-friendly and
applicable for EMS providers in the field. CPSSS >2 has prom-
ising characteristics in predicting severe strokes and LVO and
should be prospectively evaluated to demonstrate clinical use.
This study serves as the foundation for an ongoing study assess-
ing the feasibility of CPSSS by EMS providers in the prehospital
setting among patients with potential stroke. The eventual goal
is a prehospital scale that can be used as a reliable and practical
method of prehospital triage of stroke patients in which the large
majority of patients are transported to the location, where the
best therapy can be delivered as rapidly as possible.
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