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Risk Score Including Carotid Plaque Inflammation and
Stenosis Severity Improves Identification of Recurrent Stroke

Peter J. Kelly, MD; Pol Camps-Renom, MD; Nicola Giannotti, BSc; Joan Marti-Fabregas, MD;
Jonathan McNulty, PhD; Jean-Claude Baron, MD; Mary Barry, MD; Shelagh B. Coutts, MD;
Simon Cronin, PhD; Raquel Delgado-Mederos, MD; Eamon Dolan, MD;

Alejandro Fernandez-Ledn, MD; Shane Foley, PhD; Joseph Harbison, MD; Gillian Horgan, BSc;
Eoin Kavanagh, MD; Michael Marnane, PhD; John McCabe, MB; Ciaran McDonnell, MD;
Vijay Sharma, MD; David Williams, PhD; Martin O’Connell, MD; Sean Murphy, MD

Background and Purpose—In randomized trials of symptomatic carotid endarterectomy, only modest benefit occurred in
patients with moderate stenosis and important subgroups experienced no benefit. Carotid plaque '*F-fluorodeoxyglucose
uptake on positron emission tomography, reflecting inflammation, independently predicts recurrent stroke. We
investigated if a risk score combining stenosis and plaque "®F-fluorodeoxyglucose would improve the identification of
early recurrent stroke.

Methods—We derived the score in a prospective cohort study of recent (<30 days) nonsevereenkin <3) stroke/transient
ischemic attack. We derived the symptomatic carotid atheroma inflammation lumen-stenosis (SCAIL) score (range, 0-5)
including "*F-fluorodeoxyglucose standardized uptake values (SUV <2 g/mL, O points; SUV__ 2-2.99 g/mL, 1 point;
SUVmax 3-3.99 g/mL, 2 points; SUVmax >4 g/mL, 3 points) and stenosis (<50%, 0 points; 50%—69%, 1 point; >70%, 2
points). We validated the score in an independent pooled cohort of 2 studies. In the pooled cohorts, we investigated the
SCAIL score to discriminate recurrent stroke after the index stroke/transient ischemic attack, after positron emission
tomography-imaging, and in mild or moderate stenosis.

Results—In the derivation cohort (109 patients), recurrent stroke risk increased with increasing SCAIL score (P=0.002, C
statistic 0.71 [95% CI, 0.56-0.86]). The adjusted (age, sex, smoking, hypertension, diabetes mellitus, antiplatelets, and
statins) hazard ratio per 1-point SCAIL increase was 2.4 (95% CI, 1.2-4.5, P=0.01). Findings were confirmed in the
validation cohort (87 patients, adjusted hazard ratio, 2.9 [95% CI, 1.9-5], P<0.001; C statistic 0.77 [95% CI, 0.67-0.87]).
The SCAIL score independently predicted recurrent stroke after positron emission tomography-imaging (adjusted hazard
ratio, 4.52 [95% CI, 1.58-12.93], P=0.005). Compared with stenosis severity (C statistic, 0.63 [95% CI, 0.46-0.80]),
prediction of post-positron emission tomography stroke recurrence was improved with the SCAIL score (C statistic, 0.82
[95% CI, 0.66-0.97], P=0.04). Findings were confirmed in mild or moderate stenosis (adjusted hazard ratio, 2.74 [95%
CI, 1.39-5.39], P=0.004).

Conclusions—The SCAIL score improved the identification of early recurrent stroke. Randomized trials are needed to test
if a combined stenosis-inflammation strategy improves selection for carotid revascularization where benefit is currently
uncertain. (Stroke. 2020;51:00-00. DOI: 10.1161/STROKEAHA.119.027268.)
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Despite modern prevention therapy, the 5-year risk of re-
current stroke and coronary events in stroke survivors
is 25% to 30%, about 10% of which are fatal.! Improved
approaches to secondary prevention are urgently needed.
Atherosclerotic carotid stenosis occurs in 15% to 20% of
patients with transient ischemic attack (TIA) and stroke in
population studies and hospital registries. Carotid stenosis is
associated with a 3-fold increase in recurrent stroke risk and is
an important risk marker for subclinical coronary disease and
future cardiac events in stroke survivors.*?

In pooled analysis of randomized trials of carotid endarter-
ectomy (CEA) for symptomatic carotid stenosis, the greatest
benefit occurred in patients with severe stenosis (70%—99%
lumen narrowing). The absolute risk reduction for recurrent
stroke or death by 5 years was 16%.*> By contrast, patients
with moderate stenosis (50%—69% narrowing) had less overall
benefit from surgery (absolute risk reduction 4.6%), and no
benefit was observed in important subgroups with moderate
stenosis, including women, those who had surgery >2 weeks
after randomization, younger patients (<65 years), and those
with ocular events.*> Consequently, guidelines recommend
careful selection of patients with moderate stenosis for sur-
gery based on a favorable risk-benefit assessment.°

Improved methods to identify patients at the highest risk
of stroke may refine selection for CEA, allowing surgery to be
targeted towards patients most likely to benefit. Inflammation
is important in the pathophysiology of atherosclerotic plaque
development and rupture, leading to thromboembolism and
stroke.” Uptake of radiolabelled '8F-fluorodeoxyglucose (‘*F-
FDG) on positron emission tomography (PET) is a validated
marker for plaque metabolism caused by inflammation.®?
Experimental and clinical studies indicate that radiolabelled
BE-FDG is specifically localized to plaque inflammatory cells,
mainly macrophages, and is associated with markers of plaque
instability and late clinical events. We recently demonstrated
that ®F-FDG uptake in carotid plaque predicted early recur-
rent stroke in symptomatic patients with carotid stenosis inde-
pendently of stenosis severity and other risk factors.'” In this
study, we aimed to investigate: (1) if a simple risk score in-
cluding both plaque inflammation-related '®F-FDG uptake and
lumen stenosis would improve identification of patients with
carotid stenosis and recurrent stroke after symptom onset; (2)
if the score would predict future stroke recurrence after PET
imaging; and (3) if the score identified recurrent stroke in the
subset of patients with mild or moderate stenosis, the group
for whom improved risk stratification may be of greatest use
for clinical decision-making when considering CEA.

Methods

Derivation Cohort
To derive the risk score, we analyzed patients in the BIOVASC
study (Biomarkers and Imaging of Vulnerable Atherosclerosis in
Symptomatic Carotid Artery Disease). Patient eligibility and study
procedures for BIOVASC have previously been reported.'® Briefly,
BIOVASC is a multicenter prospective cohort study at 10 centers in
Ireland, Barcelona, Paris, Calgary, and Singapore.

Inclusion criteria were (1) age 250 years, (2) recent (<30 days be-
fore study entry) nonsevere ischemic stroke (modified Rankin scale

score <3) or TIA affecting speech, motor function, or vision, (3) ipsi-
lateral internal carotid artery stenosis (250% lumen narrowing) based
on reports of admission carotid imaging by radiologists for clinical
care, (4) combined PET/computed tomography angiography (CTA)
imaging completed. Exclusion criteria were (1) probable hemo-
dynamic stroke/TIA because of carotid near-occlusion, (2) renal
impairment (glomerular filtration rate <60 mL/min) or other contrain-
dication to contrast-enhanced CT or magnetic resonance imaging (eg,
known contrast allergy), (3) prior neck irradiation, ipsilateral carotid
surgery, or stenting, (4) pregnancy, and (5) dementia, malignancy, or
other comorbid conditions precluding study participation.

All patients had a detailed baseline assessment by trained study
personnel. Treating clinicians were advised to prescribe antiplatelet
agents, statins, and other prevention treatments according to guide-
lines. Decisions relating to choice and doses of medical treatments
were at the discretion of the treating clinician.

BIOVASC was approved by Ethics Committees of participating
centers and all patients gave informed consent.

Ascertainment of Recurrent Stroke

The primary outcome was recurrent stroke. To avoid misclassifica-
tion bias of recurrent stroke before hospital presentation, each patient
was carefully questioned about episodes of persistent (>24 hours) or
transient focal neurological disturbance consistent with TIA or stroke
within the 30 days before hospital presentation. All suspected ear-
lier TIA or stroke events were confirmed by in-person assessment of
the patient by a senior stroke clinician and independently centrally
adjudicated by a study investigator blinded to PET data (Dr Kelly).
Only unequivocal focal motor, speech, or monocular vision loss were
classified as prehospital TIA, and vague nonfocal, sensory, or visual
symptoms were excluded.

After study entry, standardized follow-up assessments were per-
formed in-person or by telephone interview at 7, 30, and 90 days.
Patients were carefully questioned to assess for recurrent stroke.
Suspected stroke recurrences were confirmed in duplicate, by in-
person evaluation by the site lead investigator and by independent
central adjudication by another investigator (Dr Kelly) blinded to
imaging data.

The first stroke or TIA within the 30-day prehospital presentation
interval was classified as the index event, with subsequent ipsilateral
new strokes following the index event (prehospital or within 90-day
follow-up) classified as recurrent strokes. For the primary analysis,
only recurrent strokes unrelated to a revascularization procedure (de-
fined as before or later than 24 hours of carotid revascularization)
were defined as outcomes. A sensitivity analysis was performed when
recurrent stroke following revascularization was excluded.

PET-CT Imaging

BE-FDG PET-CT was performed within 7 days after a minimum
6-hour fast (online-only Data Supplement). 320 MBq of "F-FDG
was administered 2 hours before image acquisition. The uptake
phase was standardized with the patient resting. PET images were
acquired in 3-dimensional mode in 2-bed positions for 10 minutes
each. A low-dose CT for attenuation correction was then done using
the same scanner, followed by aortic arch to skull-base carotid CTA
using contrast-bolus tracking.

Image Analysis

Following co-registration of PET and CT images using a semi-auto-
mated algorithm with manual correction, carotid "*F-FDG activity in
10 regions of interest was quantified by a single reader (Dr Giannotti)
blinded to clinical outcomes. Each region of interest was defined rel-
ative to the slice of maximal stenosis on the co-registered CTA, corre-
sponding to a 1 mm axial plaque slice. '8F-FDG was quantified using
standardized uptake values (SUV g/mL, defined as measured uptake
[MBg/mL]/injected dose [MB(q] per patient weight [g]). We defined
the single hottest slice as the axial slice with maximal SUV uptake
(SUV,_)." We calculated tissue-to-background ratios (TBRs) as the
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ratio of ICA SUV_ /internal jugular vein SUV . All images were
centrally analyzed by a single trained reader (Dr Giannotti) using
OsiriX MD version 6.5.2 (Pixmeo SARL, Geneve). Intrarater relia-
bility assessment showed excellent agreement (intraclass correlation
0=0.814, P<0.001).

For inclusion into BIOVASC, all patients without near-occlusion
with ICA stenosis 250% on the admission ultrasound, magnetic res-
onance angiography, CTA, or angiogram reported by radiologists for
clinical care were eligible. Subsequently, all CTAs done for com-
bined PET/CT imaging were centrally remeasured by a single reader
blinded to clinical outcomes (Dr Giannotti) and degree of stenosis
classified by the NASCET (North American Symptomatic Carotid
Surgery Trial) method (online-only Data Supplement). Eleven
patients originally categorized as moderate stenosis were reclassified
as mild (30%—49%) stenosis on central re-measurement. Using an
intention-to-treat principle, all patients were included for derivation
of the risk score.

Validation Cohort

We investigated the external validity of the risk score by analyzing
the association of the score with recurrent stroke in an independent
cohort comprising pooled data from the DUCASS (Dublin Carotid
Atherosclerosis Study) and Barcelona Plaque Study. Both studies
used eligibility criteria, outcome ascertainment, and imaging meth-
odologies, which were highly similar to BIOVASC.

DUCASS was an earlier study (conducted between 2008 and
2011) by members of the BIOVASC study group.'? The protocol
subsequently used in BIOVASC is almost identical to the earlier
DUCASS methods (online-only Data Supplement).

The Barcelona Plaque Study was conducted between October
2015 and March 2018, also using methods based on the earlier
DUCASS study. Consequently, study eligibility criteria, stroke recur-
rence ascertainment, and imaging methods were also highly similar
to BIOVASC, except that the Barcelona study was done at a single-
center, the interval between qualifying stroke/TTA and study inclusion
was 7 days, and CTA was usually done before PET-CT (online-only
Data Supplement).

All PET and CTA images in DUCASS and Barcelona patients
were reviewed by the same reader (Dr Giannotti), who reviewed the
BIOVASC images using identical methodology for image analysis.

Statistical Analysis:

Comparison of baseline clinical variables in patients with and without
recurrent stroke was compared using ¢ tests, Mann-Whitney tests, or
¥ tests as appropriate. In the derivation cohort, we performed bivar-
iate Cox regression analysis to determine factors associated with re-
current stroke at 90 days, expressed as hazard ratio (HR) with 95%
CI. Patients were censored at the time of recurrent stroke, or last fol-
low-up visit (if lost to follow-up). The proportional hazard assump-
tion was tested by visual examination of survival curves and by the
Schoenfeld test. Forward step-wise multivariable Cox regression
modeling was performed with time to recurrent stroke as the de-
pendent variable. Independent variables were included in the model
based on a P<0.05 on bivariate analysis or a known clinical rationale
for association with stroke recurrence.

Based on the observed HRs on multivariable Cox regression, we
derived the symptomatic carotid atheroma inflammation lumen-ste-
nosis (SCAIL) score by assigning points based on '*F-FDG uptake'?
(SUV, <2 g/mL, 0 points; SUVmM 2-2.99 g/mL, 1 point; SUV
3-3.99 g/mL, 2 points; SUV >4 g/mL, 3 points) and stenosis se-
verity (<50% stenosis, 0 points; 50%—69% stenosis, 1 point; 270%
stenosis, 2 points). The derived SCAIL score consisted of 2 items,
ranging from O to 5 points. In the derivation cohort, we investigated
the relationship of the score to the risk of early recurrent stroke by
analyzing the distribution of recurrent stroke across increasing levels
of the score and by calculating the C statistic (area under the curve)
on receiver-operating characteristic analysis. To examine the influ-
ence of other prognostic factors on the relationship of the SCAIL
score with recurrent stroke, we did multivariable Cox regression

Carotid Plaque Inflammation-Stenosis SCAIL Score 3

analysis with inclusion of the SCAIL score, age, sex, and other risk
factors as covariates. To assess the external validity of the score, we
then repeated these analyses in the independent validation cohort.

We tested for heterogeneity of the 3 included studies by calcu-
lating the Mantel-Haenszel %> and I statistics and by visual examina-
tion of forest plots. As no evidence of heterogeneity was identified,
individual-patient data from all 3 cohorts were pooled. In the pooled
data set, we explored threshold levels of the score associated with op-
timal sensitivity and specificity for association with recurrent stroke.
We further investigated the prognostic relationship of the SCAIL
score with future recurrent stroke (ie, recurrent stroke which occurred
after PET imaging) by repeating our analyses after exclusion of re-
current strokes which occurred before PET. To examine the score in
patients with mild or moderate stenosis, where improved risk predic-
tion might be most clinically useful, we repeated our analyses after
exclusion of patients with severe stenosis, with outcome defined first
as any recurrent stroke (pre- or post-PET imaging) and then as re-
current stroke post-PET imaging only. In sensitivity analyses, we
repeated our analyses for patients censored at the time of carotid
revascularization (to eliminate potential residual confounding asso-
ciated with CEA or stenting) and when plaque inflammation was de-
fined as TBR _ in single hottest slice from each patient (online-only
Data Supplement).

All analyses were done in Stata version 14. All significance test-
ing was 2-sided, with a P<0.05 considered significant.

Results

Derivation Cohort

One hundred and nine patients were included in the BIOVASC
derivation cohort. Clinical characteristics are described in
Table I in the online-only Data Supplement. Briefly, mean
age of included patients was 69.7 years and 71% were men.
Overall, 45% had severe, 45% moderate, and 10% mild ste-
nosis on central imaging re-measurement. Carotid revascular-
ization was done in 63% (69 patients, CEA in 65, stenting in
4, median 10 days postadmission [interquartile range, 8-17.5
days]). Early recurrent stroke occurred in 12.8% (14 patients,
9 prehospital stroke recurrences, 1 recurrence after CEA).

Multivariable Cox regression analysis of factors asso-
ciated with recurrent stroke has been previously reported.!°
After adjustment for age, sex, stenosis severity, hyperten-
sion, diabetes mellitus, smoking, antiplatelets, and statin
treatment, the HR for recurrent stroke per 1 g/mL SUV
was 2.2 (95% CI, 1.1-4.48, P=0.025). The HR associated
with increasing stenosis severity was 2.45 (95% CI, 0.9-6.5,
P=0.07, unadjusted, referent group mild stenosis). No other
variable was associated with recurrent stroke on bivariate or
multivariable analysis.

Based on the observed HRs per unit increase in SUV__
and stenosis category, points of 0—3 were assigned according
to 8F-FDG uptake and points of 0-2 assigned to stenosis se-
verity (Figure 1). The resulting 2-item SCAIL score ranged
from O to 5 points (Table 1). Twenty-one (19.3%) patients had
a score of 4 or more, and 4 patients (3.7%) had a score of
5. The risk of early recurrent stroke increased with increas-
ing SCAIL score (P=0.002 for trend; Table 2 and online-only
Data Supplement). No patients with a score of O or 1 had re-
current stroke, whereas all 4 patients with a score of 5 had
recurrent stroke (2 patients) or recurrent TIA (2 patients).

On multivariable Cox regression analysis, after adjusting
for age, sex, hypertension, diabetes mellitus, smoking, anti-
platelet, and statin treatment, a 1-point increase in SCAIL
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Figure 1. A, Patient with severe left ICA ste-
nosis and plaque maximal SUV uptake (SUV__)
4.9 g/mL (symptomatic carotid atheroma in-
flammation lumen [SCAIL] score 5). B, Patient
with moderate left ICA stenosis and plaque

SuV,_, 4.4 g/mL (SCAIL score 4).

score was associated with recurrent stroke (adjusted HR, 2.4
[95% CI, 1.2-4.5], P=0.01). On receiver-operating character-
istic analysis, the C statistic for discrimination of recurrent
stroke postindex event was 0.71 (95% CI, 0.56-0.86).

Validation Cohort

Eighty-seven patients were included in the independent
validation cohort. Clinical characteristics are described in
the online-only Data Supplement. Thirty-three percent (29
patients) had severe stenosis, 59% moderate (51 patients),
and 8% mild stenosis (7 patients) on central re-measure-
ment. Carotid revascularization was done in 44%. Recurrent
stroke occurred in 23 patients (26.4%), 13 of which occurred
before hospital presentation. In the validation cohort, the
risk of recurrent stroke increased across SCAIL categories
(P<0.001). After adjustment for age, sex, hypertension, di-
abetes mellitus, smoking, antiplatelet, and statin treatment,
the adjusted HR for each 1-point SCAIL increase was 2.9
(95% CI, 1.9-5, P<0.001). The C statistic for discrimination
of early recurrent stroke postindex event was 0.77 (95% ClI,
0.67-0.87).

Pooled Cohorts

As no evidence of significant heterogeneity was apparent
among all 3 studies (I 0%, Mantel-Haenszel %> 0.9), we
pooled the derivation and validation cohorts to further ex-
plore the characteristics of the score and to provide addi-
tional statistical power for subgroup analyses. The pooled
data set included 196 patients, with 37 recurrent strokes (22
prehospital, 15 postadmission, 8 of which were post-PET
stroke recurrences).

In the pooled data set, discrimination of any recurrent
stroke following the index event was improved by the SCAIL
score (C statistic 0.74 [95% CI, 0.66—0.82]) compared to ste-
nosis alone (C statistic 0.65 [95% CI, 0.56-0.73], P=0.016 for
comparison; Figure 2A). When the score was collapsed into
low (0-1), medium (2-3), and high (4-5) categories, a linear
increase in stroke recurrence risk was observed (P<0.001 for
trend; Table 3; Figure 3A). The recurrent stroke risk was 0%
(0/18 patients) in the low category, 18% (23/128 patients) in
the medium category, and 52% (14/27 patients) in the highest
SCAIL category. On threshold analysis, a score of 3 or more
had 81% sensitivity and 54% specificity for discrimination of
recurrent stroke. A score of 4 or more had 38% sensitivity but
90% specificity for recurrent stroke. Plaque FDG uptake did
not correlate with stenosis severity (P=0.8).

In a sensitivity analysis, our results were unchanged when
"F-FDG uptake was quantified as TBR _ and the SCAIL
score redefined by integrating TBR _ with stenosis severity
(SCAIL_,,; online-only Data Supplement). In this analysis,
the adjusted HR of any recurrent stroke was 1.67 (95% CI,
1.22-2.29) for each 1-point increase in SCAIL, ;. (P=0.001).
Stroke risk increased with progressive increases in SCAIL,
strata (P<0.0001 for trend).

Prediction of Recurrent Stroke After PET

To investigate if the SCAIL score predicted future stroke after
PET imaging, we repeated our analyses in the pooled data
set after exclusion of all recurrent strokes before PET. In this
analysis, after excluding the 29 patients with recurrent stroke
before PET imaging, 167 patients were included, with 8 recur-
rent stroke outcomes post-PET imaging.
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Table 1. SCAIL Item Measures and Points, Based on Multivariable Cox
Regression Model in Derivation Cohort™

SCAIL Item Measure SCAIL Points
Plaque SUV__, g/mL <2 0
2-2.99 1
3-3.99 2
>4 3
Lumen stenosis, % <50 0
50-69 1
>70 2
Total 0-5

SCAIL indicates symptomatic carotid atheroma inflammation lumen; and
SUV, standardized uptake value.

The risk of post-PET recurrent stroke across low, me-
dium, and high SCAIL categories also increased (P <0.001;
Figure 3B). On multivariable Cox regression, after adjust-
ment for age, sex, hypertension, diabetes mellitus, smok-
ing, antiplatelet, and statin treatment, the HR for post-PET
recurrent stroke per 1-point SCAIL increase was 4.52 (95%
CI, 1.58-12.93, P=0.005). Compared with stenosis severity
alone (C statistic 0.63 [95% CI, 0.46-0.80]), discrimination
of recurrent stroke after PET was improved with the SCAIL
score (C statistic 0.82 [95% CI, 0.66-0.97], P=0.04 for com-
parison; Figure 2B).

In a sensitivity analysis, when "F-FDG uptake was
expressed as TBR, the adjusted HR for recurrent stroke after
PET was 3.14 (95% CI, 1.25-7.91, P=0.015) per l-unit in-
crease in SCAIL ., with increased stroke risk across
SCAIL,,, strata (P=0.02; online-only Data Supplement).

SCAIL Score and Recurrent Stroke in Mild and
Moderate Stenosis

To explore the relationship of the SCAIL score with recur-
rent stroke in patients where additional information to ste-
nosis severity might be most useful for clinical decisions
relating to carotid surgery, we repeated our analyses after
exclusion of patients with severe stenosis. By definition, in
such patients, the SCAIL stenosis item was scored as zero
or one. The subgroup with mild or moderate stenosis com-
prised 118 patients (18 mild and 100 moderate stenoses),
with 17 recurrent strokes (4 of which occurred following
PET imaging).

On Cox regression analysis, after adjustment for age,
sex, antiplatelet and statin treatment, and other risk fac-
tors, the HR of any recurrent stroke (pre- or post-PET) in
patients with mild or moderate stenosis per 1-point increase
in SCAIL score was 2.74 (95% CI, 1.39-5.39, P=0.004).
The C statistic for discrimination of any recurrent stroke was
0.71 (95% CI, 0.59-0.83).

When the analysis was restricted to patients with mild or
moderate stenosis who had stroke recurrence after PET im-
aging, the HR per 1-point SCAIL score increase was 10.89
(95% CI, 1.93-61.16, P=0.007). The C statistic for discrim-
ination of post-PET recurrent stroke in patients with mild or
moderate stenosis was 0.82 (95% CI, 0.57-1).

Carotid Plaque Inflammation-Stenosis SCAIL Score 5

Table 2. Risk of Nonprocedural Stroke Recurrence Stratified by SCAIL Score
in Derivation Cohort (P for Trend 0.002, n=95, 14 Patients With Recurrent TIA
Excluded)

Recurrent Stroke = Total (No.
SCAIL Score | (No. of Patients) | of Patients) ' Risk, % | 95% Cl = P(Trend)

0 0 0 0 0.002
1 0 12 0 0-26.5

2 4 34 11.8 |3.3-275

3 4 34 11.8 |3.3-275

4 4 13 30.8 |9.1-614

5 2 2 100 |15.8-100

Total 14 95

SCAIL indicates symptomatic carotid atheroma inflammation lumen; and TIA,
transient ischemic attack.

Recurrent Stroke Before Carotid Revascularization

To further test the robustness of our findings, we excluded
patients whose stroke recurrence occurred after carotid revas-
cularization (CEA or stenting). In this analysis, patients were
censored at the time of stroke recurrence, carotid revascular-
ization, or 90 days (online-only Data Supplement). Only one
patient had recurrent stroke after CEA, leaving 196 patients
with 36 recurrent strokes after the index event. Our results
were unchanged—the adjusted HR of any recurrent stroke
per 1-point SCAIL increase was 2.0 (95% CI, 1.38-2.86,
P<0.001) and that for post-PET recurrent stroke was 4.53
(95% CI, 1.6-12.77, P=0.004). Our results were consistent in
patients with mild or moderate carotid stenosis and when the
metric of "*F-FDG uptake was quantified as TBR _ (online-
only Data Supplement).

Discussion

We describe a simple risk score including plaque inflammation
and arterial lumen narrowing in recently symptomatic patients
with carotid stenosis. Our study provides new information in
several ways. First, we show for the first time that incorpo-
rating information relating to plaque inflammation-related
metabolism and lumen stenosis in a single measure identifies
patients at highest risk of early recurrent stroke. In the deriva-
tion cohort, the risk of early stroke recurrence increased in a
step-wise manner across increasing SCAIL score strata. No
patients in the lowest SCAIL categories (0 or 1) had recurrent
stroke, while all patients with a SCAIL score of 5 had recur-
rent stroke or TIA.

Second, the relationship of the SCAIL score with early
stroke recurrence was replicated in an independent valida-
tion cohort. In the validation data set, each 1-point increase
in the score was associated with a 3-fold increase in the
hazard of early stroke recurrence after adjustment for poten-
tial confounding variables. A SCAIL score of 4 or 5 had 90%
specificity for identification of recurrent stroke, with 79% of
patients correctly classified based on presence or absence of
stroke recurrence.

Third, on multivariable analysis, the SCAIL score inde-
pendently predicted recurrent stroke after PET imaging, in
addition to its association with all recurrent stroke events be-
fore or after PET. This suggests that early 'SF-FDG-PET after
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hospital presentation may have prognostic utility to identify
high-risk patients with carotid stenosis, thus guiding treatment
decisions. For any stroke recurrence (pre- and post-PET), the
C statistic improved from 0.65 to 0.74, a modest improvement,
although statistically significant. By contrast, the C statistic
for discrimination of post-PET stroke recurrence improved

Table 3. Risk of Nonprocedural Stroke Recurrence Stratified by SCAIL Risk
Category (Low=0, 1; Medium=2, 3; and High=4, 5) in Pooled Cohorts (P for Trend
<0.001, n=173, 23 Patients With Recurrent TIA Excluded)

SCAIL Risk Recurrent Stroke = Total (No.

Category (No. of Patients) | of Patients) Risk, % 95% Cl | P(Trend)
Low (0, 1) 0 18 0 0-18.5 | <0.001
Medium (2, 3) 23 128 18 | 11.7-25.7

High (4, 5) 14 27 51.9 | 32-71.3

Total 37 173

SCAIL indicates symptomatic carotid atheroma inflammation lumen; and TIA,
transient ischemic attack.

from 0.63 to 0.82, suggesting that the SCAIL score might
have better discrimination for recurrent stroke in the days im-
mediately following PET imaging, when PET may be most
useful to guide clinical practice. However, this finding must
be interpreted with caution as the CIs were wide, reflecting the
low number of post-PET stroke outcomes.

Fourth, our findings were consistent in analyses restricted
to patients with mild or moderate stenosis, the group for whom
improved identification of high-risk patients is most likely to
be clinically useful when considering selection for surgery.
Fifth, our results were consistent when only recurrent stroke
before carotid revascularization were considered, indicating
that they are not confounded by periprocedural stroke events.

Inflammation is an important contributor to the develop-
ment and rupture of atherosclerotic plaque. Studies of blood
inflammation markers, such as C-reactive protein and ge-
netic epidemiological studies of functional polymorphisms
in inflammatory proteins, have shown consistent associa-
tions with myocardial infarction and ischemic stroke. In the
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Figure 3. A, Risk of recurrent stroke in low, medium, and high sympto-
matic carotid atheroma inflammation lumen (SCAIL) categories (pooled
cohorts, all recurrent stroke after index event; P, .<0.001). B, Risk of
recurrent stroke in low, medium, and high SCAIL categories (pooled
cohorts, post-positron emission tomography [PET] recurrent stroke only;
P, <0.001).

trend

CANTOS (Canakinumab Anti-Inflammatory Thrombosis
Outcome Study) randomized trial, specific anti-inflamma-
tory therapy with an interleukin-1f3 antagonist reduced vas-
cular events in patients with stable coronary disease, without
lowering low-density lipoprotein cholesterol.'* Injected
radiolabeled "*F-FDG uptake imaged by PET is a marker of
plaque inflammation and correlates with intraplaque mac-
rophage density in animal models of atherosclerosis and
excised human carotid plaque.®’ Increased carotid "*F-FDG
uptake is associated with markers of plaque inflammation
and instability, such as circulating levels of inflammatory
proteins, micro-embolic signals on transcranial Doppler
ultrasound, unstable plaque morphology, and new clinical
symptoms.'"® In retrospective studies of patients imaged
with whole-body PET for investigation of cancer, increased
aortic "F-FDG uptake was associated with late cardiovas-
cular events, independently of established risk factors.'**
However, few data exist on plaque "®F-FDG uptake and early
recurrence in carotid stenosis, and no studies have investi-
gated the prognostic utility of plaque inflammation com-
bined with lumen stenosis to predict early recurrent stroke.

Carotid Plaque Inflammation-Stenosis SCAIL Score 7

Strengths of our study include the prospective design,
high rates of early treatment with antiplatelet agents and
statins reflecting contemporary medical management, and
validation of the SCAIL score in an independent cohort.
However, we cannot exclude the possibility that some
recurrent strokes may have occurred in the absence of a
standard protocol requiring high-dose statins or dual anti-
platelet agents for all patients. Our sample size was suffi-
cient to allow analysis of the prognostic utility of the score
for recurrent stroke after PET imaging. However, we also
avoided misclassification bias by ascertaining recurrent
stroke events which occurred before hospital presentation.
We minimized the potential for recall bias by including
patients only with definite focal neurological deficits,
confirmed by a stroke physician, and independently adju-
dicated by a second study physician. Patients with prehos-
pital TIA were included only if definite motor, speech, or
monocular visual loss occurred.

We acknowledge some limitations. Statistical power was
limited for some subgroup analyses, such as those in patients
with mild or moderate stenosis. Consequently, the CI for some
analyses is wide. Further studies of larger samples are needed
to improve the precision of risk estimates of the score, as rel-
atively few patients had scores of 4 or 5. We acknowledge the
possibility that statin therapy may have attenuated plaque in-
flammation in some patients. However, our multivariable Cox
regression models were adjusted for statin therapy, and the as-
sociation between SCAIL score and recurrent stroke remained
in adjusted analyses.

Unlike the Oxford risk score which calculates 5-year risk
of stroke and death based on observed rates in medical arms of
endarterectomy randomized trials,?! we derived and validated
the SCAIL score to identify early stroke risk in patients before
surgery and in those for whom surgery was not planned due to
an unfavorable risk-benefit assessment. However, the risk of
recurrent stroke is greatest within days of the initial event and
prevention of early recurrence is an important goal of medical
treatment and surgery. Further studies are needed to determine
the utility of the SCAIL score to predict late recurrent stroke
in medically treated patients.

Our study suggests that incorporating plaque inflamma-
tion-related metabolism imaged by PET with lumen-steno-
sis imaged on CTA in the SCAIL score might have clinical
utility to identify patients most likely to benefit from early
surgery after hospital presentation. A selection strategy
which combines information about plaque inflammation
and lumen narrowing might be most useful for patients
who had least benefit from surgery in pivotal trials when
categorized by lumen stenosis alone, such as women with
moderate stenosis or those with delayed presentation after
symptom onset. Before the score is used in clinical prac-
tice, we emphasize that further studies are needed to further
validate and refine the precision of SCAIL risk estimates
in patients treated with modern medical therapy and to fur-
ther investigate its utility in patient subgroups. Randomized
trials and cost-effectiveness studies are needed to test the
hypothesis that the SCAIL score may have utility for patient
selection for endarterectomy, in situations where the benefit
of surgery is currently uncertain.
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