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Abstract

Background and Purpose: To determine the prognostic value for ischemic stroke or tran-
sitory ischemic attack (TIA) of plaque surface echogenicity alone or combined to degree
of stenosis in a Swiss multicenter cohort

Methods: Patients with >60% asymptomatic or >50% symptomatic carotid stenosis were
included. Grey-scale based colour mapping was obtained of the whole plaque and of its
surface defined as the regions between the lumen and respectively 0-0.5,0-1,0-1.5, and
0-2 mm of the outer border of the plaque. Red, yellow and green colour represented low,
intermediate or high echogenicity. Proportion of red color on surface (PRCS) reflecting
low echogenictiy was considered alone or combined to degree of stenosis (Risk index, RI).
Results: We included 205 asymptomatic and 54 symptomatic patients. During follow-up
(median/mean 24/27.7 months) 27 patients experienced stroke or TIA. In the asymp-
tomatic group, RI >0.25 and PRCS >79% predicted stroke or TIA with a hazard ratio (HR)
of respectively 8.7 p=0.0001 and 10.2 p < 0.0001. In the symptomatic group RI >0.25 and
PRCS >81% predicted stroke or TIA occurrence with a HR of respectively 6.1 p = 0.006
and 8.9 p = 0.001. The best surface parameter was located at 0-0.5mm. Among vari-
ables including age, sex, degree of stenosis, stenosis progression, RI, PRCS, grey median
scale values and clinical baseline status, only PRCS independently prognosticated stroke
(p =0.005).

Conclusion: In this pilot study including patients with at least moderate degree of carotid
stenosis, PRCS (0-0.5mm) alone or combined to degree of stenosis strongly predicted

occurrence of subsequent cerebrovascular events.
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INTRODUCTION

Degree of atherosclerotic narrowing of the extracranial carotid artery
is used to predict the risk of future ischemic strokes. This strategy
has limitations as severe carotid atherosclerotic lesions may remain
asymptomatic for years, while others, more moderate, may progress
rapidly and lead to ischemic stroke.’-2

Carotid plaque morphology has been shown to be an indepen-
dent predictor of ipsilateral stroke risk.>~> Noninvasive imaging tech-
niques such as high-resolution ultrasound have emerged in recent
years for the characterization of arterial wall pathology.”~? Most
studies performed in this field are based on visual plague analysis
alone with a poor inter- and intraobserver agreement.’® As a con-
sequence more operator-independent approaches have been devel-
oped using a computer-assisted analysis of grey-scale values. The
first and most widely used method is the grey-scale median (GSM)
measurement.?~18 |n fact, various studies demonstrated that plaques
with low GSM values were associated with an increased risk of
subsequent stroke.

We reported an alternative method consisting of a more regional
analysis of plague components and in particular of plaque surface
with the use of colour mapping.1?-2% In our previous study we could
show that plaque surface echogenicity alone or combined to degree
of stenosis (Risk index) allowed to distinguish between symptomatic
and asymptomatic patients with diagnostic accuracy.?! The aim of the
present work was to determine prospectively the prognostic value for
stroke or transitory ischemic attack (TIA) of plaque surface echogenic-
ity alone or combined to degree of stenosis in a multicenter Swiss
cohort of patients with > 60% asymptomatic or > 50% symptomatic
carotid stenosis.

METHODS

There were 6 participating Swiss Stroke centers (Geneva, Basle, Berne,
Lausanne, St. Gallen and Zurich) which included consecutive patients
with> 60% asymptomatic or > 50% symptomatic carotid artery
stenosis.

Two groups were included: Patients with ischemic stroke occur-
ring within the last 6 months and patients with asymptomatic carotid
stenosis. These two groups defined the clinical baseline status. Clini-
cal history, presence of vascular risk factors and usual treatment were
assessed. The interventional management of carotid stenosis (surgery,
stenting) was similar in all participating centers: an intervention was
recommended in patients with symptomatic 50-99% stenosis, and in
patients with asymptomatic >80% stenosis. Patients were asked to
participate in the present study, when they either refused the afore-
mentioned recommendations or were considered not to be candidates
for a carotid intervention, e.g. because of reduced life expectancy.
Patients with a potential cardio-embolic source of stroke and who were
not under anticoagulants were excluded from the study.

All the participants gave informed consent before taking part.
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Ultrasound criteria

All investigations were performed using ultrasound devices (Phillips
iU22, Siemens

Antares, Toshiba and LOGIQ P6 GE) with 4-8MHz tranducers. The
patients were examined in the supine position, with their head slightly
rotated to the opposite side of the carotid artery being imaged. All
plaques were examined on an axial and longitudinal plane. For analysis,
however, only the longitudinal plane was considered. Probe placement
and site of plaque delineation, e,g near or far wall, were left to the
appreciation of the sonographer.

The flow velocity and stenosis rate were measured at the site
of the common carotid artery, bulb, and proximal internal carotid
artery (ICA). Peak systolic velocities (PSV) at the level of the stenosis
and the ICA/ common carotid artery (CCA) ratio were used in order
to distinguish the different groups of degree of stenosis: 50%—59%
with PSV >120 cm/sec and ICA/CCA >1.5; 60%—69% with PSV
>170 cm/sec and ICA/CCA>3.2 and 70%—99% with PSV >220cm/sec
and ICA/CCA>3.7. Stenosis of >80% were considered whenever
end-diastolic velocity was >130 cm/sec.22-26 These velocity criteria
similar to the North American Symptomatic Carotid Endarterectomy
Trial grading were applied across all centers. The plagque with the
highest degree of stenosis was considered whenever presence of
asymptomatic bilateral or tandem stenoses.

Stenosis progression was defined as a change of degree of stenosis
moving from moderate (50%—69%) to severe (70%—99%).27

Gray-scale based colour mapping

The spatial distribution of grey scale values of the pixels of the plaque
was used as the measurement of echogenicity. Three colours were
chosen for colour mapping according to the intensity of echogenicity:
red for low, yellow for intermediate and green for high. Five different
thersholds were considered: grey-scale values of <60,50,40,30 and 20
mapped in red, between 60 and 90, 50 and 80, 40 and 70, 30 and 60
and 20 and 50, mapped in yellow and >90, 80,70,60 and 50 mapped in
green. The surface was further divided into four levels: level 1: between
0-0.5mm, level 2: between 0.5-1mm, level 3: between 1-1.5mm and
level 4 between 1.5-2mm. For each plaque the proportion of each
colour present on the surface, subdivided into four different levels, was
assessed automatically (Figure 1).

The different steps are shown on Figure 2.

Patients presenting acoustic shadowing due to calcifications ren-
dering plaque visualization not possible were not included in the
study.

To facilitate assessment of degree of stenosis, we integrated to the
colour mapping analysis a morphological measurement of diameter
reduction according to the European Carotid Surgery Trial criteria for
all patients.28-30
The Risk index was established on a combination of degree of steno-

sis as assessed by means of the morphological measurement and the
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FIGURE 1 Examples of a heterogeneous (A-B) and a homogeneous plaque (C-D)

FIGURE 2 A Echogenic characteristics of the plaque. B. The colour flow is automatically outlined (see red lines). C. Manual delineation of the
adventitia. D. Plague normalization is performed by selecting with blue triangles the darkest and the brightest regions according to the standard
grey scale values of 0-190. Colour mapping of the plaque is then established
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proportion of the red colour on the surface (PRCS). The measurements
were used according to the following formula??:
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values of Kaplan-Meier curves, we performed ROC to determine the
highest sensibility and specificity. Cox proportional hazards regression

exp(—8.98404 + 0.0458 x degree of stenosis + 0.06018 x proportion of red on the surf)

1 + exp(—8.98404 + 0.0458 x degree of stenosis + 0.06018 x proportion of red on the surf)

We also investigated the correlation, between risk index and pro-
portion of red colour on the surface in order to assess whether the
systematic use of both parameters was necessary or whether the use
of only one of may be sufficient.

Colour mapping was performed by all centers and were sent to
Geneva center where all native datasets were centralized. All colour
mapping images were then reanalysed by a trained nurse technician
blinded to the clinical history of the patients (DW) and in case of dis-
cordance validated by an experienced medical doctor (RS). Values were
considered discordant whenever there was a difference for Rl of more
than 20% and/or a difference for PCRS of more than 15%.

Gray scale median assessment of the whole plaque

Grey median scale values of the whole plague were obtained according
to the method described by El-Barghouty and colleagues.!? The GSM

computation was also implemented in our software.

MRI examination

In the symptomatic group, brain MRI was performed within a time
span of 48-72 hours and in asymptomatic one, within a delay of
10 days after the detection of the carotid stenosis. When present on
diffusion-weighted sequences, the lesion was considered as acute. MRI
scans were also used to confirmed the clinical baseline status (asymp-
tomatic versus symptomatic) and to distinguished in those patients
who became symptomatic during the follow-up period whether they
had a stroke or TIA.3! An experienced neuroradiologist (K.L.) who was

not aware of clinical history reviewed all images.

Statistics

Statistical analysis was performed with Medcalc (version 17.5). Cat-
egorical and continuous variables are shown respectively as numbers
and percentages (%) or as mean values and standard deviation values.
For the longitudinal studies we used the mean values of all ultrasound
investigations performed for each patient. To define the best surface
level and the best grey-scale threshold value we performed multiple
receiver operating curves (ROC) comparisons. We used chi-square and
Mann-Whitney tests for comparisons. For assessment of threshold

was used to define the best outcome predictor among different
echographic and clinical parameters of stroke or TIA in asymptomatic
and symptomatic patients. To establish the correlation between Risk
index and PRCS, we used the Rank correlation with Spearman’s rho
correlation coefficient. The rate of agreement was measured according
to kappa values. A probability value of less than 0.05 was chosen as
level of significance. For Tables 1 and 2 due to multiple testing, we used
the level of significance of less than 0.0017 according to Bonferroni’s
method.

RESULTS

From 2008 to 2016, we included 282 patients. All patients were moni-
tored every 6 months by ultrasound investigation during the follow-up.
Their baseline characteristics are given on Table 3.

Overall 1086 ultrasound investigations were performed by all
centers and reanalyzed by a trained nurse technician. All discor-
dant results were reviewed and validated by an experienced medical
ultrasonologist (RS). The most frequent cause of incorrect application
of the software leading to discordant results consisted in a wrong
plaque delineation which included partly the lumen. This occurred in
12% (n = 130) of all the ultrasound investigations. Kappa values were
further of 0.79 [95% Confidence Interval (Cl) 0.73 to 0.86] for Rl and
0.76 (95%Cl1 0.70 to 0.83) for the PRCS. Accordingly we could use for
our study the results of all centers (n = 956), except for those where
a wrong plaque delineation was observed (n = 130). In these cases we
used the results after reanalysis by the trained nurse technician and an
experienced medical ultrasonologist.

Of the 282 patients initially included, 23 were lost for follow-up
(Figure 3). All patients were treated during the follow-up period with
antiplatelet and lipid lowering therapy. The number of strokes or TIAs
occurring in the asymptomatic group was of 11(5.4%) and of 8 (16%)
in the symptomatic one (p < 0.01). Stenosis progression was observed
among 14 of 234 (6%) subjects free of events and among 14 of 27
(15%, p < 0.1) who experienced stroke or TIA during their follow-up.
The mean delay between the first US investigation and occurrence of
stroke was of 31 months (12-62) in the asymptomatic group and of
27.2 months (11-35) in the symptomatic group. Revascularisation was
usually performed within the first 2 weeks after the event.

The best surface parameter was located at 0-0.5mm and the best
grey scale interval between <60 and <90 (Tables 1 and 2). Accordingly
Rl and PRCS refered to these two values.
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TABLE 1 Riskindex: Comparisons of receiver operating curves for the prediction of stroke or transitory ischemic attack according to 4surface

levels and 5 grey-scale thresholds

RI RI RI RI
Grey-scale Level 1 Level 2 Level 3 Level 4
theresholds 0-0.5mm 0.5-1mm 1-1.5mm 1.5-2mm
<60 and <90
AUC 0.797 0.735 0.734 0.762
95%Cl 0.743t00.845 0.677t00.788 0.675t00.787 0.705t00.813
*Pvalues 0.0060 (L1vsL2) 0.0131(L1vsL3) 0.2175(L1vsL4)
0.9234 (L2vsL3) 0.1885 (L2vsL4)
0.1161 (L3vsL4)
<50and <80
AUC 0.734 0.695 0.697 0.722
95%Cl 0.676t00.787 0.635t00.750 0.637t00.752 0.663t00.775
P values 0.2317(L1vsL2) 0.3273(L1vsL3) 0.7835 (L1vsL4)
0.8595 (L2vsL3) 0.2741 (L2vsL4)
0.1990 (L3vsL4)
<40 and <70
AUC 0,683 0.672 0.692 0.708
95%Cl 0.623t00.740 0.611t00.729 0.632t00,748 0.649t00.763
P values 0.8286 (L1vsL2) 0.8681 (L1vsL3) 0.6827(L1vsL4)
0.0443 (L2 vsL3) 0.1641 (L2vsL4)
0.3988 (L3vsL4)
<30and <60
AUC 0.626 0.652 0.674 0.707
95%Cl 0.564t00.686 0.590t00.710 0.613t00.731 0.648t00.762
P values 0.2992 (L1vsL2) 0.1348 (L1vsL3) 0.0436 (L1vsL4)
0.0749 (L2vsL3) 0.0424 (L2vsL4)
0.0914 (L3vsL4)
<20and <50
AUC 0.648 0.631 0.0490 0.686
95%Cl 0,587 t00.707 0.569t00.690 0.614t00.731 0.626t00.742
P values 0.5669 (L1vsL2) 0.3665 (L1vsL3) 0.3544 (L1vsL4)
0.0244 (L2vsL3) 0.0317 (L2vsL4)
0.5537 (L3vsL4)

RI = Risk index L1, L2, L3, L4 = Level 1, Level 2, Level 3, Level 4 vs = versus *P value cutoff <0.0017 (Bonferroni correction) AUC = area under the curve

95%Cl: 95% Confidence Interval.

Our results show that PCRS alone or combined to degree of stenosis
(RI) predicted stroke or TIA in a cohort of asymptomatic and symp-
tomatic patients followed during a median period of 2 years (Figures 4
and Table 4). Furthermore among different variables including age,
sex, degree of stenosis, stenosis progression, RI, PRCS, grey median
scale values and clinical baseline status, only PRCS independently
prognosticated stroke (p = 0.005) (Table 5).

DISCUSSION

In the present study we could show that PCRS alone or combined to

degree of stenosis expressed as the Risk index were strong predic-

tors of stroke or TIA in patients with asymptomatic or symptomatic
carotid stenosis (Figure 4, Table 4). Threshold values which may used
for asymptomatic and symptomatic patients were similar regarding RI,
but slightly different regarding PRCS (respectively 79% versus 81%)
(Table 4 and Figures 4 and 5). Furthermore although the majority of
patients who experienced stroke or TIA during the follow-up period
had both parameters located above the threshold values, the system-
atic use of both for plaque analysis is nevertheless necessary as in
some cases one value may be still located outside of its respective limit
(Figure 5).

In the Cox regression model, neither RI, nor degree of steno-
sis, nor stenosis progression resulted to be significant when com-

pared to PRCS. These findings suggest regarding prognosis a possible
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TABLE 2 Proportion of red colour on surface: Comparisons of receiver operating curves for the prediction of stroke or transitory ischemic
attack according to 4 surface levels and 5 grey-scale thresholds

PCRS PCRS PCRS PCRS
Grey-scale Level 1 Level 2 Level 3 Level 4
theresholds 0-0.5mm 0.5-1mm 1-1.5mm 1.5-2mm
<60and <90
AUC 0.850 0.766 0.755 0.782
95%Cl 0.800t00.892 0.709t00.817 0.697 t0 0.806 0.727t00.831
*Pvalues 0.0013(L1vsL2) 0.0012(L1vsL3) 0.035(L1vsL4)
0.5(L2vs L3) 0.01(L2vs L4)
0.13 (L3vs L4)
<50and <80
AUC 0.781 0.736 0.755 0.776
95%Cl 0.725t00.830 0.678t00.788 0.698t0 0.806 0.721t00.826
P values 0.11(L1vsL2) 0.42 (L1vsL3) 0.03 (L1vsL4)
0.09 (L2vsL3) 0.12(L2vsL4)
0.24 (L3vsL4)
<40and <70
AUC 0.632 0.726 0.744 0.764
95%Cl 0.570t00.691 0.668t00.780 0.686t00.796 0.708t00.815
P values 0.01(L1vs L2) 0.01(L1vsL3) 0.009 (L1vsL4)
0.14 (L2vsL3) 0.12 (L2vsL4)
0.32(L3vsL4)
<30and <60
AUC 0.719 0.713 0.731 0.747
95%Cl 0.659t00.773 0.654t00.768 0.672t00.784 0.690t00.799
P values 0.8(L1vsL2) 0.6 (L1vsL3) 0.4 (L1vsL4)
0.08 (L2vsL3) 0.22(L2vsL4)
0.4 (L3vs L4)
<20and <50
AUC 0.712 0.699 0.712 0.727
95%Cl 0.653t00.767 0.639t00.754 0.652t00.766 0.669t00.781
P values 0.5(1vs L2) 0.9 (L1vsL3) 0.7 (L1vsL4)
0.2 (L2vsL3) 0.3 (L2vsL4)
0.5 (L3vsL4)

PCRS = proportion of red colour on the surface L1, L2, L3, L4 = Level 1, Level 2, Level 3, Level 4 vs = versus *P value cutoff <0.0017 (Bonferroni correction)

AUC = area under the curve 95%Cl: 95% Confidence Interval.

superiority of the morphological component PRCS over degree of
stenosis (Table 5). Characteristic features commonly thought to be
associated with an increased cerebrovascular risk include plaques with
low echogenicity also called echolucent and opposed to echogenic
or non-echolucent ones.?2-3¢ Histologically echolucent plaques indi-
cate the presence of a large necrotic core, whereas non echolucent
plaques reflect a predominantly fibrotic component.>-? Studies com-
paring carotid plaques removed from symptomatic and asymptomatic
patients have revealed that the main features of unstable plaques
include surface ulceration, thining and/or rupture of the fibrous cap.®”
The size of the necrotic has not been shown to be significantly differ-
ent between these two groups.3” Accordingly an echolucent plaque

even though reflecting the presence of an important necrotic core is

not necessarily unstable. On the other hand, the proximity between the
necrotic core and the lumen may exert a critical role with respect to
plaque instability.>37-38 The distance between the necrotic core and
the lumen is determined by the thickness of the fibrous cap. On ultra-
sound, plaque surface appears echogenic when the fibrous cap is thick
whereas it becomes more hypo- or anechogenic when the cap is thin or
ruptured.

In a systematic review, Brinjikji and colleagues demonstrated that
plaques with complex features, particularly those with echolucency,
neovascularization, ulceration and intraplague motion were associ-
ated with ischemic symptoms.3? In this meta-analysis whole plaque
and surface parameters presented similar predictive values. A recent

study analysed multiparametric indices including a vulnerability index,
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TABLE 3 Baseline characteristics of the cohort of 259 patients with follow-up

Number of patients Asymptomatic Symptomatic

n=259 n=205 n=>54 P values
Age (mean) 80 797 0.32
Male Sex 140 (68%) 33(61%) 0.5
High blood pressure 173(84%) 43(80%) 0.5
Dyslipidemia 160 (78%) 42 (77%) 0.9
Diabetes 48 (23%) 10 (19%) 0.3
Tobacco 88(43%) 9(17%) <0.001*
Coronary heart disease 60 (29%) 13 (24%) 0.5
Any prior stroke 68 (33%) 10 (19%) 0.05
Atrial fibrillation 22 (11%) 2 (4%) <0.05*
Antiplatelet treatment (at admission) 185" (90%) 45" (83%) 0.1
Oral Anticoagulants 36" (18%) 3(5.5%) <0.05*
Lipid lowering treatment (at admission) 188 (92%) 42 (77% 0.9
Antihypertensive treatment 162 (79%) 40 (74%) 0.5
Degree of stenosis 64.3% 61.4% 0.1
50-69% 123 (59%) 40 (74%)

70-99% 82 (41%) 14 (26%) 0.1
Mean GSM values 56.3 55.2 0.4
Bilateral stenosis 10 (4.8%) 2(3.7%) 0.9

Abbreviations: GSM = grey median scale; n = number of patients; *P value cutoff <0.05 **25 asymptomatic and 12 symptomatic patients with dual antiplatelet
therapy *** all patients under oral anticuogulants also received antiplatelet therapy.

282 patients included

224 asymptomatic 58 symptomatic
19 lost during follow-up 4 lost during follow-up
205 asymptomatic patients available 54 symptomatic patients available
Median/ for complete follow-up for complete follow-up Median/
mean mean
duration duration
of follow- of follow-
2:};8 11 strokes /6 TIAs during follow-up 8 strokes /2 TIAs during follow-up 5 4;‘;6'6
months 12 patients with stroke or TIA were 6 patients with stroke or TIA were months
operated or stented operated or stented
(5 refused intervention) (4 refused intervention)
5 patients with stenosis progression 2 patients with stenosis progression
were stented were stented

4 patients died
2 from cardiovascular and
2 from oncological problems

5 patients died
All from oncological problems

FIGURE 3 Flowchart of the follow-up of all patients included in the study. Abbreviation: TIA = transitory ischemic attack
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FIGURE 4 AB,C,D,EF:stroke or TIA-free survival in the asymptomatic (A and B, n = 205), in the symptomatic group (C and D, n = 54) and in
both groups (E and F, n = 259). Abbreviations: n = number of patients; TIA = transitory ischemic attack

combining the degree of stenosis, grey-scale median, and a quantita-
tive measure of surface irregularity (surface irregularity index) derived
from color Doppler imaging and contrast-enhanced ultrasonogra-
phy. The authors showed in a cross-sectional cohort of 54 patients

higher values of vulnerability index among symptomatic as compared

to asymptomatic plaques.*°~*! In another study using a multimodal
ultrasound model including plaque surface morphology, intraplaque
neovascularization and degree of stenosis, it could be shown during a
follow-up of one year that these parameters predicted independently

the occurrence of ischemic vascular events.*?
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TABLE 4 Predictive values of risk index and proportion of red colour on the surface

Asymptomatic Sensitivity Specificity AUC Hazard ratio
n=205 (95%Cl) (95%Cl) (95%Cl) (95%Cl)
Risk index 82% 71% 0.80 8.7
Criterion >0.25 (56%—96%) (64%—77%) (0.735t00.85) (3.05t0 24)
p<0.001* p =0.0001*
Proportion of red colour on the surface 82% 70% 0.81 10.2
(0-0.5mm) (56%—96%) (63%—76%) (0.75t00.86) (3.5t029)
Criterion >79% p<0.001* p <0.0001*
Symptomatic Sensitivity Specificity AUC Hazard ratio
n=>54 (95%Cl) (95%Cl) (95%Cl) (95%Cl)
Risk index 80% 72% 0.80 6.1
Criterion >0.25 (44%—97%) (57%—85%) (0.67t00.89) (1.8to0 35)
p<0.001* p = 0.006*
Proportion of red colour on the surface 90% 75% 0.86 8.9
(0-0.5mm) (55%—99%) (59%—86%) (0.74t00.94) (2.4t032)
Criterion >81% p<0.001* p=0.001"
Symptomatic and asymptomatic Sensitivity Specificity AUC Hazard ratio
n=259 (95%Cl) (95%Cl) (95%Cl) (95%Cl)
Risk index 81% 71% 0.79 7.5
Criterion >0.25 (61%—93%) (65%—77% (0.73t00.84) (3.3t0 17)
P <0.0001
Proportion of red colour on the surface 81% 73% 0.82 10.6
(0-0.5mm) (61%—93%) (67%—79%) (0.77t00.87) (4.6 to 24)
Criterion >81% P <0.0001

Abbreviations: AUC = area under the curve; Cl = confidence interval *P value cutoff <0.05; n = number of patients.

asymptomatic group

0.25
(A 100} 1
i u " o
‘m?
Ii X I s . .
) (SRR TN T ——
‘5 — H
£ li ] i
88
g 60 —
8
6 8 [
[
(]
2E 4l
o n
RS i
5° I |
20 i
| rho 0.90
i p<0.0001
op L L 1 L I L 1
0.0 0.2 0.4 0.6 0.8
Risk index

symptomatic group
100 —

B

70

50 -

proportion of red colour
on surface (0-0.5mm)

40

20 : i
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Risk index values

FIGURE 5 AB:correlation between Risk index and proportion of red colour on the surface (0-0.5mm). Threshold values are given by means of
horizontal (Proportion of Red Colour on Surface) and vertical bars (Risk Index). Patients who experienced stroke or TIA during the follow-up are
represented with black boxes. In the asymptomatic (A), 76% (n = 13/17) and in the symptomatic group (B), 80% (n = 8/10) had both parameters
located above the threshold values. Abbreviations: n = number of patients; TIA = transitory ischemic attack

Pedro and colleagues examined plaque surface echogenicity in 74
patients and showed by visual analysis that in homogenous plaques
an echogenic cap was found in 8.3% of symptomatic and in 33.9%
of asymptomatic patients (p < 0. 05).18 Other more recent studies
sought to determine in ultrasonic images of internal carotid artery
plaques, the diagnostic value of the juxtaluminal anechogenic area

without a visible echogenic cap. The authors found in a multiple logis-

tic regression model an association between hemispheric symptoms,
increasing stenosis (mild, moderate, severe), low GSM values (<15)

and a juxtaluminal black (hypoechoic) area equal or greater than
8 mm?2.18,33:43

Our study was exploratory as the thresholds for Rl and PRCS were
not predefined, but established on ground of the present findings

(Table 4). Our study was further limited by the small number of patients,
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TABLE 5 Prediction of stroke or transitory ischemic attack for
asymptomatic and symptomatic patients (n = 259) according to age,
sex, risk index, proportion of red colour on the surface, degree of
stenosis, stenosis progression, grey median scale and clinical baseline
status

Hazard

Variable Ratio 95% ClI P values*
Age (years) 1.01 0.97to 1.05 0.5

Sex 11 0.39t03.12 0.8

risk index 0.1 0.0001to 175 0.5
proportion red colour surface 1.09 1.03t0 1.15 0.005*
degree of stenosis 1.0 0.96to 1.06 04
stenosis progression 1.00 0.92to0 1.09 0.9

grey median scale values 0.99 0.97to 1.01 0.8
clinical status at baseline** 1.6 0.70to 3.1 0.5

Abbreviations: n = number of patients Cl = confidence interval *P value
cutoff <0.05 **symptomatic or asymptomatic at baseline.

however the duration of the follow-up period was relatively long and
also the number of events resulted to be sufficient in order to obtain
significant findings. We further found 12% of discordant findings of
colour mapping performed by the various centers. Although the rate
of agreement was acceptable, these results suggest nevertheless that
the method needs careful monitoring and cannot be used without a
previous training.

To conclude, we found in our cohort of patients that PRCS alone or
combined to degree of stenosis expressed as the Risk index were strong
predictors of ischemic stroke or TIA in patients with asymptomatic or
symptomatic carotid stenosis. These findings suggest the importance
of plaque surface echogenicity as a potential criterion for assessment
of the embolic risk in asymptomatic or symptomatic carotid disease.
Furthermore as surface echogenicity may be difficult to assess visu-
ally in clinical practice, echographic computerized approaches should

be preferred.
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