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Abstract Ultrasonographic detection of subclinical athero-
sclerosis improves cardiovascular risk stratification, but un-
certainty persists about the most discriminative method to ap-
ply. In this study, we found that the “atherosclerosis burden
score (ABS)”, a novel straightforward ultrasonographic score
that sums the number of carotid and femoral arterial bifurca-
tions with plaques, significantly outperformed common carot-
id intima-media thickness, carotid mean/maximal thickness,
and carotid/femoral plaque scores for the detection of coro-
nary artery disease (CAD) (receiver operating characteristic
(ROC) curve area under the curve (AUC)=0.79; P=0.027 to
<0.001 with the other five US endpoints) in 203 patients un-
dergoing coronary angiography. ABS was also more correlat-
ed with CAD extension (R=0.55; P<0.001). Furthermore, in
a second group of 1128 patients without cardiovascular dis-
ease, ABS was weakly correlated with the European Society
of Cardiology chart risk categories (R*=0.21), indicating that
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ABS provided information beyond usual cardiovascular risk
factor-based risk stratification. Pending prospective studies on
hard cardiovascular endpoints, ABS appears as a promising
tool in primary prevention.

Keywords Cardiovascular disease prevention -
Cardiovascular risk stratification - Atherosclerosis imaging -
Carotid intima-media thickness - Carotid plaques - Femoral
plaques - Coronary artery disease

Abbreviations

ABS Atherosclerosis burden score
ATS Atherosclerosis

CAD Coronary artery disease

CV Cardiovascular

C-IMT Carotid intima-media thickness
ESC European Society of Cardiology
IMT Intima-media thickness

RF Risk factors
UsS Ultrasound

Introduction

During the last two decades, ultrasound (US) screening for
presymptomatic peripheral atherosclerosis (ATS) has been
proposed as a useful mean to improve the ability of the current
algorithms to detect subjects at high risk of cardiovascular
(CV) events [1-4]. So far, the assessment of peripheral ATS
mainly concentrated on the measurement of intima-media
thickness (IMT) on predefined wall segments of carotid arter-
ies (carotid intima-media thickness (C-IMT)), and C-IMT
“alone” is considered as a surrogate of generalized ATS [5]
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and as an independent predictor of CV events and mortality
[1-3, 6-11], including in populations aged over 65 years [9].
However, the assessment of C-IMT is not considered more
than “reasonable” in current practice guidelines [12, 13],
mainly because of the lack of reference threshold values [14,
15] and because of the influence of non-ATS factors affecting
media thickness [16, 17]. Moreover, concerns have been
raised regarding the poor added contribution of C-IMT to
the estimation of an individual’s risk as compared to CV risk
factor (RF) alone [18], with low or even unsignificant “net
reclassification improvement” in the general population [19]
and in older people [20].

To circumvent these limitations and because ATS is a focal
disease that involves localized portions of the arterial wall and
spares adjacent segments, several authors proposed alternative
strategies based on the detection of ATS plaques on wider
arterial segments rather than the measurement of the IMT on
predefined arterial portions such as the far wall of the common
carotid arteries. The presence and burden of plaques have
been associated with CV events and mortality [1, 10,
21-31], but the arterial sites targeted for the detection of
plaques and the methods applied to quantify them highly var-
ied between studies. Most authors focused on carotid arteries
[1,10,23,24,26,27,29, 30, 32-34]. They reported plaques as
either present or absent [25, 31, 34, 35] or quantified them by
measuring their maximal thickness [9, 18, 30] or their total
trans-sectional area [24, 26, 32, 33], with [9, 18] or without
[30] combination with C-IMT. As opposed to C-IMT, carotid
plaques were recently found to provide a significant net re-
classification improvement for high-risk subject identification
on top of conventional CVRF [19].

On the other hand, only few studies investigated femoral
arteries, although their superficial location allows US imaging
with the same resolution as in carotid arteries [21, 22, 25, 28,
36, 37]. Considering that ATS is a focal disease with lesions
simultaneously or successively disseminated through the
whole arterial tree, combining imaging at both carotid and
femoral sites may offer additional information and enhance
the discriminative strength of arterial US to detect high-risk
subjects [21, 37]. In this study, we sought to investigate a very
straightforward and convenient US score of peripheral ATS
that we called “ABS”, or “atherosclerosis burden score”, and
that simply sums the number of carotid and femoral arteries
which display plaques.

In a cohort of patients referred for a first coronary angiog-
raphy, we first investigated the contribution of ABS to predict
the presence and severity of coronary artery disease (CAD) in
comparison to C-IMT, carotid plaque score, and femoral
plaque score. Secondly, in a separate cohort of outpatients
with no clinical evidence of cardiovascular disease (CVD),
we evaluated the agreement between ABS and CV risk as
assessed by the usual CVRF-based chart of the European So-
ciety of Cardiology (ESC).

Materials and Methods
Study Population

This study comprises two groups of patients. Group I included
203 consecutive patients aged 20—70 years referred to the
cardiology department for their first coronary angiography.
Coronary angiography was performed for acute coronary syn-
drome or angina pectoris in 71 % of subjects, preoperative
evaluation in the context of pericardial or valvular heart dis-
ease in 17 %, and cardiomyopathy investigation in 12 %.
Group II included 1128 consecutive patients (2070 years)
without clinical evidence of CVD that attended our institu-
tion’s ambulatory “lipid clinic” for the evaluation of their
CV risk. None of these subjects underwent coronary angiog-
raphy. Patients with diabetes mellitus or end-stage renal dis-
ease were excluded from both groups. All participants gave
written informed consent, and the protocol was approved by
the local ethics committee.

Cardiovascular Risk Factors and Risk Score

All patients were administered a physical examination and a
detailed questionnaire regarding demographic characteristics,
personal and family history of CVD, medical history, medica-
tion, and CVRF. Venous blood was drawn in the morning after
an overnight fast for the measurements of total plasma cho-
lesterol, high-density lipoprotein-cholesterol (HDL-C), and
triglyceride (TG) concentrations.

The risk factors taken into account were male sex, age
(>45/55 years in men/women), family history of premature
CVD (CVD in male/female first-degree relatives >55/
65 years), current cigarette smoking, hypertension (blood
pressure >140/90 mmHg or current use of anti-hypertensive
drug therapy), obesity (body mass index (BMI)>30 kg/m?),
high LDL-cholesterol (LDL-C) (=160 mg/dL or use of lipid-
lowering therapy), hypertriglyceridemia (TG>200 mg/dL),
and low HDL-C (<40 mg/dL).

Finally, a risk score category (low, moderate, or high risk)
was computed according to the current ESC guidelines [12].

Ultrasonography

All scans were performed by two experienced operators (PY
and MD) with a System 5 (Vingmed/General Electric, Mil-
waukee, Wisconsin, USA) connected with a 10 MHz linear
array transducer. For arterial wall analysis, the system was
equipped with the M’ATH software (Metris, Paris, France),
which performs semi-automatic measurements on frames. In
group II, ultrasonographic investigations were performed be-
fore patients underwent coronary angiography.

Both left and right carotid and femoral arteries were exam-
ined (four arterial sites). Carotid investigation included
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common carotid artery (CCA), bulb, and the origin of the
internal and external branches. Femoral arteries were exam-
ined from 4 cm above bifurcation spur to 4 cm in the superfi-
cial branch in addition to the origin of the profound branch.
All scans were acquired at a maximal depth of 4 cm, allowing
best resolution on screen [15].

According to current guidelines, standardized C-IMT was
measured on the far wall of both CCAs on a 10 mm segment
located 2 cm upstream from flow divider [15]. Optimal longi-
tudinal frames were frozen in late diastole before analysis with
the M’ ATH software. The recorded C-IMT was the average of
right and left mean thickness values measured along the whole
segments. Carotid “maximal thickness” (C-IMTmax) was de-
fined as the maximal IMT observed on all the above-
mentioned segments of the right and left carotid bifurcations
and carotid “mean maximal thickness” (C-IMTmax-mean) as
the average of the maximal thickness values measured on both
left and right carotid bifurcations.

ATS plaques were considered as focal wall thickening
>1200 um protruding into the arterial lumen [35, 36, 38,
39]. Plaques were looked for on the near and far walls in all
the above-described arterial segments by transversal and lon-
gitudinal scanning. Carotid/femoral plaque scores and ABS
were calculated by summing the number of arterial sites in-
volved with at least one plaque. Each site contributed to one
unit of the respective scores, which accordingly ranged from 0
to 2 for carotid/femoral plaque scores and from 0 to 4 for the
ABS.

Coronary Angiography

Coronary angiography was performed with standard Judkins
technique by cardiologists who were blinded to the ultraso-
nography results. The degree of diameter narrowing of coro-
nary vessels was visually estimated, and quantitative comput-
erized assessment was used in cases of mild stenosis. CAD
was considered as present if >1 segment of >1 epicardial ar-
tery carried a >30 % stenosis and was diagnosed in 130 pa-
tients. Forty-six had one-vessel disease, 45 had two-vessel
disease, and 39 had three-vessel disease. The remaining 73
subjects had no detectable coronary lesions or coronary steno-
sis <30 % and were considered as controls.

The severity of CAD was quantified using the Jenkins
score, which ranges from 0 to 32 depending on the degree of
stenosis of each coronary lesion and their extent on the coro-
nary tree [40]. The functional significance of CAD was eval-
uated using the Gensini score [41].

Statistical Analysis
All analyses were performed using STATA 8.0 (Stata Corp.,

College Station, Texas, USA) software, and graphs were gen-
erated with Sigmaplot 11.5 (Systat Software, Chicago,
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Illinois, USA). In order to allow comparison between the six
selected ATS markers, continuous variables were transformed
into categorical variables. Therefore, standardized C-IMT, C-
IMTmax-mean, and C-IMTmax were categorized into quar-
tiles. For the first aim of the study, receiver operating charac-
teristic (ROC) curves were used to compare the ability of
ABS, C-IMT, and carotid/femoral plaque scores to detect
CAD in group I. The imaging endpoints’ best threshold values
to identify CAD were considered as the quartile or the score
with the highest sensitivity and specificity summation (valid-
ity index (VI)). Spearman correlation tests were performed to
test the association between all ATS markers and CAD sever-
ity. For the second aim of the study, linear regression analysis
was performed to compare the association between ABS and
ESC risk categories, and Spearman correlation tests were done
to test the association between ABS and the other five US
endpoints.

Results

The demographic, clinical, and ultrasonographic characteris-
tics of both study groups are presented in Table 1. The patients
undergoing coronary artery angiography (group I) were sig-
nificantly older, had more hypertension, family history of pre-
mature CVD, obesity, and smoking habits, but they had less
hypercholesterolemia. Regarding peripheral ATS, group I pa-
tients showed thicker standardized C-IMT, C-IMTmax-mean,
and C-IMTmax, and they had more arterial sites involved with
plaques at both carotid and femoral levels.

US Endpoints and CAD

CAD was found in 130 subjects (64 %) in group I when
defined by the presence of >1 stenosis >30 % on >1 pericar-
dial vessel and in 117 (58 %) when defined by the presence of
stenoses >50 %. The six US endpoints were significantly as-
sociated with the presence of CAD, and the strongest correla-
tion was found for ABS (R=0.504, P<0.001). CAD incidence
increased from 11 % in subjects with ABS=0 to 87 % in
subjects with ABS=4. By contrast, standardized C-IMT was
only weakly correlated with CAD (R=0.164; P=0.02), with a
55 % occurrence in quartile 1 and 74.5 % in quartile 4. The
other US endpoints had intermediate correlation coefficients:
R=0.449 (P<0.001) for femoral plaques, R=0.399 (P<0.001)
for carotid plaques, R=0.387 (P<0.001) for C-IMTmax-
mean, and R=0.346 (P<0.001) for C-IMTmax.

ROC curve analysis showed that the US endpoint with the
largest AUC was ABS (AUC=0.79; 95 % CI 0.73-0.86),
which significantly outperformed the five other endpoints
(P=0.027 to <0.001 for AUC difference) (Fig. 1). On the
other hand, standardized C-IMT displayed the smallest AUC
(AUC=0.59; 95 % CI 0.52-0.67). The best threshold values
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Table1l Clinical, laboratory, and ultrasonographic characteristics of the
study population
Group I Group 11
Number of subjects 203 1128
Female sex (%) 63 (31) 444 (39)
Age >45 years (males)/>55 years 145 (71) 542 (48)**
(females) (%)
History of premature CVD (%) 61 (30) 180 (16)**
Hypertension (%) 122 (61) 427 (38)**
Current smoking (%) 60 (30) 332 (30)
BMI (kg/m?) 26.6+4.0 252+4.2
Obesity (BMI >30 kg/m?) (%) 37 (18) 124 (11)*
Total cholesterol (mg/dL) 213+46 267+77 **
LDL-cholesterol (mg/dL) 143+45 174£59%*
Hypercholesterolemia 91 (45) 781 (69)**
(LDL-C >160 mg/dL or treatment)
HDL-cholesterol (mg/dL) 52419 53+18
Subjects with HDL-C <40 mg/dL (%) 57 (28) 258 (23)

Triglycerides (mg/dL) (median) 160 171

Subjects with TG >200 mg/dL (%) 50 (24) 310 (28)

Standardized C-IMT 745+118 671+£116*

C-IMTmax 1917856 1043 £694**

C-IMTmax-mean 1609+708 904 +£52%*

Subjects with >1 carotid artery 158 (78) 336 (30)**
with plaque(s)

Subjects with >1 femoral artery 166 (82) 479 (43)**
with plaque(s)

ABS 2.7+1.32 1141 4%

Subjects with ABS >1 184 91) 571 (51)**

Data presented as mean+1 SD

CVD cardiovascular disease, BMI body mass index, 7G triglycerides,
ABS atherosclerosis burden score

*P<0.05

**P<0.01 for comparison between groups I and Il

of the six ATS markers and ESC risk score are displayed in
Table 2, with their respective sensitivity, specificity, and pre-
dictive values. These data show that ABS allows a 32 %
sensitivity-specificity gain as compared to standardized C-
IMT for CAD identification.

Finally, all US endpoints were correlated with the
number of affected coronary arteries as described by
one-, two-, or three-vessel disease [R=0.18 (P=0.01)
for standardized IMT; R=0.49 (P<0.001) for
IMTmean-max; R=0.43 (P<0.001) for IMTmax; R=
0.48 (P<0.001) for carotid plaque score; R=0.42
(P<0.001) for femoral plaque score, and R=0.54
(P<0.001) for ABS]. All markers were also significantly
correlated with CAD extension score (Jenkins score)
and CAD functional severity score (Gensini score) at
the exception of standardized C-IMT with the Gensini

ROC Curves for CAD

Sensitivity

0,0 0,2 0,4 0,6 0,8 1,0
1 - Specificity

— ABS AUC =0.79
Standardized C-IMT ~ AUC = 0.60; P<0.001

== e e C-IMTmean-max AUC =0.73; P=0.005

---------- C-IMTmax AUC =0.70; P=0.002

== e «==  Carotid plaques AUC =0.72; P=0.002
Femoral plaques AUC =0.73; P=0.027

Fig. 1 ROC curves and areas under the curves (AUCs) of the six US
endpoints for the detection of CAD in group L. P values are given for
comparison with ABS AUC

score (Figs. 2 and 3). Consistent with the ROC curve
analysis, the ABS showed the highest correlation with
both scores whereas standardized C-IMT displayed the
lowest correlation.

US Endpoints and CV Risk

All group II patients were categorized according to the
ESC risk score. The majority was graded as low [n=
812 (71.9 %)] or moderate risk [n=246 (21.8 %)], and
only 70 subjects (6.2 %) were high risk. Linear regres-
sion analysis showed that ABS was significantly associ-
ated with the risk categories (standardized [-coeffi-
cient=0.456; P<0.001). However, the proportion of
ABS variability accounting for ESC risk categories
was modest (R°=0.21), demonstrating that CV risk as
assessed by the CVRF-based chart of the ESC exerts
only mild explanatory effects on ABS. Along that line,
rather high burdens of ATS were observed in patients
classified in the low- (5.8/4.2 % of the subjects with
ABS 3/4) and moderate-risk categories (17.9/20.2 % of
the subjects with ABS 3/4), underlying the low
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Table 2  Sensitivity, specificity, predictive values, and validity index of the six US endpoints at their best threshold value for the detection of CAD
(group I)

Best threshold value Sensitivity Specificity Positive pred value Negative pred value Validity index
Standardized C-IMT Quartile 3 0.58 0.6 0.72 0.44 1.18
C-IMTmax-mean Quartile 3 0.63 0.73 0.81 0.52 1.36
C-IMTmax Quartile 3 0.62 0.67 0.77 0.5 1.29
Carotid plaque score 2 Plaques 0.64 0.73 0.74 0.69 1.36
Femoral plaque score 2 Plaques 0.76 0.64 0.79 0.6 1.4
ABS 3 Plaques 0.78 0.71 0.83 0.65 L5

concordance between the burden of asymptomatic pe-
ripheral ATS and CVRF-based risk categories (Fig. 4).
Finally, in group II, ABS was poorly correlated with
standardized C-IMT (R=0.47; P<0.001) and moderately

Fig. 2 Correlation between the
six US endpoints and the Jenkins
CAD severity score in group [

@ Springer
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Fig. 3 Correlation between the Standardized C-IMT Carotid plaque score
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Discussion

The purpose of this study was to investigate the ABS as a new
straightforward and convenient score of ultrasonographically
assessed peripheral ATS which may ultimately be clinically
used as a tool for cardiovascular risk assessment.

An important prerequisite for a new marker to be helpful in
the prediction of CV events is that it also predicts the presence
and extension of coronary ATS, which stands as the necessary
background for eventual acute ischemic events at the heart
level. In this study, we found out rather large variations in
the association between the different investigated peripheral
ATS endpoints and angiographically defined CAD, but ABS
consistently came out as the marker with the strongest predic-
tive power for both the presence and extension of CAD. We
hypothesize that the focal nature of ATS, which allows healthy

wall segments to appear between diseased arterial portions
explains why ABS outperforms standardized C-IMT, which
is measured on a predefined wall segment of the common
carotid artery that may actually be free of plaques. We also
hypothesize that the disseminated nature of ATS, with lesions
simultaneously or successively scattered throughout multiple
locations across the arterial tree, explains why the accounting
of US endpoints collected in four different sites helps to in-
crease accuracy in the prediction of CAD as compared to
endpoints taken at two sites (two carotid sites or two femoral
sites).

In this study, we have chosen a 30 % stenosis cutoff for
CAD diagnosis because most coronary plaques with large
necrotic cores and thin fibrous caps that are at the origin of
acute coronary events do not present with high degrees of
stenosis [42]. However, thanks to compensatory vasodilation
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mechanisms, large amounts of ATS may accumulate in the
coronary wall before any lumen encroachment becomes evi-
dent on angiography [43]. This technical limitation unavoid-
ably lessens specificity for all US endpoints including ABS.
Another limitation of our approach is that the correlation be-
tween ABS and CAD was mostly derived from symptomatic
patients that are not representative of the population targeted
for the use of ABS in a primary prevention setting. The supe-
riority of ABS for CAD prediction seen in this group consti-
tutes an important rationale to investigate ABS in further pro-
spective studies with hard CV endpoints.

A second important prerequisite for a new marker to be
helpful in enhancing the accuracy of cardiovascular risk pre-
diction is that the information it provides does not overlap
with the already existing information. Actually, we believe
that the non-invasive detection of subclinical ATS like ABS
can only be used in addition to the current risk factor-based
charts and not in replacement of them. Along that line, ABS
should add to the information provided by the traditional risk
factors and ultimately allow to reclassify patients in more ac-
curate risk categories. In a collective of 1128 consecutive
asymptomatic individuals attending our lipid clinic for evalu-
ation of their CV risk, ABS was only mildly associated with
the CV risk categories as determined by the currently recom-
mended CVRF-based charts of the ESC, indicating that the
information provided by both evaluations are quite different
and may be complimentary to each other. In the supposed
“low- and moderate-risk™ groups that still constitute the ma-
jority of patients with myocardial infarctions [44, 45], we
found respectively 10 and 38.1 % of subjects with ABS scores
>3. It appears likely that such a high burden of asymptomatic
ATS may enhance the apparent risk of CV event and charac-
terize subjects that may benefit from intensive therapy. The
rationale underlying discrepancies between ATS burden and
CVRF-based risk prediction is unclear. However, ATS

Distribution of the ABS according to ESC risk category
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o
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development relies on many more factors than those included
in the risk assessment charts. For instance, inflammation and
metabolic syndrome, which are of paramount importance as
trigger of CV event and disease amplifier [46, 47], are missed
in charts. On the other hand, genetically mediated or nutrition-
al factors with anti-atherogenic effects may also lessen the
burden of ATS despite apparently high risk [48, 49].

Conceptually, ABS is a very convenient score that simply
depicts the sum of four sites involved with ATS out of both
right and left carotid and femoral arterial beds. Its practical
advantage relies on the requirement of a qualitative instead
of quantitative assessment of the investigated vascular sites
(i.e., ATS yes or no). As compared to standardized C-IMT,
ABS does not require any expensive additional software for
automated edge detection and serial measurements on a very
small arterial wall segment. Also, as compared to thickness-
based markers of plaques, ABS does not require any repeated
assessments of numerous plaques that may appear equally
thick in a patient with several lesions on a single arterial site
and is not subject to measurement errors due to beam angula-
tion, especially when done by less experienced investigators.
Finally, the assessment of the simple presence or absence of
ATS lesions is generally quite obvious and straightforward,
and ABS can generally be assessed in no more than 10 min.

Consistent with our findings, several studies have shown
that the US detection of ATS in femoral arteries provides
additional information regarding CV risk as compared to in-
vestigation limited to carotid arteries [21, 22, 36, 37]. Actual-
ly, as already noted in the CAFES-CAVE study, Davidsson
et al. showed that the occurrence of plaques at carotid or fem-
oral levels had similar predictive value for CV events [21, 37]
but that the occurrence of plaque in both carotid and femoral
arteries increased the risk further (OR 2.09/1.99 for carotid/
femoral plaques and 2.62 for bi-level plaques). Of note, in the
CAFES-CAVE study, 30 % of the subjects with normal carot-
id arteries had femoral plaques, which is concordant with our
data where 29.6 % (235/792) of the patients with no carotid
plaques had yet femoral ATS. More recently, Postley et al. also
noticed that failure to interrogate femoral in addition to carotid
arteries would have missed 56/31 % of low to intermediate-
risk women/men with subclinical ATS [50].

Nevertheless, only few studies combined carotid and fem-
oral investigations by simply scoring the number of arterial
sites involved with plaques. In agreement with our findings,
two case-control studies reported that odds ratios for
established CVD increased with the number of carotid/
femoral sites involved with plaques (OR=1.79 with ATS on
one site and 14.4 with ATS on four sites in the study by
Tartiére et al., and OR=3.1 with ATS on one site and 31.08
with ATS on four sites in the study by Griffin et al.) but not
with C-IMT in the study by Tarti¢re et al (OR=0.95 for one
SD increment of IMT) [25, 31]. Griffin et al. further found that
the association between the number of sites with plaques and
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prevalent CVD persisted after adjustment for CVRF as op-
posed to C-IMT [31]. In this report, the occurrence of plaques
in three and four sites also outperformed carotid maximal
plaque thickness and total plaque thickness in combined ca-
rotid and femoral arteries. In regard to these works, our study
further defines that high ABS scores (>3), which corresponds
with plaques on three and four sites in the studies by Tartiére
and Griffin, can occur with a fairly high prevalence in sup-
posed low- or intermediate-risk asymptomatic subjects and
that this score is useful to predict CAD.

In conclusion, our study shows that a convenient score of
subclinical ATS that accounts for both the focal and dissemi-
nated nature of ATS like ABS highly predicts CAD occur-
rence and extension and outperforms usual US-based end-
points like C-IMT and carotid/femoral plaque scores. Further-
more, ABS provides further information as compared to our
usual way of CV risk prediction and appears as a promising
alternative to C-IMT to enhance the accuracy of our current
risk assessment charts. Of course, prospective studies on hard
cardiovascular endpoints are still needed to confirm the inter-
est of this new marker in preventive cardiology.
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