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Abstract

Background: Subclinical arteriosclerotic lesions at the carotid and femoral bifurcations may be related to the occurrence of
future cardiovascular events and of occult arteriosclerotic coronary disease. B-mode ultrasound of carotid and femoral
arteriosclerotic bifurcation lesions may provide a simple screening method to select asymptomatic subjects at risk of future events.
Methods and results: 13 221 low-risk, healthy, asymptomatic individuals were included in a 10-year, prospective, follow-up based
on carotid and femoral bifurcation morphology defined by B-mode ultrasound. Four classes were considered at inclusion (I:
normal wall, II: wall thickening, III: non-stenosing plaques, IV: stenosing plaques). When 10 000 subjects (75.6% of included
subjects; 6055 males, 3945 females) completed the 10-year follow-up the study was concluded. At 10 years there were 10 events
(out of 7989 subjects) in class I and 81 events in II (930 subjects; incidence=8.6%); 239 events were observed in class III (611
subjects; 39.28%) and 381 events (470 subjects; 81.06%) in IV; 61 deaths occurred in classes III+IV (1081 subjects) producing a
death rate within these two classes of 5.5% (51 out of 61=81.5% in class IV). The increased event rates in classes III and IV were
significant (log rank; P�0.02) in comparison with I and II. Conclusions: Carotid and femoral morphology identified 2011 subjects
(20.1% of the population) in classes II, III, IV including 98.6% of cardiovascular events and deaths in the following 10 years. A
higher (P�0.05) rate of progression in classes III and IV in comparison with I and II was also observed. The ultrasound carotid
and femoral classification was useful in selecting subjects at very low risk of cardiovascular events (class I), those at limited risk
(class II) and a group at moderate risk (class III). A subpopulation at high risk of cardiovascular events (IV) was identified.
© 2001 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

B-mode ultrasound of the arterial wall is used as a
non-invasive method to study and follow-up subclinical
arteriosclerosis. Intima-media thickness (IMT) increase
in the carotid artery is considered an indication of
diffuse arteriosclerosis, often involving coronary arter-
ies [1–5] and is related to the presence and severity of
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risk factors[3,6–9]. The British Regional Heart Study
(BRHS) risk score, derived from the evaluation of risk
factors (smoking, blood pressure, ischaemic heart dis-
ease, diabetes mellitus, family history, angina[10]) is
related to commom carotid IMT (r=0.56) [6]. The
BRHS score identifies a population with a high inci-
dence of events on follow-up but only 40% of the total
events occur in this high risk subgroup while 60% occur
in the rest of the population [6]. Thus, risk factors,
while etiologically important [11–13], cannot be consid-
ered as the ideal method for screening a population of
asymptomatic individuals to identify subjects at higher
risk of future cardiovascular events [6,10]. IMT mea-
surements are mainly used to evaluate arteriosclerosis
progression [14–17]. Recently a morphological classifi-
cation of carotid and femoral arterial wall changes
detected by high resolution ultrasound [7,8,18–22] has
been developed. The evaluation of both bifurcations
may be an earlier and more accurate indication of
global arteriosclerotic disease than common carotid
artery IMT evaluation. Some 50% of the individuals
with small, non-stenosing carotid plaques have no in-
crease in common carotid IMT (which may be �0.6
mm) [19] and a previous, 6 year follow-up study [18]
has indicated that the morphological classification may
be a better indication of the risk of cardiovascular
events than IMT measurement alone [20,21,23].

The aim of this prospective study was to apply the
ultrasonic classification of carotid and femoral artery
wall arteriosclerotic changes (Table 1) in a population

of asymptomatic individuals to determine in a 10-year
follow-up the cardiovascular event rate associated with
each class.

2. Methods

2.1. Study population

A randomly selected population sample of 14 300
healthy, asymptomatic individuals, living in Abruzzo
(central-east Italy) in the province of Pescara, was
recruited. The non-invasive technique developed to
study the arterial wall ultrasound was explained to each
subject.

Subjects were selected from the town poll list. One
out of six in the town general election list was contacted
and invited to join the study; 85% accepted to be seen
and were included into the study.

All subjects gave their informed consent to the study.
The recruitment period was 26 months. Out of the
subjects available to the study, individuals aged be-
tween 35 and 65 (13 221) were included in the follow-
up. The study was terminated when 10 000 subjects
completed a 10-year follow-up.

2.1.1. Exclusion criteria
Subjects with clinical diabetes or any cardiovascular,

renal, metabolic problems or genetic diseases were ex-
cluded. The aim of the study was the evaluation of the
occurrence of cardiovascular events in a group of
healthy subjects in our population. Subjects with an
ankle/brachial index (measured with a standard, 12 cm
wide blood pressure cuff, at the posterior tibial artery)
lower than 1.0 were also excluded [7–18].

2.2. Blood pressure

Resting blood pressure was measured phonographi-
cally in the right arm after 30 min of supine rest at the
time of the ultrasound examination. A standard sphyg-
momanometer was used. The measurements were calcu-
lated to the nearest 1 mmHg and blood pressure was
considered to be the mean of two recordings [15,23].
Subjects with hypertension were excluded on the basis
of: history of clinical hypertension; systolic pressure
(average of four measurements) �160 mmHg or mean
diastolic pressure �95 mmHg; use of antihypertensive
medication. In doubtful cases a 24 h ambulatory moni-
toring system (Medilog) was used to diagnose hyperten-
sion [24,25]. Hypertensive subjects were excluded.

2.3. Smoking

At inclusion and at the end of the study, information
on smoking habits was obtained using a self-adminis-

Table 1
The carotid and femoral ultrasound arterial wall morphology classifi-
cation

Carotid-femoral arterial wall ultrasound morphologyClasses

IA Normal: Three ultrasonic layers (intima-media and
adventitia) clearly separated. No disruption of
lumen-intimal interface for at least 0.5 cm.

IB Initial interface alterations: Lumen-intimal interface
alterations and continuity loss at intervals of less than
0.5 cm.

II Intima-media granulation (loss of linear aspect of the
interfaces with granular evolution and increased
echogenicity of deep, normally unechoic intimal-medial
layer. And/or: increased IMT (�1 mm) at the thickest
section.

III Plaque without hemodynamic disturbancea: wall
thickening (IMT�1 mm) and irregular, increased
echogenicity involving all ultrasonic layers.

IV Stenotic plaque: stenosis on duplex (sample volume in
the centre of the lumen) indicating stenosis �50%)b.

a Hemodynamic disturbance: Moderate spectral broadening (down-
stroke of systole). Systolic window present. Diastolic window reduced
and/or absent. Ratio a−b/a �0.5 (where: a is the peak systolic
velocity, b first peak end-systolic velocity).

b Peak frequence �4 kHz and spectral broadening throughout
systole. No systolic window; a−b/a ratio �5.
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tered questionnaire. The total number of years of
smoking was multiplied by the average number of
cigarettes smoked daily. The product of this calculation
was defined as cigarette-years [15].

2.4. Risk factors and biochemical analysis

Risk factor measurements were carried out at the
baseline, inclusion examination to exclude diabetic sub-
jects, subjects with hyperlipidemia (cholesterol �5.2
mmol/l at three separate measurements) and hyperten-
sive patients. Blood was drawn within 2 weeks before
ultrasound scanning. The main lipoprotein fractions
(VLDL, LDL and HDL) were measured. Only patients
with blood tests within the normal range were included.
Normal values (and inclusion criteria) for our popula-
tion were considered to be: total cholesterol �5.2
mmol/l (�2 g/l), LDL cholesterol �3.4 mmol/l (�
1.30 g/l), HDL �0.9 mmol/l (�0.35 g/l), triglycerides
�2.3 mmol/l (�2 g/l), fibrinogen �0.012 mmol/l
(�4 g/l) and glucose 3.9–5.5 mmol/l (0.7–1.0 g/l).

2.5. High resolution ultrasound of the arterial wall

The carotid and femoral arterial bifurcations were
studied with an ATL Ultramark 4 duplex scanner using
a high resolution, 7.5 MHz linear transducer. After
localising the carotid and femoral bifurcations by a
transverse scan, the probe was rotated 90° to obtain
and record a longitudinal image of both the anterior
and posterior wall. The far wall was localised and
defined. As the ultrasound image definition of the far
wall is higher [8,9,14,22] than the near wall definition,
only observations of the far wall were considered in this
study. The carotid artery was evaluated for a length of
about 3 cm (1.5 cm proximally and distally to the flow
divider) [18,20–22]. The common femoral artery was
examined at the femoral bifurcation and scanned for a
length of 3 cm (1.5 cm proximally and distally to the
flow divider). By this technique, the three ultrasonic
vessel wall layers (intima-media, adventitia and periad-
ventitia) were clearly visible. At outset, technical ultra-
sound parameters (dynamic range, depth range, power,
reject, edge, grey scale and smooth) were predefined
[7,8,20], and maintained constant at the beginninig of
each test. However, gains were adjusted according to
the need of imaging to optimise the best image. The
same equipment (ATL Ultramark 4) and probes were
used during the 10-year follow-up. The initial classifica-
tion [8,18,19] included five classes corresponding to five
scores (Table 1)[7,8,18,19] ranging between 0 and 8 for
each artery. The subject’s ultrasound score is obtained
by adding the score of four arteries. During the first
year of the study all classifications were revised by
evaluating VHS tape-recordings of the scans. However,
after 12 months all class attributions were directly

established during scanning from on-line, screen evalua-
tion as no difference had been found between the
on-line, real-time classification and the VHS derived
classification [18,21,24]. All operators performing the
scanning were physicians with at least 2 years postgrad-
uate clinical experience and experience with all types of
non-invasive investigations, particularly B-mode, du-
plex and colour duplex scanning. Before the beginning
of this study all operators had personally studied at
least 3000 patients with vascular problems with B-mode
ultrasound, duplex and/or colour duplex scanning. All
scans were repeated according to the same procedure
every 2 years.

2.6. Reproducibility studies

2.6.1. Intraobser�er �ariability [18,19,21,24]
One hundred subjects (20 from each class, four arter-

ies per patient) were examined on two different occa-
sions within 10–15 days to estimate the intraobserver
variability of ultrasound tape recording and class attri-
bution. The two recordings and class attribution were
performed by the same physician who was unaware of
the result of the first examination. The coefficient of
variation was on average 5% (four arteries not correctly
classified in the lower or higher class out of 80 arteries
in each class).

2.6.2. Interobser�er �ariability
The results from a study of interobserver variability

of ultrasound classification have already been reported
[18,19,24]. At the beginning of this study, interobserver
variability was comparable to the intraobserver vari-
ability or lower. The error in class attribution in 100
recordings (100 patients) blindly read and classified by
four different observers — unaware of the identity of
the subjects under evaluation — was 2.75% (11 classifi-
cation discrepancies of one arterial morphology class
out of 400 studied recordings).

2.7. Plan of the study and endpoints

At inclusion all subjects were studied with a clinical
cardiac and vascular assessment including Doppler an-
kle pressure index and resting electrocardiogram. Each
individual was placed in a class according to the worst
artery at inclusion (Table 1).

Endpoints of the study were considered to be:
1. The development of cardiovascular events or death

from a cardiovascular event.
2. Completion of the 10-year follow-up.

Secondary endpoints were progression from one class
to more advanced classes or regression from one class
to less advanced classes (detected on the scans repeated
every 2 years).
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Exit points were loss to follow-up (patients who did
not want or failed to come back for follow-ups, for
non-medical reasons, ascertained by direct contact or
by telephone), death from causes other than cardiovas-
cular events, any acute or chronic clinical condition
(i.e. neoplastic disease) requiring major surgery, treat-
ment or severely altering lifestyle and the need to use
any drug treatment for more than 1 year [25,26].

2.8. Cardio�ascular e�ents and deaths

Subjects were followed up with a clinic visit and a
questionnaire, and evaluated for medical events. ECGs
were routinely obtained as part of the annual basic
clinical examination. A cardiovascular event was
defined as the development of cardiovascular signs and
symptoms and/or complications related to arterioscle-
rosis requiring hospital admission and treatment. The
following clinical coronary events were tabulated: oc-
currence of ECG-documented angina, non-fatal, acute
MI and coronary death, and requirement for revascu-
larisation. Silent MI noted by ECGs obtained at an-
nual follow-up examinations were not counted as
clinical events. Diagnosis of MI was made by a cardi-
ologist and defined as the presence of two of the
following three criteria: typical chest pain, positive cre-
atine phosphochinase-MB, and presence of a new Q
wave on the ECG. Cause of death was defined from
hospital records or from information obtained from
the family and verified by death certificate[20,27,28].
Cerebrovascular events [28] were TIAs or strokes
defined by a neurologist with the aid of CT or MR
scans [18,20,21], while peripheral vascular events (oc-
currence of claudication, ischemic pain or signs of
embolisation and occurrence of aneurysms) were deter-
mined by an angiologist or vascular surgeon using
color duplex, Doppler ankle-brachial index and a
treadmill test (if indicated). Cardiovascular events and
deaths considered in this study were all associated with
hospital admission, with a diagnosis of cardiovascular
event defined by a panel of two angiologists, two
vascular surgeons and a moderator (cardiologist) on
the basis of available clinical files and investigations. A
consensus opinion was reached concerning the worst
class, the ultrasound score and the direction for change
(progression or regression) [29]. The panel also
analysed unconfirmed diagnoses and minor events (not
requiring hospital admission) or any treatment used
during the study. These were not considered as end-
point cardiovascular events and the patients continued
the follow-up. Deaths documented or diagnosed as
being of cardiovascular origin related to atherosclerosis
were also considered (after panel evaluation) as cardio-
vascular endpoints. Patients were excluded from the
follow-up study after the development of the first car-
diovascular event.

2.9. Progression

Scanning was repeated every 2 years.
Progression was evaluated by considering the varia-

tion between the worst (most advanced) arterial lesion
and the relative class.

Considering the worst class (the worst of any of the
four arteries) as the patient’s class, the rate of progres-
sion in 10 years was defined (in panel evaluation) as
the percentage of patients progressing (in each one of
the four studied vessels) to a more advanced arterial
ultrasound class in 10 years.

Progression from class IV was defined by the pas-
sage to symptomatic cardiovascular disease. Regres-
sion (passage from a more advanced class within any
of the four arteries to a lower class) was also recorded.

2.10. Statistical analysis

Statistical analysis was performed with SPSS and
HGIII for Windows 95 and the SOLO Statistical Sys-
tem (BMDP Statistical Software, Inc., USA). The
Mann-Whitney U-test was used for comparison among
the variables reported in Table 1, and 95% confidence
intervals were also calculated. A trend in the contin-
gency table test was used to analyse the differences
between class distribution and the occurrence of car-
diovascular events. The proportion of smokers (never,
past or current) within classes was compared using a
�2-test.

The logrank test was used to test the difference in
the event-free cumulative survival rates in each class
within the 10-year follow-up. Two-sided probability
values lower than 0.05 were regarded as statistically
significant.

3. Results

A total of 14 290 asymptomatic subjects were seen
with the aim to include them into the study; 1070
either refused to be included or were unsuitable ac-
cording to the exclusion criteria; therefore 13 221 sub-
jects were admitted into the study. Details of the
included population are shown in Table 2. Patients in
each class were comparable for age, sex distribution
and other characteristics (excluding smoking). The dis-
tribution of the subjects according to ultrasound
classes, incidence of events and progression of arterial
changes during the follow-up period are summarised in
Table 3. The study was concluded when 10 000 sub-
jects (76.2% of the included subjects; 6055 males and
3945 females, mean age 53.2�6.3) out of the 13 221
included subjects either completed the follow-up or
had a cardiovascular event.
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Table 2
Baseline (inclusion) Anthropometric Data, Blood Pressure, Heart Rate and Smoking Habits of the 10000 Subjects Completing the 10-year follow
up.Only subjects with blood test within the normal range were includeda

Variable (number of subjects and %) TotalClass

III III IV
930 (9.3%) 611 (6.1%) 470 (4.7%)7989 (79.9%) 10 000

Age 53.5�11 51�14 53.3�9 52.2�6
539/391 344/267 242/228Male/female 6055/30454930/3059
171�6 167�8171�8 169�7Body height, cm

71�10 75�6Body weight, cm 75�771�8.5
25.28 26.824�49 26.5BMI, kg/m2

112�10SBP, mmHg 118�14 124�13 129�12
72�10 75�1472�7 74�12DBP, mmHg

71.5�8.5HR, BPM 73�13 73�16 75�10
33 36 38Current smoker,% 25.5
43 3044 32Never smoked,%
24 34 30Past smokers,% 30.5

5212 5883Total cigarette-years 58944167

a BMI indicates body mass index; SBP and DBP, systolic and diastolic blood pressure; HR, heart rate; BPM, beats per minute. All values are
given as mean and SD except gender and cigarette smoking data.

3.1. Drop-outs

The rate of drop-out for reasons not related to
cardiovascular events increased with increasing risk of
cardiovascular events as follows: class I, 22%; class II,
27.3%; class III, 32%; and class IV, 40.6% (Table 3).
The 3221 patients lost to follow up for non-medically
related problems were comparable for age and sex
distribution (52�11; M:F=1812:1409) to those who
completed the study (Table 2 and Table 3).

Table 3 shows that the percentage of subjects lost to
follow-up was greater in class IV. The reason for the
increased drop-out rate was identified in the fact that
we sent letters, after first observation, to the general
practitioner (GP) in charge of the studied individual
explaning ultrasound findings. Our protocol was in-
tended as a pure observational study. However, a num-
ber of GPs initiated treatments (even in absence of
signs/symptoms). There was an increasing percentage of
treated subjects with increasing levels of arterial lesions.
These patients were considered a loss as in the follow-
ing years it would have been difficult or impossible to
understand whether arterial changes and events were
due to natural progression. Anyway the observational
study in these patient was not a natural one anymore.
Drop-out rate was 22% in class I (1% due to treat-
ments); 27.3% in class II (4.3% due to treatments), 32%
in III (10% due to treatments) and 40.6% in IV (26%
due to treatments). Therefore, the real drop-out rate
due to real loss to follow-up (and not to treatments)
was 21% in class I, 23% in II, 22% in III and 26% in IV
(these differences are not statistically significant).

3.2. Clinical e�ents

There were 10 events out of 7989 subjects in class I at
10 years. No events were observed in IA-subjects
(63.3% of the study population). All events were ob-
served in an IB-subject. Event rate was 8.6% in class II
(81/930), 39.1% in class III (239 events in 611 subjects)
and 81.06% in class IV (381/470). While only 10 events
were observed in class I, 701 events occurred in the
2011 subject in classes II, III and IV, corresponding to
an event incidence of 34.85%; 620 of the 701 events
(including 61 deaths) occurred among the 1081 subjects
in classes III and IV (10.8% of the population) produc-
ing an event incidence of 57.35% (620 events in 1081
subjects). Details of the events are shown in Table 4.
The 61 cardiovascular deaths (0.61% of the population
sample) occurred in classes III and IV (5.6% of subjects
in these two classes). The cumulative event-free survival
rate of the classes is shown in Fig. 1. The lower
event-free rate in classes III+IV in comparison with
classes I+II was significant (logrank test; P�0.001).
The event-free rate in classes III and IV in comparison
with classes I and II was significant (logrank test;
P�0.01 for all comparisons). According to these ob-
servations the carotid and femoral ultrasound classifica-
tion identified 2011 higher risk subjects in classes II, III
and IV (20.1% of the included population) affected by
all deaths and 98.6% of all events.

The percent of subjects with cardiovascular events
who underwent interventional or surgical procedures
(within one year after the initial event) is also shown in
Table 4(B). In classes I+II+III, 31% of patients with
events underwent surgical or interventional cardiac pro-
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cedures (within 6 months after the event; procedures
were performed in 34.1% of patients with cerebrovascu-
lar events and in 12.63% of patients with peripheral
vascular diseases and aneurysms).

3.3. Progression

One thousand and sixty two (10.6%) subjects pro-
gressed to a higher class in 10 years (Table 3). The more
advanced the initial class, the higher was the rate of
progression ranging from 3% among class I subjects to
87.02% in class IV (development of symptomatic dis-
ease). In 27 subjects in class IV one artery (13 carotids
and 14 femoral arteries) was in a lower class at the end
of the study in comparison with morphology at inclu-
sion. However, regression (the passage from the most
advanced class within four arteries to a lower one) was
not observed.

3.4. Smoking

The total cigarette-years number was significantly
higher (P�0.02) in classes II, III and IV in comparison
with class I. The cumulative cigarette-years number
relative to classes III+IV was higher than the cumula-
tive cigarette number of class I (P�0.05). The initial
choice of including smokers in a group of low-risks
subjects was mainly due to the relative frequency of this

risk factor in our population and the beginning of the
study. It is interesting to observe that while the percent-
age of current smokers was 33% at inclusion, at the end
of the study this pecentage was reduced to an average
of 21 in classes I-II, while it was increased to an average
of 35 in classes III and IV.

3.4.1. Differences between femoral and carotid arteries
In 51% of subjects the carotid was the worst (most

advanced) artery and in 52.4% the right (carotid or
femoral) arteries were more advanced than the left.
Therefore combining data from both carotids and
femorals has the benefit of a wider sampling, overcom-
ing the problem of not detecting a more advanced
lesion in the femoral i.e. when looking at the carotids
only.

No difference between carotid and femoral arteries in
predicting events was observed. Carotid or femoral
lesions have comparable power in predicting different
types of events and CHD, CVD or PVD. Scanning only
carotids or only femorals is less predictive (fewer events
are predicted). On average only-carotid or only-femoral
scans predict respectively 15 and 13% less events (as the
worst lesion may be in the other arteries). Scanning
four arteries predicts on average 14% more events than
one pair of arteries only. This is equally true for
coronary (13%), cerebrovascular (15%) or peripheral
vascular events/disease (14%). Scanning only one side

Table 3
Details of the population (age range 35-65 mean age 52.7�6.3) and ultrasound classification groups. Progression to a more advanced class is also
indicated

Subjects lost to Cardiovascular events andClass Population ProgressionSubjects with
follow-upscreened and %a number and %% in each group10-year follow-up

226110250 (78.1%)I 7989 10 (0.13) 240 (3)
1280 (9.7%) 350 930II 81 (8.6) 152 (16.3)
899 (6.8%)III 261 (42.7)288 239 (39.28)611

IV 409 (87)381 (81.06)470322792 (6.02%)

13221 711 (7.11) 1062 (10.6)3221bTotal 10000

Class comparisons (differences for
de�eloping cardio�ascular e�ents)

PStatI vs II Z-value
−4.21 −2.89Peto/Wilcoxon 0.0038

Log/Rank 0.0037−2.89−4.27

II vs III
−11.5 −4.6Peto/Wilcoxon 0.0000

Log/Rank −12.65 −4.6 0.0000

III vs IV
−9.73 −3.48Peto/Wilcoxon 0.0006

−14.6 −3.93 0.0001Log/Rank

a Percent of the included population sample.
b The 3221 patients lost to follow-up (for non-medical problems) were comparable for age and sex distribution (52�11; M:F=1812:1409) to

the group of subjects completing the study.
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Table 4
A: Cardiovascular events in detail

Cardiac MI Cerebral strokes PeripheralTotalClass Deaths
vascular eventsa

10I 010 0 0
II 81 71 8 2 0

168III 48239 23 10
238 73 70381 51IV

711Total 487 129 95 61

B: Percent of patients with inter�entional methods or surgical
treatment

Cerebral PeripheralCardiac
vascular

0 0Class I 10
129 (34.1) 95 (12.63)477 (31)Class I–II–III

a Including abdominal aortic and peripheral aneurysms.

(1 ipsilateral femoral+carotid) also predicts on average
13% fewer events. The cost of scanning both carotids
and femoral is only 6% more than scanning only a
couple of arteries as the most important component of
cost is equipment-time (which increases only by 3–5
min when scanning four instead of two arteries).

4. Discussion

The prevalence of subclinical atheromas is generally
related to age [17,19,21]. Some 10% of men have ultra-
sonographic signs of early atherosclerosis at the age of
40. Such lesions are observed in over 80% of subjects of
60 years of age[17]. The importance of arteriosclerotic
lesions in predicting future cardiovascular events is still
under evaluation. Arteriosclerosis progression studies
using angiography have determined the incidence of
advanced arteriosclerosis and their correlation with risk
factors[30] but studies evaluating progression in sub-
clinical arteriosclerosis cannot be based on angiography
(small plaques may not be visible on angiograms and
large studies are not feasible considering costs and
risks) [17]. Ultrasonographic assessment has been suc-
cessfully used in the study of the prevalence and pro-
gression of extracoronary arteriosclerosis
[11–13,17,20,21], being practical, reliable and cost-ef-
fective for population studies and suitable for monitor-
ing progression or regression [2,3,6–8,14,23].
Ultrasound imaging of the common carotid and IMT
measurement have been used in progression studies and
in studies comparing IMT with risk factors. However
subclinical atherosclerosis appears much more often
and earlier[22] at bifurcations (i.e. carotid or femoral)
than in the common carotid [20,21]. It has been ob-
served [18–22] that 65% of subjects in classes I, II and
III have a normal, according to age, common carotid

IMT (�1 mm) [18,20,21]. A normal common carotid
IMT was observed in 74% of subjects in class II, in 54%
of subjects in class III and in 44% of subjects in class
IV. In class IV a normal IMT may be associated with
bifurcation plaques which in a short period (1 or 2
years) may cause signs and symptoms [7,18–22]. Fur-
thermore, 30% of patients with normal carotid arteries
have femoral arteriosclerotic lesions. The assessment of
femoral and carotid bifurcations offers a more global
view of the arteriosclerotic status of the subject[15,22],
and it is possibly a better and earlier indication of
subclinical arteriosclerosis [8,18–22] than common
carotid IMT measurements.

There is a need for a simple, non-invasive test useful
to screen from the asymptomatic population subjects at
higher risk of cardiovascular events[20,22,31]. Accord-
ing to the results of our study, the carotid and femoral
classification of subclinical arteriosclerotic lesions sepa-
rates asymptomatic subjects into groups at different
risk of cardiovascular events. Previous studies [8,18–22]
indicated that arterial wall morphology is also predic-

Fig. 1. Percent of event-free subjects in the four ultrasound carotid-
femoral classes in the 10-year follow-up (logrank test). The cumula-
tive event-free survival rate of the different classes is shown. The
decreased event-free rate in groups III and IV in comparison with
classes I and II was significant (log rank test; P�0.001).
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tive of the presence of silent ischemic coronary disease
(ECG effort tests revealed a progressive incidence of
silent coronary ischemic disease from zero in class I to
45% in class IV). Subjects in classes III and IV not only
have an increased risk of events in the following years
but their rate of progression of arteriosclerosis is in-
creased. A low cost, non-invasive screening method for
subclinical arterosclerosis must isolate from the asymp-
tomatic population subjects at high risk of cardiovascu-
lar events [18,20,21] and select those at low risk of
events (the largest part of the population) who need less
attention and surveillance. Screening for blood lipids is
important but it indicates only a partial factor in a
multifactorial disease [31–33]. Combination of tests
(ECG, cardiac ultrasound, carotid artery wall thickness
and stenosis, decreased ankle-brachial pressure index, a
Rose questionnaire for angina or intermittent claudica-
tion) is expensive and more useful to quantify the
prevalence of more advanced arteriosclerosis [33,34].
The ankle-arm Doppler index has been used as a
marker of arteriosclerosis. Decreases in the index indi-
cate increased risk of cardiovascular disease [19,33,34],
but this test is also, mainly useful for advanced, sub-
clinical atherosclerosis. In earlier phases of arterioscle-
rosis (i.e. classes I to IV) the index is normal (�1.1) in
more than 93% of the subjects [18,21,35]. In the present
study the average cost of each carotid-femoral scan
[20,22] was of 15 EUROs (including training, equip-
ment, and staff costs). This may indicate a role for
carotid and femoral ultrasound scans as a screening
method to select from the asymptomatic population
those prone to cardiovascular events [18,35,36].
Atherosclerotic coronary disease is well related to
carotid and femoral arteriosclerotic changes [35,36], as
shown by ultrasound methods, particularly the determi-
nation of intima-media thickness and the ultrasound
score [18,36]. The difference between prevalence of
plaques at carotid and femoral level and differences in
progression are unclear (femoral progression appears to
be faster than carotid plaque progression)[35,36]. How-
ever data refers to more advanced disease. Different
risk factors may influence carotid of femoral arte-
riosclerosis progression but the subjects evaluated in the
present study had no significant risk factors at inclusion
and therefore our population sample is not adequate to
supply this information. Applications of carotid and
femoral scans may be planned in screening and detec-
tion of early, preclinical arteriosclerosis [18,35,36]. This
method offers the possibility of selecting higher risk
subjects from the general population years before signs/
symptoms are detectable and possibly suggesting pre-
ventive actions[35,36]. Ultrasound methods are not
only valid for groups but are also predictive of cardio-
vascular events even for individuals [18,35–38].

In conclusion, each class in the arterial classification
appears to be related to a different prevalence of future

cardiovascular events. This method may be considered
as a simple, cost-effective screening technique to assess
subclinical arteriosclerosis which may be useful in se-
lecting early, in the evolution of arteriosclerosis, sub-
jects prone to suffer from cardiovascular events, who
need a more careful follow up and prevention program.
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