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Facoltà di Medicina Edificio Clinico A II livello, Viale Europa (Loc Germaneto), 88100-Catanzaro, Italy
b Department of Internal Medicine, Cardiovascular and Metabolic Diseases, ICBM Vigevano Pavia, Italy

Received 28 September 2006; received in revised form 23 November 2006; accepted 29 November 2006

bstract

ackground and purpose: It is recognized that arteries can enlarge to compensate atherosclerosis. The role of diameter enlargement of
naffected arteries is not well known. We hypothesized that brachial and common carotid arteries diameters were larger in subjects with
arotid atherosclerosis compared to subjects without these lesions.
ethods: We measured diameters in the common carotid and brachial arteries. Intimal medial thickness (IMT) of carotid arteries and carotid

therosclerosis were also evaluated using ultrasound in 83 cases and 83 disease-free control subjects.
esults: Common carotid and brachial diameter was greater in cases (subjects with carotid atherosclerosis) than controls (subjects without
arotid atherosclerosis) after adjustment for confounding variables (P < 0.02). Common carotid diameter was also larger in individuals with
reater IMT (P < 0.0001), whereas brachial artery diameter was not. Subjects with more than one carotid plaque had larger arterial diameters
han those with one or without plaques.
onclusions: Common carotid and brachial artery diameters are both larger in cases than controls. This result suggests that vascular remodeling
C
Ts a systemic process and not only a local response to atherosclerosis. The relationship between diameters and burden of disease could also

uggest a link between vascular remodeling and severity of disease. Finally, if confirmed in prospective studies, brachial artery diameter could
elp to identify subjects at high cardiovascular risk. At least in postmenopausal women.

2006 Published by Elsevier Ireland Ltd.
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A growing body of evidence suggests that arteries can
odify their diameter in response to a variety of stimuli,

ncluding hemodynamic changes, inflammation and injury
1]. This process, defined as vascular remodeling, is poten-
ially important in atherosclerosis since the enlargement
im to compensate for atherosclerotic lesions, preserving,
n this way, lumen diameter and blood flow [2–5]. More-
U
N
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ver, it seems that, sometimes, arterial compensation during
evelopment of subclinical atherosclerosis may influence
he clinical presentation of vascular disease [6]. Glagov et
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hial artery

l. [2] demonstrated the compensatory remodeling effect in
utopsy specimens of the left main coronary artery suggesting
hat adaptive enlargement could effectively preserve lumen
rea until atherosclerosis overcame the arterial compensatory
esponse. Advances in high resolution noninvasive B-mode
ltrasound have allowed the possibility of assessing carotid
rtery remodeling in vivo and to establish a positive rela-
ionship between carotid artery diameter and intimal medial
hickness (IMT) in healthy subjects [3]. This finding has been
common carotid artery diameter in postmenopausal women with
rosis.2006.11.040

onfirmed in longitudinal studies [4]. However, the role of 47

rterial remodeling in undiseased arteries of other vascular 48

ed remains poorly understood. Data on women with chest 49

ain suggested an association of lumen area of brachial artery 50
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ith coronary artery disease [7]. On the basis of these data,
t was postulated that brachial artery diameter could predict
oronary artery disease [7]. B-mode ultrasound measures of
symptomatic carotid artery atherosclerosis are associated
ith prevalent coronary heart disease [8] and allow non-

nvasive study of associations of arterial walls with lumen
imensions in vivo [3]. Therefore, we used B-mode ultra-
ound to test the hypothesis that brachial artery diameter
s larger in individuals with carotid plaque compared with
arotid plaque-free controls.

. Methods

.1. Patient population

Participants were recruited from women undergoing
enopause health-screening tests in our hospital clinic for the

resence of one or more cardiovascular risk factor (hyperlipi-
emia, hypertension, diabetes, smoking). The study consisted
f 313 postmenopausal women, with a mean age of 57 years
nd a carotid atherosclerosis prevalence of 45%. In 250 of
hem, brachial artery and common carotid diameter measure-

ents were available. Eligible case patients (carotid plaque
n at least one carotid artery) and control subjects (no carotid
laque) matched for age, since the strong association between
ge and arterial diameters, were recruited; we excluded those
ases who have no matching control subject and this leave
66 participants. All patients provided informed consent to
articipate in the study, and the protocol was approved by the
thic committee of University School of Medicine.

Postmenopausal status was defined as no natural menses
or at least 1 year and serum FSH level more than 40 IU/l.
ll the participants were Caucasian and underwent collection
f medical history by a standardized questionnaire adminis-
ered to obtain information about current and past medication
se, smoking habits and presence of cardiovascular disease;
hysical examination, to evaluate body mass index (BMI)
alculated as weight (in kg) divided by square of height (in
2) and blood pressure measured in both arms; vascular

ltrasound to evaluate extracranial carotid atherosclerosis,
arotid IMT, common carotid and brachial arteries diame-
ers and biochemical analyses. No patient had cardiovascular
ymptomatic disease on the basis of clinical history. The
nvestigation conforms to the principles outlined in the Dec-
aration of Helsinki.

Venous blood was collected after overnight fasting into
acutainer tubes (Becton & Dickinson) and centrifuged
ithin 4 h. Serum glucose, creatinine, total cholesterol, high
ensity lipoprotein cholesterol and triglycerides were mea-
ured by standard laboratory techniques. Quality control was
ssessed daily for all determinations.
U
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The following criteria were used to define the cardiovascu-
ar risk factors—diabetes: fasting blood glucose ≥126 mg/dl
r antidiabetic treatment; hyperlipidemia: total cholesterol
200 mg/dl and/or triglycerides >200 mg/dl or lipid low-
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ring drugs use; hypertension: systolic blood pressure
140 mm Hg and/or diastolic blood pressure ≥90 mmHg or

nthypertensive treatment; smoking: present smokers; obe-
ity: body mass index ≥30 kg/m2.

.2. Ultrasound

The subjects underwent B-mode ultrasonography of the
xtracranial carotid arteries by use of a duplex system (a
igh resolution ultrasound instrument ATL, HDI 5000 with
5- to 12-MHz linear array multifrequency transducer). All

he examinations were performed by the same ultrasonogra-
her blinded to clinical information. All patients rested in the
upine position for at least 10 min before the study and were
ept in this position during the procedure. ECG leads were
ttached to the ultrasound recorder for on-line continuous
eart rate monitoring. The right and left common (CCA) and
nternal carotid arteries (including bifurcations) were eval-
ated with the head of the subjects turned away from the
onographer and the neck extended with mild rotation. The
MT, defined as the distance between the intimal–luminal
nterface and the medial–adventitial interface, was measured
s previously described [9]. Briefly, in posterior approach
nd with the sound beam set perpendicular to the arterial
urface, 1 cm from the bifurcation, three longitudinal mea-
urements of IMT were completed on the right and left
ommon carotid arteries far-wall, at sites free of any discrete
laques. The mean of the three right and left longitudinal
easurements was then calculated. Plaque, detected in lon-

itudinal and transverse planes with anterior, lateral and
osterior approaches, was defined as an echogenic focal
tructure encroaching into the vessel lumen of at least 50%
f the surrounding IMT value. Stenosis was defined as a
eak systolic velocity >120 cm/s and occlusion was defined
s absence of Doppler signal. According to these criteria,
ubjects were considered as normal if no lesion was detected
control), or having carotid atherosclerosis when a plaque,
tenosis or occlusion was detected in at least one segment of
ommon, bifurcation or internal carotid artery (cases). The
oefficient variation of the methods was 3.3%. To evaluate
rtery diameters images were magnified, whereas depth and
ain settings were set to optimize the image of the vessel wall,
n particular, the media–adventitia interface (“m” line). The
nd-diastolic diameter of the vessel, defined as the distance
etween near-wall and far-wall junctions of the media and
dventitia, was measured over four cardiac cycles with the
se of digital callipers and the average was then calculated.
ongitudinal image of the brachial artery (BA) of the non-
ominant arm was obtained proximal to the antecubital fossa
herever the best ultrasound image could be obtained.

.3. Statistical analysis
common carotid artery diameter in postmenopausal women with
rosis.2006.11.040

Unpaired Student’s t-test and one-way ANOVA were used 152

o compare means between the groups. Data are reported 153

s mean ± S.D. The χ2-test was used to compare the preva- 154
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Table 1
Clinical, biochemical and ultrasound characteristics in cases and controls

Characteristic Controls (n = 83) average ± S.D. Cases (n = 83) average ± S.D. P

Age (years) 56.94 ± 5.7 56.99 ± 5.6 NS
BMI (kg/m2) 28.41 ± 5.3 28.63 ± 5.1 NS
SBP (mmHg) 127.25 ± 15.0 132.46 ± 17.6 0.044
DBP (mmHg) 77.67 ± 8.4 79.77 ± 9.5 NS
Glycemia (mg/dl) 96.59 ± 14.4 100.90 ± 25.3 NS
Creatinine (mg/dl) 0.79 ± 0.1 0.78 ± 0.1 NS
TC (mg/dl) 239.45 ± 47.3 242.88 ± 39.6 NS
LDL-C (mg/dl) 152.13 ± 43.1 157.39 ± 36.9 NS
HDL-C (mg/dl) 65.19 ± 16.3 60.39 ± 13.9 0.050
Tryglicerides (mg/dl) 133.09 ± 74.5 164.30 ± 164.4 NS
RCCA diameter (mm) 6.86 ± 0.7 7.30 ± 0.9 0.001
LCCA diameter (mm) 6.75 ± 0.7 7.06 ± 0.9 0.018
BA diameter (mm) 3.57 ± 0.5 3.82 ± 0.5 0.003
IMT (mm) 0.66 ± 0.15 0.73 ± 0.22 0.03
Diabetes (%) 1.2 6 NS
Hyperlipidemia (%) 45 52 NS
Hypertension (%) 23 40 0.03
Smoking (%) 19 20 NS
Obesity (%) 34 32 NS
HRT users (%) 22 10 NS
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As expected CCA diameters corrected for age are strongly 195

correlated to IMT (P < 0.0001); whereas brachial artery diam- 196

eter was not correlated to IMT (data not shown). 197

Table 2
Multivariate logistic-regression analysis of predictors of carotid
atherosclerosis

OR (95% CI) P

BA diameter 2.253 (1.15–4.4) 0.017
HDL-C 0.980 (0.96–1.00) 0.083
N
C

O
R

R
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C
T

MI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood
: high density lipoprotein cholesterol; RCCA: right common carotid arte

hickness.

ence of variables among the groups. Univariate regression
nalysis was performed to identify risk factors for carotid
therosclerosis and for arterial diameter enlargement. Mul-
ivariate logistic-regression analysis was performed to test
or confounding variables between arteries diameters and
arotid atherosclerosis. The results are expressed as odds
atios. Ninety-five percent confidence intervals are reported.
ll reported P values are two-sided. Significant differences
ere assumed to be present at P < 0.05. All comparisons
ere performed using the statistical package SPSS 11.0 for
indows.

. Results

Demographic, clinical, biochemical, ultrasound charac-
eristics and prevalence of cardiovascular risk factors of the
tudy population are shown in Table 1. Since the similar
esults for right and left CCA we reported only one of these
esults. Carotid plaque were predominantly found in carotid
ifurcation or internal carotid. No stenosis or occlusion was
ound.

.1. Case–control differences in arterial diameters

Right and left common carotid and brachial diameter were
ignificantly greater in cases than controls (Table 1; P < 0.02).
ecause of difference in systolic blood pressure and HDL
U
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etween cases and control we perform a logistic-regression
nalysis with carotid atherosclerosis as dependent variable
nd the relationships with arterial diameters were essentially
naffected by adjustment for these two variables (Table 2).

S
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Re; TC: total cholesterol; LDL-C: low density lipoprotein cholesterol; HDL-

A: left common carotid artery; BA: brachial artery; IMT: intimal medial

.2. Association of risk factors with arterial diameters

In univariate analysis age, BMI and systolic blood pres-
ure were significantly and directly associated with diameter
imilarly in cases and controls in all the three arteries
BA, right and left CCA) explored (P < 0.05). In subjects
ffected by carotid atherosclerosis glycemia was also asso-
iated to arterial diameters of all the arteries (P < 0.05)
data not shown). Therefore, we performed a new logistic-
egression analysis to evaluate the relationship between
arotid atherosclerosis and BA and CCA diameters adjusted
or age, BMI, systolic blood pressure and glycemia and
he positive relationship remained unchanged (data not
hown).

.3. Associations of arterial diameters with IMT
common carotid artery diameter in postmenopausal women with
rosis.2006.11.040

BP 1.013 (0.99–1.03) 0.226

CA diameter 2.062 (1.25–3.39) 0.004
DL-C 0.985 (0.96–1.0) 0.194
BP 1.003 (0.98–1.03) 0.799

dx.doi.org/10.1016/j.atherosclerosis.2006.11.040
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Fig. 1. Carotid atherosclerosis prevalence according quartiles of brachial
artery (BA) and common carotid artery (CCA) diameters.

Table 3
Multivariate logistic-regression analysis of predictors of carotid
atherosclerosis

OR (95% CI) P

Model 1
BA diameter quartiles 1.490 (1.08–2.06) 0.016
HDL 0.979 (0.96–1.0) 0.066
SBP 1.012 (0.99–1.03) 0.26

Model 2
BA diameter quartiles 1.502 (1.07–2.11) 0.020
SBP 1.015 (0.99–1.04) 0.181
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Age 0.959 (0.90–1.0) 0.200
Glycemia 1.007 (0.99–1.03) 0.470
BMI 0.976 (0.91–1.04) 0.464

.4. Prevalence of cases in population according to
rterial diameters quartiles

Fig. 1 depicts the prevalence of carotid atherosclero-
is in population divided in quartiles according to arterial
iameters. There is increasing prevalence among quar-
iles (P = 0.042). Because of probable interference of other
ariables we performed a regression-logistic analysis with
uartile values instead that diameters value and the result
as confirmed (OR 1.49, P = 0.016) (Table 3).

.5. Associations of arterial diameters with burden of
isease

To evaluate if arterial diameters are correlated to severity
f disease we separated the population in three groups: nor-
U
N

C
O
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al, with one plaque and with two or more plaques. Since
o stenosis or occlusion were found, it was not possible to
nalyze this aspect. Analysis by ANOVA revealed that peo-
le with more burden of atherosclerosis had larger diameters

a
n
h
e

able 4
ifferences in arterial diameters between groups according burden of carotid athero

Normal (n = 83) average ± S.D. With 1 plaque (n = 46) avera

A diameter 3.57 ± 0.5 3.77 ± 0.5
CA diameter 6.86 ± 0.7 7.12 ± 0.7
 P
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han people affected by only one carotid plaque or normal
P = 0.01) (Table 4).

. Discussion

The present study describes differences in common carotid
rtery and brachial artery dimensions in apparent healthy
ostmenopausal women with and without carotid atheroscle-
osis. Because previous studies have described associations of
ge [10,11], sex [3,10–12] and physical stature [10–12] with
rterial diameters, we performed a case–control study match-
ng for age individuals of the same gender with similar BMI
nd all in postmenopausal condition. Therefore, these covari-
tes did not explain for the case–control differences in arterial
imensions. Moreover, inclusion of systolic blood pressure
nd HDL cholesterol in multivariable models failed to explain
hese differences (Table 2). In animal-experimental research,
arious types of arteries have been shown to enlarge in
esponse to diet-induced atherogenesis with a normal lumen
reserved early in the course of disease [13,14]. Relevancy of
uch a process in the human vasculature was first proposed by
lagov et al. [2] and Zarins et al. [15] based on postmortem

valuations. In the late 1980s, advances in high resolution
uplex ultrasound provided a basis for a noninvasive and in
ivo investigation of this phenomenon. On applying this tech-
ique, Steinke et al. [4] revealed a strong relation between
laque growth and consecutive dilation of carotid arteries
n a small patient-based study. Therefore, variation in the
iameter has so far represented a compensatory remodel-
ng response to local atherosclerotic lesion. Apart from this
ocal changes in vessel geometry at the site of progressive
therosclerosis, our study showed that others unaffected arter-
es, responded to active atherosclerosis in other vascular bed
n terms of enlargement. This as yet unrecognized component
f arterial remodeling involved brachial arteries as carotid
rteries to a similar extent, emerged as independent of other
otential confounders (Table 2) and appeared also corre-
ated with the number of lesions (Table 4). On the basis of
hese findings, one can speculate that para/endocrine media-
ors affecting geometric properties are continuously released
rom active atherosclerotic tissue or surrounding endothe-
ium. The biological significance of this finding expect to be
larified in future research. This is, in fact, of crucial impor-
ance in view of the fact that recent observational studies
uggested that the process of outward remodeling may be
common carotid artery diameter in postmenopausal women with
rosis.2006.11.040

ssociated with plaque rupture and therefore with acute coro- 258

ary syndrome. Lesions responsible for unstable syndromes 259

ave, in fact, larger, softer plaques with more outward remod- 260

ling than those in stable angina, which are more fibrous 261

sclerosis

ge ± S.D. With 2+ plaques (n = 37) average ± S.D. F P

3.87 ± 0.6 4.773 0.010
7.52 ± 1.1 8.468 0.000

dx.doi.org/10.1016/j.atherosclerosis.2006.11.040
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nd calcified [16,17]. The aim of the present clinical study
as not to explain the intimal mechanism of the relationship
etween arteries enlargement and carotid atherosclerosis,
owever, some hypotheses could be illustrated. Several evi-
ences suggest a key role for matrix metalloproteinase
MMP) in vascular remodelling [18]. MMP belong to a fam-
ly of zinc-dependent endopeptidases capable of degrading
ll the components of the extracellular matrix. Untimely or
nbalanced MMP activity has been associated with patho-
ogical remodeling. It was demonstrated that formation of
ascular lesions in a mouse blood flow cessation model is
ccompanied by increased gelatinolytic activity provided by
MP-2 and MMP-9 [19,20]. It was demonstrated a role for
acrophages in outward arterial remodeling since the dif-

erences in vascular remodeling resulted from significantly
igher levels of MMP-9 secreted by infiltrating macrophages;
t was also observed a positive statistical correlation between
he macrophage content of lesions and the extent of out-
ard carotid artery remodeling in the apoE−/− mouse and
roposed that infiltrating macrophages may enable arterial
xpansive remodeling via release of MMP [18]. Specifically,
ro–MMP-9, secreted constitutively by macrophages in vitro
nd in vivo in both experimental [21] and human [22,23]
therosclerotic lesions, could facilitate macrophage-driven
eometric remodeling. Pasterkamp et al. reported increased
evels of MMP-2 and MMP-9 in expansively remodeled
egments of human coronary arteries compared with constric-
ively remodeled segments [24]. MMP-9 levels are higher in
pecimens of human abdominal aortic aneurysm, an extreme
anifestation of expansive vascular remodelling [25], than in

ormal vessels [26]. Pyo et al. reported that MMP-9 knock-
ut mice were resistant to development of experimental aortic
neurysms [27]. MMP-9 probably allows the vessel to expand
reaking-down the structure of the elastic lamellae. The fact
hat in our study an atherosclerotic lesion in common or inter-
al carotid is associated to larger BA diameter support this
ypothesis. Moreover, future research on MMP inhibitors
ould find good results in control this phenomenon and con-
ribute to stabilize atherosclerotic plaque decreasing the acute
oronary syndrome.

The lack of relationship between IMT and BA diame-
er is not surprising since IMT and plaque measurements
ach represent end-organ disease in the arterial wall, but
eflects different disease attributes or stages. For example,
MT is poorly correlated with traditional risk factors, except
or hypertension, whereas carotid plaque is more strongly
orrelated to these risk factors [28]. Moreover, IMT is well
orrelated to left ventricular mass, whereas carotid plaque is
trongly correlated to coronary atherosclerosis [29,30].

.1. Study limitations
U
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onographer was not blinded to the carotid atherosclerosis,
hen he measured the arteries diameters, and he could unwit-
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ingly have selected a portion of brachial artery largest when
e found a carotid plaque, but we did not make a partic-
lar hypothesis at the begin of the study about correlation
etween carotid plaque and diameters, therefore, we are con-
dent enough about accuracy of our results. Indeed, the
esign of the present study does not permit us to address
he temporal relationships between carotid atherosclerosis
nd arterial diameters; however, longitudinal studies suggest
hat arterial remodeling accompanies significant progression
f atherosclerosis in both the carotid [4] and coronary [16]
rteries. Moreover, our data probably reflect arterial dimen-
ions in relatively early, asymptomatic carotid atherosclerosis
nd with progression or complication of disease, associations
ay differ.

. Conclusions

Carotid atherosclerosis is associated with larger CCA e
A diameters. Although these data require confirmation in a

ongitudinal study, they are consistent with the concept that
rterial enlargement is a systemic process occurring during
therosclerosis progression and could explains the docu-
ented association of this enlargement with symptomatic

ardiovascular disease. Indeed the relationship between arte-
ial diameters and number of lesions suggest that severity
f disease is able to stimulate a major arterial diameter
nlargement supporting a “dose–response” theory. There-
ore, BA diameter could help to better stratify patients in
he setting of cardiovascular risk at least in postmenopausal
omen.

eferences

[1] Pasterkamp G, De Kleijn DP, Borst C. Arterial remodeling in
atherosclerosis, restenosis and after alteration of blood flow: poten-
tial mechanisms and clinical implications. Cardiovasc Res March
2000;45(4):843–52.

[2] Glagov S, Weisenberg E, Zarins CK, Stankunavicius R, Kolettis GJ.
Compensatory enlargement of human atherosclerotic coronary arteries.
N Engl J Med 1987;316:1371–5.

[3] Crouse JR, Goldbourt U, Evans G, et al., Heiss G. Arterial enlarge-
ment in the atherosclerosis risk in communities (ARIC) cohort: in vivo
quantification of carotid arterial enlargement. Stroke 1994;25:1354–9.

[4] Steinke W, Els T, Hennerici M. Compensatory carotid artery dilatation
in early atherosclerosis. Circulation 1994;89:2578–81.

[5] Pasterkamp G, Schoneveld AH, Van Wolferen W, et al. The impact of
atherosclerotic arterial remodeling on percentage of luminal stenosis
varies widely within the arterial system: a postmortem study. Arte-
rioscler Thromb Vasc Biol 1997;17:3057–63.

[6] Ward MR, Pasterkamp G, Yeung AC, Borst C. Arterial remodeling:
mechanisms and clinical implications. Circulation 2000;102:1186–
91.

[7] Holubkov R, Karas RH, Pepine CJ, et al. Large brachial artery diameter
common carotid artery diameter in postmenopausal women with
rosis.2006.11.040

is associated with angiographic coronary artery disease in women. Am 365

Heart J May 2002;143(5):802–7. 366

[8] Crouse III JR, Craven TE, Hagaman AP, Bond MG. Association of 367

coronary disease with segment-specific intimal–medial thickening of 368

the extracranial carotid artery. Circulation 1995;92:1141–7. 369

dx.doi.org/10.1016/j.atherosclerosis.2006.11.040


 INATH 9771 1–6

6 eroscler

370

371

372

[373

374

375

[376

377

378

[379

380

381

[382

383

384

[385

386

387

[388

389

390

[391

392

393

394

[395

396

397

398

[399

400

401

[402

403

404

405

[406

407

408

[ 409

410

411

[ 412

413

414

415

[ 416

417

418

419

[ 420

421

422

423

[ 424

425

426

427

[ 428

429

430

431

[ 432

433

434

435

[ 436

437

[ 438

439
ARTICLE
T. Montalcini et al. / Ath

[9] Pujia A, Gnasso A, Irace C, Colonna A, Mattioli PL. Common
carotid arterial wall thickness in NIDDM subjects. Diabetes Care
1994;17:1330–6.

10] Crouse JR, Goldbourt U, Evans G, et al. Risk factors and segment-
specific carotid arterial enlargement in the atherosclerosis risk in
communities (ARIC) cohort. Stroke 1996;27:69–75.

11] Bonithon-Kopp C, Touboul PJ, Berr C, Magne C, Ducimetiere P. Fac-
tors of carotid arterial enlargement in a population aged 59–71 years:
the EVA study. Stroke 1996;27:654–60.

12] Jensen-Urstad K, Jensen-Urstad M, Johansson J. Carotid artery diame-
ter correlates with risk factors for cardiovascular disease in a population
of 55-year-old subjects. Stroke 1999;30:1572–6.

13] Armstrong ML, Heistad DD, Marcus ML, Megan MB, Piegors
DJ. Structural and hemodynamic responses of peripheral arteries of
macaque monkeys to atherogenic diet. Arteriosclerosis 1985;5:336–46.

14] Clarkson TB, Prichard RW, Morgan TM, Petrick GS, Klein KP. Remod-
eling of coronary arteries in human and nonhuman primates. JAMA
1994;271:289–94.

15] Zarins CK, Weisenberg E, Kolettis GJ, Stankunavicius R, Glagov S.
Differential enlargement of artery segments in response to enlarging
atherosclerotic plaques. J Vasc Surg 1988;7:386–94.

16] Smits PC, Pasterkamp G, De Jaegere PP, De Feyter PJ, Borst C. Angio-
scopic complex lesions are predominantly compensatory enlarged:
an angioscopy and intracoronary ultrasound study. Cardiovasc Res
1999;41:458–64.

17] Kearney P, Erbel R, Rupprecht HJ, et al. Differences in the morphology
of unstable and stable coronary lesions and their impact on the mech-
anisms of angioplasty: an in vivo study with intravascular ultrasound.
Eur Heart J 1996;17:721–30.

18] Galis ZS, Khatri JJ. Matrix metalloproteinases in vascular remod-
eling and atherogenesis: the good, the bad, and the ugly. Circ Res
2002;90:251–62.

19] Ivan E, Khatri JJ, Johnson C, et al. Expansive arterial remodeling is
U
N

C
O

R
R

E
C

TE
D

Please cite this article in press as: Montalcini T, et al., Large brachial and
carotid atherosclerosis, Atherosclerosis (2006), doi:10.1016/j.atheroscle

associated with increased neointimal macrophage foam cell content:
the murine model of macrophage-rich carotid artery lesions. Circulation
2002;105:2686–91.

20] Godin D, Ivan E, Johnson C, Magid R, Galis ZS. Remodeling of
carotid artery is associated with increased expression of matrix met-

[

 P
R

O
O

F

 PRESS
osis xxx (2006) xxx–xxx

alloproteinases in mouse blood flow cessation model. Circulation
2000;102:2861–6.
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