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O B J E C T I V E S We studied associations of magnetic resonance imaging measurements of plaque

area and relative percent lumen reduction in the proximal superficial femoral artery with functional

performance among participants with peripheral arterial disease.

B A C K G R O U N D The clinical significance of directly imaged plaque characteristics in lower

extremity arteries is not well established.

M E T H O D S A total of 454 participants with an ankle brachial index �1.00 underwent magnetic

resonance cross-sectional imaging of the proximal superficial femoral artery and completed a 6-min walk

test, measurement of 4-m walking velocity at usual and fastest pace, and measurement of physical

activity with a vertical accelerometer.

R E S U L T S Adjusting for age, sex, race, body mass index, smoking, statin use, comorbidities, and

other covariates, higher mean plaque area (1st quintile [least plaque]: 394 m, 2nd quintile: 360 m, 3rd

quintile: 359 m, 4th quintile: 329 m, 5th quintile [greatest plaque]: 311 m; p trend �0.001) and smaller

mean percent lumen area (1st quintile [greatest plaque]: 319 m, 2nd quintile: 330 m, 3rd quintile: 364 m,

4th quintile: 350 m, 5th quintile: 390 m; p trend �0.001) were associated with shorter distance achieved

in the 6-min walk test. Greater mean plaque area was also associated with slower usual-paced walking

velocity (p trend � 0.006) and slower fastest-paced 4-m walking velocity (p trend � 0.003). Associations

of mean plaque area and mean lumen area with 6-min walk distance remained statistically significant

even after additional adjustment for the ankle brachial index and leg symptoms.

C O N C L U S I O N S Among participants with peripheral arterial disease, greater plaque burden and

smaller lumen area in the proximal superficial femoral artery are associated independently with poorer

functional performance, even after adjusting for the ankle brachial index and leg symptoms. (J Am Coll

Cardiol Img 2011;4:730–9) © 2011 by the American College of Cardiology Foundation
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H
igh-resolution magnetic resonance imaging
(MRI) has emerged as a promising modality
for direct atherosclerotic plaque imaging
(1,2). However, little is known about associ-

ations of MRI-measured plaque area or lumen area
with functional impairment in peripheral arterial dis-
ease (PAD). We used MRI to directly image cross
sections of the superficial femoral artery (SFA) (Fig. 1).
We studied associations of plaque area and percent
lumen area in the SFA with functional impairment in
PAD. We hypothesized that greater plaque area and
smaller percent lumen area in the SFA would be
associated with greater functional impairment, inde-
pendently of age, comorbidities, and other potential
confounders. We also hypothesized that significant
associations of more adverse plaque characteristics
with greater functional impairment would be elimi-
nated after additional adjustment for the ankle bra-
chial index (ABI).

M E T H O D S

Subjects. Participants were identified from among
consecutive PAD patients in the noninvasive vas-
cular laboratories at Northwestern Memorial Hos-
pital and 3 other Chicago-area medical centers.
Participants were also identified from among lists of
consecutive patients with a diagnosis of PAD in the
vascular surgery, cardiology, endocrinology, general
medicine, and geriatric practices at Northwestern
Medical Faculty Foundation and in the vascular
surgery practice at the Jesse Brown VA Medical
Center. A small number of participants were iden-
tified from among men and women age 70 years
and older in Northwestern’s largest general internal

medicine practice who were screened with the ABI
and found to have an ABI �1.00 (Fig. 2). To
maximize comparability with participants with pre-
viously established PAD, a minimum age of 70
years was required for participants identified in
general medicine. The protocol was approved by
the Institutional Review Boards of Northwestern
University Feinberg School of Medicine and all
participating sites. Participants gave written in-
formed consent.
Inclusion criteria. The inclusion criterion was an
ABI �1.00. This inclusion criterion was selected
because truly normal ABI values are 1.10 to 1.40
(3–5) and because including participants with ABI
�1.00 ensured a broad range of severity of lower
extremity atherosclerosis. Presence of intermittent
claudication was not an inclusion criterion.
Exclusion criteria. Potential participants with de-
mentia and those with a Mini-Mental Status Exam-
ination score �23 (6) were excluded. Nursing home
residents, wheelchair-bound patients, and patients
with foot or leg amputations were ex-
cluded because of their severely impaired
functioning. Non–English-speaking pa-
tients were excluded because investigators
were not fluent in non-English languages.
We excluded potential participants who
required oxygen therapy, had contraindi-
cations to MRI testing, stopped the 6-min
walk test due to shortness of breath, had
recent major surgery, or had severe knee
osteoarthritis. Severe arthritis was defined
based on the presence of radiograph-
measured osteoarthritis Kellgren-Lawrence score of 4
among participants who reported pain in or around
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A B B R E V I A T I O N S

A N D A C R O N YM S

ABI � ankle brachial index

BMI � body mass index

MRI � magnetic resonance

imaging

PAD � peripheral arterial

disease

SFA � superficial femoral artery
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