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Background
Peripheral arterial disease (PAD) is associated with
impaired function of the lower extremities, manifested
clinically as intermittent claudication or rest pain. Pre-
vious studies have suggested that alterations in microcir-
culation due to a paucity of collateralization may
contribute to functional impairment in PAD patients.
Therefore, small vessel blood flow at the level of leg
muscles may be important. We hypothesized that
microvascular perfusion can be measured with CE-MRI
and will be heterogeneous in calf muscles of PAD
patients compared with healthy controls.

Methods
Twenty six PAD patients and 14 healthy controls under-
went CE-MRI with a 3.0T Siemens Magnetom Verio
system using a 36-element dedicated peripheral angio-
matrix coil. A state of reactive hyperemia was induced
by 3.5-minutes of supra-systolic inflation of a bilateral
blood-pressure cuff positioned above the knee. Rapid
cuff deflation was synchronized with the administration
of a Gadolinium-based contrast agent (Magnevist, Bayer
Inc.). Imaging at the mid-calf was commenced with a
high resolution saturation recovery gradient echo pulse
sequence (repetition time [TR] = 2.7 ms; echo time
[TE] = 1.23 ms; and temporal resolution = 409 ms per
frame). Microvascular perfusion maps (MVPM) were
calculated for each frame and for five semi-automati-
cally segmented skeletal muscle compartments including

the anterior, lateral, deep posterior, soleus, and gastro-
cnemius. The MVPM categorized each voxel as either
hypointense (voxel signal intensity (SI) < reference SI -
2*standard deviation [STD]), isointense, or hyperintense
(voxel SI > reference SI + 2*STD), based on reference
signal intensities for each muscle group that were cal-
culated from all controls using an ensemble means
algorithm. Normalized histograms of MVPM repre-
senting fractions of hypo-, iso-, and hyperintense vox-
els were compared for each muscle group between
PAD and controls. Analysis was performed for speci-
fied times based on the arterial input function (AIF) of
one sufficiently patent major artery (anterior tibial
artery, posterior tibial artery, or peroneal artery)
including pre contrast arrival (CA), peak AIF, and
2 minutes post CA.

Results
The 26 PAD patients presented with an average ankle
brachial index of 0.624 +/- 0.18. Only the more symp-
tomatic leg was analyzed. The anterior, lateral, deep
posterior muscle compartments and the soleus and
gastrocnemius muscles presented with a higher frac-
tion of hypointense voxels in PAD patients when
compared with healthy controls at 3 distinct times
during perfusion imaging (p < 0.01; Figure 1). PAD
patients had a lower amount of isointense voxels
for the five muscle compartments compared with con-
trols (p < 0.05). However, there was no significant
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difference between the fraction of hyperintense voxels
(Figure 2).

Conclusions
The preliminary results of this study suggest that CE-
MRI may be useful to assess microvascular perfusion
abnormalities in patients with PAD.
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Figure 1 *p < 0.05; †p < 0.01; ‡p < 0.0001; Otherwise not significant. P-values for group differences were calculated with the Wilcoxon
rank-sum test (SAS 9.3). CA: pre contrast arrival; PC: peak arterial enhancement; 2M: 2 minutes post contrast arrival.
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Figure 2 CE-MRI images from a PAD patient (panels A-C) prior to contrast arrival (CA, panel A), at peak arterial contrast enhancement
(panel B), and 2 minutes post CA. Panels D-F show the respective perfusion maps where blue, green, and red colors indicate hypointense,
isointense, and hyperintense regions, respectively.
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