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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. Previous studies have suggested that alterations in microcirculation 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 underwent 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-automatically segmented skeletal muscle compartments including the anterior, lateral, deep posterior, soleus, and gastrocnemius. 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 calculated from all controls using an ensemble means algorithm. Normalized histograms of MVPM representing fractions of hypo-, iso-, and hyperintense voxels were compared for each muscle group between PAD and controls. Analysis was performed for specified 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 symptomatic leg was analyzed. The anterior, lateral, deep posterior muscle compartments and the soleus and gastrocnemius muscles presented with a higher fraction 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 controls (p < 0.05). However, there was no significant difference between the fraction of hyperintense voxels (Figure 2).[image: A12968_2014_Article_3659_Fig1_HTML.jpg]
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 2CE-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.





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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Table: CE-MRI voxel distribution pre and post contrast arrival in PAD
patients and healthy controls.

Variable Hypointense [%] | Isointense [%] | Hyperintense [%]
PAD Patients (n=26)

Anterior CA:203+183% | 77.4%17.1% 234%51
PC:31.7+2737 | 66.0%25.8* 234+54
2M:191+2391 | 71.2%223° 9.67 £ 16.0

Lateral CA:462+263% | 48542337 5294138
PC:379+263% | 5672237 546114
2M:46.7+3237 | 426+2547 108+21.1

Deep CA:125+149" | 86.0+148" 143+3.0

e PC:302+24.7" | 68.0+23.3 1.88+6.8
2M:18.1%27.1 | 722%27.0% 975%173

Soleus CA:263+19.2% | 72.9+19.7° 0.78+2.0
PC:30.8+29.17 | 66.5+28.2 268+5.7*
2M:30.5+2937 | 64.0+2637 5.51£10.0

Gastroc. CA:287+2007 | 651+212¢ 6.16+13.5
PC:243+1927 | 70.7+208" 4.98+10.9
2M: 15341637 | 76041657 875126

Healthy Controls (n=14)
Anterior CA:234+24% 9154148 6.12+15.2
PC:9.43+11.31 | 83.1%16.0" 751%16.4
2M: 130157 | 865%17.81 122184
Lateral CA15.1+1517 | 769+21.27 7.94+209
PC:682:74° | 835224 970+237
2M: 12441237 | 76.0+233" 11.6+253

Deep CA:253+2.147 948+86° 262903

Pock PC102:69" 85695 419£103

2M:588%85 8451224 956231

Soleus CA:471+74% | 901175 519+17.0

PC:6.38+9.47 91.2+98" 23943
2M:5.47 £ 6.47 90.8 +12.0° 372+11.6"

Gastroc. CA:10.6+158™ | 815+190% 7.91+147
PC:7.15+11.47 | 89.3+11.97 35573

2M: 2,66+ 4.8 922+98" 51295






