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Abstract

Peripheral artery disease (PAD) causes lower extremity dysfunction and is associated with

an increased risk of cardiovascular mortality and morbidity. In this study, we analyzed how
non-invasive 2-dimensional-phase-contrast magnetic resonance imaging (2D-PC-MRI) measured
velocity markers of the distal superficial femoral artery (SFA) are associated with clinical

and functional characteristics of PAD. A total of 70 (27 diabetic and 43 non-diabetic) PAD
patients were included in this secondary analysis of data collected from the Effect of Lipid
Modification on Peripheral Artery Disease after Endovascular Intervention Trial (ELIMIT).
Electrocardiographically (ECG)-gated 2D-PC-MRI was performed at a proximal and a distal
imaging location of the distal SFA. Baseline characteristics did not differ between diabetic and
non-diabetic PAD patients. Claudication onset time (COT) was shorter in diabetic PAD patients
compared to non-diabetics (0.56 (inter quartile range (IQR): 0.3, 2.04) minutes vs. 1.30 (IQR:
1.13, 2.15) minutes, p=0.025). In a pooled analysis of all 70 PAD patients, maximum velocity was
significantly higher in the proximal compared with the distal SFA segment (43.97 (interquartile
range (IQR): 20.4, 65.2) cm/s; vs. 34.9 (IQR: 16.87, 51.71) cm/s; p<0.001). The maximum
velocities in both the proximal and distal SFA segments were significantly higher in diabetic PAD
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patients compared with non-diabetics (proximal: 53.6 (IQR: 38.73, 89.43) cm/s vs. 41.49 (IQR:
60.75, 15.9) cm/s, p=0.033; distal: 40.8 (IQR: 23.7, 71.90) cm/s vs. 27.4 (IQR: 41.67, 12.54)
cm/s, p=0.012). Intra-observer variability, as assessed by intraclass correlation (ICC) analysis, was
excellent for SFA mean and maximum velocities (0.996 (confidence interval [C1]: 0.996, 0.997);
0.999 (CI: 0.999, 0.999)). In conclusion, 2D-PC-MRI SFA velocity measures are reproducible and
may be of interest in assessing diabetic and non-diabetic PAD patients.
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peripheral artery disease; magnetic resonance imaging; diabetes mellitus; atherosclerosis;
superficial femoral artery; arterial blood flow velocity

1. Introduction

Peripheral artery disease (PAD) is a debilitating illness affecting more than 8.5 million
Americans of age 40 and older and 202 million people globally [1-4]. PAD causes
hemodynamic dysfunction and is associated with impaired lower extremity function,
reduced quality of life, and possibly limb loss [5-7]. Intermittent claudication is a

classic PAD symptom that occurs in 40% of symptomatic patients and is associated

with a 5-, 10-, and 15-year mortality rate of 30%, 50%, and 70%, respectively [8-10].
Non-invasive imaging remains of central importance in assessing PAD [6, 11]. Among
imaging techniques, magnetic resonance imaging (MRI) has been utilized to investigate
superficial femoral artery (SFA) plaque burden and vessel morphology [8] [12]. Two
dimensional-phase-contrast MRI (2D-PC-MRI) is a validated non-invasive rapid technique
utilizing the phase shift of the MR signal produced by blood flowing in a magnetic field

to measure blood flow velocity [13, 14]. 2D-PC-MRI has been applied successfully among
others to quantify ventricular function, valvular heart disease, pulmonary artery disease,
thoracic aortic disease, congenital heart disease, ischemic heart disease and PAD [13-15].
Phase-contrast MRI based coronary sinus blood flow measures have been shown to be
useful as a prognostic marker for diabetic patients [16]. Phase-contrast MRI has also been
utilized to study leg thermotherapy in patients with symptomatic PAD resulting in an
increased peak blood flow velocity [17]. However, it remains unclear if 2D-PC-MRI can
be utilized to non-invasively study differences in blood flow velocities in diabetic and non-
diabetic PAD patients. In this secondary analysis of data collected from the Effect of Lipid
Modification on Peripheral Artery Disease after Endovascular Intervention Trial (ELIMIT;
NCT00687076) [8], we analyzed associations of 2D-PC-MRI velocity measurements of
the distal SFA with clinical and functional characteristics of PAD. We hypothesized that
MRI-based measures of SFA velocity are associated with PAD severity including diabetes
status and functional capacity.

2. Materials and Methods

2.1. Study Design

ELIMIT was a double-blind and double-placebo randomized controlled study of PAD
patients, results of which were previously published [8]. PAD patients were recruited
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between 2005 to 2008 at the Ben Taub General Hospital, the Michael E. DeBakey Veterans
Affairs Medical Center, and the Houston Methodist Hospital in Houston, TX. The study
was approved by the local institutional review board and participants provided informed
consent. Briefly, a total of 102 participants with lifestyle-limiting claudication consistent
with Fontaine stage Ila/llb were randomized to either triple lipid-modification therapy
consisting of simvastatin (40 mg/day), ezetimibe (10 mg/day), and niacin (1,500 mg/day), or
to monotherapy with Simvastatin (40 mg/day) only. In addition to the randomized therapy,
patients continued to receive standard of care including medical management and the

option of vascular intervention (lower-extremity revascularization), if indicated. PAD was
confirmed either clinically using an ankle brachial index (ABI) < 0.90 or via imaging studies
that included a duplex ultrasound.

2.2. MRI

MR imaging was performed at baseline, 6, 12, and 24 months, as previously reported

[8] [12]. MRI scans were acquired using a 3.0T system (Signa Excite, GE Healthcare,
Milwaukee, Wisconsin) with a unilateral phased array coil (Pathway Biomedical, Inc.). The
coil was centered 8 cm above the patella and secured with a Velcro strap to image the

distal SFA territory. SFA plaque burden imaging with fast spin echo proton-density-weighted
(FSE-PDW) scans were acquired for both lower extremities (repetition time (TR)= 2575 ms,
echo time (TE)= 30 ms, number of slices= 40, field of view (FOV)= 22 cm, flip angle (FA)=
90°, slice thickness (ST)= 2 mm, in-plane pixel spacing= 0.43 x 0.43 mm, echo train length
(ETL)= 8, matrix size= 384 x 224). In addition, 2D-PC-MRI scans were acquired during
the same exam with ST=6mm, TR=10.6ms, TE=4.97ms, ETL=1, trigger window=20%,
bandwidth=244 Hz/pixel, and a phase-contrast encoding velocity (VENC) of 120 cm/sec
(through-plane encoding). 2D-PC-MRI scans were electrocardiographically (ECG) gated
and obtained at a proximal and a distal slice location within the field of view of the primary
FSE-PDW scans.

MRI Analysis—SFA lumen, wall, and total vessel volumes were quantified by two readers
with VesseMASS (University of Leiden, The Netherlands) as previously reported [8]. Image
analysis was performed for the target limb, defined as the non-intervened limb or the less
symptomatic limb in patients who were not scheduled for revascularization at the time of
recruitment.

SFA lumen boundaries were traced on the magnitude images and then propagated on the
phase images of the 2D-PC-MRI scans to determine velocities at the proximal and distal
locations within the FOV of the FSE-PDW scans (Figure 1). Tracings were done with Sante
DICOM Editor Version 3.0 (Santesoft LTD, Greece). Velocities were measured within the
traced region of interest (ROI) of the SFA lumen for each acquired frame over the cardiac
cycle. Subsequently, the maximum velocity was determined as the maximum of all peak
velocities across all frames acquired over the cardiac cycle. Similarly, the minimum velocity
was determined as the minimum of all lowest velocities across all frames acquired over

the cardiac cycle. The reported average velocities were determined as the mean velocities
averaged over all frames. Velocity differences were calculated by subtracting the velocity
measured at the distal location from the velocity measured at the proximal location. We
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performed background corrections to compensate for background noise, significant bulk
motion including involuntary leg twitching (which is common in PAD patients [18]), and
arbitrary phase offset errors. Corrections were applied by subtracting the mean phase
information of an adjacent stationary background area from the ROI of the SFA (done

with MATLAB, MathWorks Inc., Natick, MA). The background ROI was placed within the
adductor muscle or vastus medialis muscle and care was taken to exclude arteries or veins
(Figure 1). Background regions were at least as large as luminal ROIs. Reproducibility of
velocity profiles and background corrections were determined by intra-reader reproducibility
analysis and in addition, inter-reader variability was also determined for the background
corrections. Both readers were blinded to patient identifiers. Intra-reader reproducibility
was assessed for a single reader for the velocity profile and background correction tracings
by choosing 10 randomly selected 2DPC-MRI scans that were re-traced four weeks after
the initial reading. In addition, inter-reader variability was assessed for the background
correction tracings by choosing a different set of 20 randomly selected 2DPC-MRI scans
that were traced by both readers.

Velocity Pulsatility Index—The velocity pulsatility index (VPI) was calculated by
subtracting the minimum velocity from the maximum velocity and dividing by the mean
velocity for a specific location of the vessel. Using this approach, VPI at the proximal and
distal sites were calculated, separately.

2.3. Statistical Analysis

Baseline patient characteristics were expressed as mean (standard deviation), median, and
interquartile range (IQR, 25 % and 75%) for non-normal variables, percentages, and
frequencies, as appropriate. Non-parametric and parametric continuous variables were
compared using the Mann-Whitney-Wilcoxon test and the independent sample student’s
t-test, as appropriate. Categorical data were analyzed by Chi-square tests. Data normality
was determined using the Shapiro-Wilk test. Pooled data were analyzed separately. Linear
regression analyses were performed to determine associations between MRI measured
volumes and velocities with known clinical markers of PAD. All tests were two-tailed
and the statistical significance level was determined at a p-value of < 0.05. Intra-reader
reproducibility and inter-reader variability was assessed by intraclass correlation (ICC)
analysis. ICC analysis was performed using a 2-way random-effects model, in which
ICC>0.7 was considered an excellent agreement. All statistical analyses were performed
using Stata Statistical Software (College Station, Texas, StataCorp LP) and SAS (SAS
Institute, Inc., Cary, NC).

3. Results

3.1. Baseline Characteristics

Out of 102 randomized participants, 87 completed baseline MR imaging (1 participant
withdrew, 6 participants declined blood draws, 8 participants opted out of MRI), of whom
17 did not have 2D-PC-MRI scans (14 did not undergo 2D-PC-MRI scans, and 3 had a
missing proximal 2D-PC-MRI scan). Therefore, a total of 70 patients was included for the
analyses. Among the 70 PAD patients, 43 were non-diabetic and 27 were diabetic. The
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baseline characteristics, including lipids, did not differ between diabetic and non-diabetic
PAD patients except for body mass index (BMI), which was marginally significant (p=
0.051, Table 1).

In this secondary analysis of ELIMIT data which included 70 PAD patients, baseline
characteristics between the lipid-modifying mono- (n= 37) and triple-therapy (n= 33) groups
did not differ (data not shown).

3.2. Intra-Reader Reproducibility And Inter-Reader Variability

Both intra-reader reproducibility for SFA mean and maximum velocities (as assessed by
ICC analyses) and background correction tracings were excellent (0.996 (confidence interval
[CI]: 0.996, 0.997); 0.999 (CI: 0.999, 0.999); and 0.99 (CI: 0.986, 0.992), respectively);
Table 2). Inter-reader variability was excellent for the background correction tracings (0.988
Cl: 0.986, 0.989, Table 2).

3.3. MRI-Based Measures Of SFA

The maximum and average velocities were significantly higher in the proximal compared
with the distal SFA segment (maximum velocity: 43.97 (IQR: 20.4, 65.2) cm/s; vs. 34.9
(IQR: 16.87, 51.71) cm/s; p<0.001, Table 3). Conversely, the minimum velacities were
similar between the proximal and distal SFA segments (p=0.91). The VPI was higher at the
proximal compared to the distal SFA segment (maximum velocity: 1.65 (IQR: 1.03, 1.83)
cm/s; vs. 1.5 (IQR: 0.74, 1.8) cm/s; p=0.015, Table 3).

The proximal and distal maximum velocities were significantly higher in diabetic-PAD
patients compared with non-diabetics (proximal: 53.6 (IQR: 38.73, 89.43) cm/s vs. 41.49
(IQR: 60.75, 15.9) cm/s, p=0.033; distal: 40.8 (IQR: 23.7, 71.90) cm/s vs. 27.4 (IQR: 41.67,
12.54) cm/s, p=0.012; (Table 4). Neither the minimal velocities nor the velocity differences
between the proximal and distal SFA segments differed between the groups.

SFA total, wall, and lumen volumes did not differ between diabetic and non-diabetic PAD
patients (Table 4).

Claudication onset time (COT) was shorter in diabetic PAD patients when compared to
non-diabetics (0.56 (IQR: 0.3, 2.04) minutes vs. 1.30 (IQR: 1.13, 2.15) minutes, p=0.025),
while peak walking time (PWT) did not differ (p=0.67). Additionally, ABIs were similar
between diabetic and non-diabetic PAD patients.

The results of sub-group analysis showed that the maximum and average velocities were
higher in the proximal compared to the distal SFA segment in non-diabetics, but not in
diabetic PAD patients (Table 5). The analysis identified a significant difference in the VPI
between the proximal and distal locations among the non-diabetic PAD patients, but not
among the diabetic PAD patients (p=0.043 vs. p=0.24, respectively).

Results of pooled analysis revealed a significant association between the ABI and the
proximal maximum and average velocities, as well as velocity differences (p<0.005, Table
6). In a sub-group analysis among non-diabetics, the ABI was significantly associated
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with the proximal maximum and average velocities and velocity differences, whereas no
significant associations were found in a separate analysis of diabetic PAD patients.

In a pooled analysis of all patients and in a separate analysis among diabetic PAD patients,
the VPI at the distal SFA was significantly associated with the SFA lumen volume, but no
association was seen among non-diabetic PAD patients (Supplementary Table 1).

4. Discussion

In this study, we have analyzed 2D-PC-MRI based measures of velocity of the distal SFA
territory in PAD patients with and without diabetes. We identified four primary findings.
First, in a pooled analysis of all PAD patients, 2D-PC-MRI based measures of velocity
decreased significantly between proximal and distal SFA imaging locations. Second, the
maximum velocities in both the proximal and distal SFA segments were significantly higher
in diabetic PAD patients compared with non-diabetics. Third, intra-observer variability was
excellent for SFA mean and maximum velocities, as well as for background correction
tracings. Fourth, COT was shorter in diabetic PAD patients compared to non-diabetics, as
anticipated.

PAD is typically characterized by atherosclerotic lesions in the lower extremities. The
femoral and the popliteal arteries are the most common sites affected by atherosclerosis,
followed by the distal aorta and the iliac arteries [19]. The poor circulation leads to transient
limb ischemia and calf pain following walking or exertion [20].

This study demonstrated a decrease in blood flow velocity from a proximal to a distal
location of the distal SFA, which is consistent with results of previous studies that confirmed
reduced blood flow more distally in PAD patients with a history of claudication due to
luminal narrowing from atherosclerosis [20].

Several studies have demonstrated an association between diabetes and the development of
atherosclerotic lesions in the lower limbs. Impaired glucose tolerance alone is associated
with 2 to 4-fold increased risk of having intermittent claudication (in men and women,
respectively) [21, 22]. Diabetic PAD patients are reported to have a higher risk of mortality,
morbidity, and poor outcomes than non-diabetics, as evidenced by results of previous studies
in which PAD patients with diabetes demonstrated a seven-fold increased risk of lower
extremity amputation ) [21, 23, 24]. In this study, subgroup analysis was performed based
on diabetes status, and a similar pattern of higher velocity at the proximal site followed by

a decrease in velocity distally was observed among the non-diabetic PAD patients. However,
in diabetic PAD patients, the difference in maximum and average velocities between the
proximal and distal SFA locations did not differ significantly.

Vascular remodeling in diabetic PAD patients, affecting vascular compliance and eventually
blood flow velocity, may differ from than in non-diabetics. A study by Zamin et

al. established that vascular remodeling in PAD patients is mostly associated with
atherosclerosis, a condition of low-grade chronic inflammation and arterial calcification
[25]. Their study also reported a higher prevalence of severe medial calcification with or
without an occlusive arterial disease in PAD patients with diabetes [25, 26]. In our study,
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higher median velocity at the proximal and distal sites was observed among the diabetic
PAD patients compared to non-diabetic PAD patients. Thus, increased arterial stiffness in
the diabetic PAD cohort may be associated with an increased velocity as measured by MRI.
The lack of a significant difference in the velocities between the two locations might be
due to reduced arterial wall compliance and lack of sensitivity from arterial wall stiffness
including medial calcification [11, 27, 28]. Medial arterial calcification, which is common
in diabetic patients, reduces arterial wall compliance and elasticity [23, 29, 30]. However,
pulse wave velocity measurements were not part of this study [31]. In that context, the
applicability of an ABI in patients with calcified vessels (which is common in diabetics) is
markedly limited, as the peripheral arteries often become incompressible when calcifications
are severe, resulting in an inaccurate or non-diagnostic test [9, 32].

2D-PC-MR imaging has been used previously to assess hemodynamic characteristics
in PAD patients [33]. Mohajer et al. found a positive correlation between 2D-PC-MRI
SFA mean peak flow velocity and PAD severity [33]. The mean peak velocity was also
significantly lower distally to SFA lesions, which is in agreement with our findings.

A comparative analysis of the volumes, however, did not show any significant difference

in the vascular total volume, wall, and luminal volumes between diabetic and non-diabetic
groups. This finding further supports the assumption that the increase in proximal and distal
maximum velocities among diabetic PAD patients is not due to any apparent changes in the
vascular morphology, but possibly due to arterial wall pathologies including increased wall
stiffening and reduced vascular compliance, which is known to be affected by diabetes [25].

Diabetic PAD patients may have falsely elevated or near normal ABI values, possibly due
to arterial stiffness caused by medial calcification, contributing to arterial stiffness [25,

26]. However, our analyses did not identify any significant differences in ABI between
diabetic and non-diabetic PAD patients. Among the other clinical markers, claudication
onset time and initial distance walked were significantly higher among the non-diabetic
PAD patients than in the diabetic PAD group. The early onset of claudication and lower
initial distance walked in the diabetic group further supports our above discussion regarding
more progressive disease in diabetic PAD patients. The results of this study further provide
support for the notion that 2D-PC-MRI derived velocity measurements maybe of value in
assessing disease severity, especially in diabetic PAD patients [8].

The VPI is a measure of arterial occlusive disease which has been validated in previous
studies [34-36]. The VPI is usually increased in stenotic vessels or in the presence of high
vascular resistance [34, 35]. The higher VVPI values in diabetic PAD patients observed in this
study suggest higher arterial resistance in diabetic patients and might explain the similar VVPI
at the proximal and distal imaging locations [34, 36].

The present study has limitations. As this is a secondary analysis of data collected from
ELIMIT, all limitations of the primary study apply. The gender distribution was imbalanced
in this study. Additionally, this study was not powered to detect 2D-PC-MRI derived
velocities between diabetic and non-diabetic PAD patients. 2DPC-MRI tracings were

done by two readers. Duplex ultrasonography is one of the most widely used diagnostic
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tools for detecting disease severity and location or length of stenosis in the aortoiliac

or femoropopliteal obstructions. Studies have shown that contrast-enhanced MR imaging
has excellent sensitivity and specificity for the diagnosis of PAD. A comparative analysis
between ultrasonography and MRI, two-gold standard diagnostic modalities, is beyond the
scope of the present study [37]. Although the diabetic and non-diabetic PAD groups were
unbalanced, the overall percentage of diabetics in this study is in line with national disease
statistics. This study focused on MRI and therefore may not be applicable to patients with
MR contraindications.

5. Conclusions

In conclusion, 2D-PC-MRI SFA velocity measures are reproducible and may be of interest
in assessing diabetic and non-diabetic PAD patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Two-dimensional-phase-contrast magnetic resonance imaging (2D-PC-MRI) of the right

distal superficial femoral artery (SFA) in a non-diabetic peripheral artery disease (PAD)
patient. Panel A) Magnitude image depicting the background correction region of interest
in the vastus medialis (red contour) and the SFA (green arrow). Panel B) Corresponding
phase-contrast image showing the SFA (green arrow).
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Baseline patient characteristics.

Table 1.
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Diabetic PAD Patients

Non-Diabetic PAD Patients

Variables All Patients (Total, N=70) (N=27) (N=43) P-value
Age (years) 63.15 + 6.33 62.49 + 6.08 63.56 + 6.5 0.92
Male sex, n (%) 64 (91.43) 24 (34.29) 40 (57.14) 0.67
Black race, n (%) 13 (18.57) 4(5.71) 9 (12.86) 0.52
Body mass index (kg/m?) 29.9 (25.2, 35.5) 31.3(28.5, 39) 27.7(23.8, 33.8) 0.051
Aspirin, n (%) 69 (98.57) 27 (38.57) 42 (60.00) 1.00
Statin, n (%) 68 (97.14) 26 (37.14) 42 (60.00) 1.00
Current smoking, n (%) 32 (45.71) 9 (12.86) 23 (32.86) 0.10
Diabetes mellitus, n (%) 27 (38.57) 13 (18.57) 14 (20.00) 0.53
Hypertension, n (%) 57 (81.43) 23(32.86) 34 (48.57) 0.52
Hyperlipidemia, n (%) 64 (95.52) 24 (35.82) 40 (59.70) 1.00
Coronary artery disease, n (%) 21(32.31) 10 (15.38) 11 (16.92) 0.22
History of revascularization, n (%) 27 (38.57) 10 (14.29) 17 (24.29) 0.83
Triglyceride (mg /dI) 134.0 (80) 145 (102, 192) 128 (95, 177) 0.63
Non-HDL cholesterol (mg /dl) 123.5 (100, 152) 113 (84, 164) 130 (109, 151) 0.28
LDL cholesterol (mg /dI) 96.0 (73, 121) 84.50 (61, 126) 101 (79, 120) 0.18
HDL cholesterol (mg /dl) 40.5 (34, 47) 35.0 (32, 47) 42 (35, 47) 0.11
C-reactive protein (mg /dlI) 3.0(1.7,5.4) 4.26 (1.9, 8.08) 279 (1.7,4.7) 0.08
Total cholesterol (mg /dl) 168.0 (137, 200) 157.73 (127, 200) 173 (146, 200) 0.18

Values are reported as mean (standard deviation), medians and interquartile range (IQR), and as frequencies (percentage). PAD: peripheral artery
disease. For hyperlipidemia, LDL cholesterol, and coronary artery disease: total n=26.
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Table 2.

Intra-reader reproducibility and inter-reader variability.

Individual ICC, mean

Average ICC, mean

Intra-reader ICC for SFA Velocities

Page 13

Intra-reader ICC for Background Correction Tracings

Individual ICC, maximum 10

N (patients) ICC Cl (95%) N (patients) ICC Cl (95%)

10 0.996 0.996 - 0.997 10 0.99 0.986 — 0.992

10 0.998 0.998 - 0.998 10 0.995 0.993 - 0.996
0.999 0.999 - 0.999 10 0.972 0.961 - 0.980
0.999 0.999 - 0.999 10 0.986 0.980 - 0.989

Average ICC, maximum 10

Individual ICC, mean

Average ICC, mean

Inter-reader ICC for background correction tracings

20
20

Individual ICC, maximum 20

Average ICC, maximum 20

0.988
0.994
0.948
0.973

0.986 — 0.989
0.993 - 0.994
0.921-0.964
0.959 - 0.981

ICC and confidence interval were calculated using a two-way model. SFA: Superficial Femoral Artery. ICC: intra-class correlation. Cl: Confidence

interval.
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Magnetic resonance imaging measured superficial femoral artery velocities at the proximal and distal imaging

locations.

Proximal Location

Distal Location

Pooled Data (N=70) N Median (IQR) N Median (IQR) P-value
Average velocity, cm/s 70 26.8(16.4,37.1) 69 18.88(11.1,28.6) <0.001
Maximum velocity, cm/s 70 43.97 (20.4, 65.2) 69 34.9(16.9,51.7) <0.001
Minimum velocity, cm/s 70 4.13(1.99,9.18) 69 4.31(247,7.4) 1.00
Velocity pulsatility index (VPl) 70  1.65 (1.02, 1.83) 69 1.5(0.74,1.8) 0.015
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Table 4.

Magnetic resonence imaging measured superficial femoral artery velocities and measures of plaque burden,
and clinical markers of PAD of diabetic and non-diabetic PAD patients.

Diabetic PAD Patients Non-Diabetic PAD Patients

N Median (IQR) N Median (IQR) P-value

A. MRI Parameters

SFA Velocities

Proximal SFA average velocity, cm/s 27  28.0(20.53, 44.83) 43 24.75 (24.75, 34.45) 0.08
Proximal SFA maximum velocity, cm/s 27  53.6 (38.73, 89.43) 43 41.49 (15.9, 60.75) 0.033
Proximal SFA minimum velocity,cm/s 27  4.05 (2.13, 8) 43 7.29(15,9.2) 0.50
Distal SFA average velocity, cm/s 27  25.85(15.2,51.96) 42 15.89 (9.92, 24.65) 0.021
Distal SFA maximum velocity, cm/s 27 40.8(23.7,71.90) 42 27.4(12.54, 41.67) 0.012
Distal SFA minimum velocity, cm/s 27 492 (5.73,7.34) 42  4.33(4.33,7.75) 0.53
Delta minimum velocity, cm/s 27 -0.02 (-1.59, 1.71) 42 0.159 (-1.7,2.18) 0.93
Delta maximum velocity, cm/s 27 2.81(-5.6,20.17) 42 4.88(15,20.14) 0.49
Delta average velocity, cm/s 27 1.21(-2.14,10.8) 42 6.53(0.56, 12.63) 0.26

SFA Plaque Burden Measures

SFA wall volume, cc 27  0.042 (0.030, 0.050) 43 0.037 (0.030, 0.05) 0.41
SFA Iumen volume, cc 27 0.016 (0.008, 0.024) 43 0.017 (0.009, 0.023) 0.95
SFA total volume, cc 27 0.059 (0.041, 0.074) 43 0.056 (0.043, 0.065) 0.59
24Mo A of SFA wall volume, cc 14 0.041 (0.031, 0.051) 24 0.038 (0.031, 0.045) 0.62
24Mo A of SFA lumen volume, cc 14 0.019 (0.012, 0.032) 24 0.012 (0.007, 0.025) 0.14
24Mo A of SFA total volume, cc 14 0.062 (0.047, 0.082) 24 0.059 (0.039, 0.068) 0.27

B. Clinical Markers of PAD

Ankle brachial index 22 0.78(0.64, 0.89) 31 0.8(0.66, 1.0) 0.32
Claudication onset time, (min) 21 0.56(0.3,2.04) 33  1.30(1.13,2.15) 0.025
Peak walking time, (min) 22 3.05(1.19,4.16) 33 249 (1.48,4.02) 0.67
Initial distance walked, (miles) 19 0.02 (0.0, 0.06) 33 0.04(0.03, 0.08) 0.003
Absolute distance walked, (miles) 20 0.09(0.05, 0.135) 33 0.09 (0.06, 0.18) 0.69

PAD: peripheral artery disease; SFA: superficial femoral artery; MRI: magnetic resonance imaging; Delta (A) refers to the velocity difference
between the distal and proximal SFA locations. Mo: month.
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MRI velocity differences between the proximal and distal imaging locations for diabetic and non-diabetic PAD

patients.

Proximal SFA Location Distal SFA Location  P-value
Diabetic PAD Patients N Median (IQR) N Median (IQR)
Average velocity, cm/s 27 27.98 (20.532, 44.83) 27 25.85(15.21,39.55) 0.25
Maximum velocity 27 53.63(38.73, 89.43) 27 40.78 (23.71,71.91) 0.25
Minimum velocity 27  4.056 (2.13, 7.98) 27 4.31(0.77,7.34) 1.00
Velocity pulsatility index 27 1.74(1.43,1.91) 27 1.73 (1.20, 1.90) 0.24
Non-Diabetic PAD Patients
Average velocity 43 24.753 (9.76, 34.45) 42 15.90 (9.92, 24.66) <0.003
Maximum velocity 43 39.72 (15.9, 60.3) 42 27.4 (12.54, 41.67) <0.003
Minimum velocity 43 4.43 (1.55,9.20) 42 4.33(2.47,7.76) 0.88
Velocity pulsatility index 43 152 (0.66, 1.74) 42 1.38(0.60, 1.73) 0.043

PAD: peripheral artery disease; SFA: superficial femoral artery; MRI: magnetic resonance imaging.
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Associations between the ankle brachial index (ABI) and magnetic resonance imaging velocity parameters.

Independent Variable N BETA SE R? Adjusted R2  P-value
Pooled Analysis

ABI  Proximal SFA average velocity, cm/s 53 0.005 0.002 0.156 0.139 0.004
Proximal SFA maximum velocity, cm/s 53  0.003 0.001 0.152 0.135 0.004
Proximal SFA minimum velocity, cm/s 53 0 0.004 0 -0.019 0.90
Distal SFA average velocity, cm/s 52 0.003 0.002 0.044 0.025 0.13
Distal SFA maximum velocity, cm/s 52 0.002 0.001 0.052 0.033 0.10
Distal SFA minimum velocity, cm/s 52 -0.003 0.005 0.007 -0.013 0.56
Delta SFA average velocity, cm/s 52 0.009 0.003 0.133 0.116 0.008
Delta SFA maximum velocity, cm/s 52 0.005 0.002 0.132 0.114 0.008
Delta SFA minimum velocity, cm/s 52 0.004 0.005 0.01 -0.01 0.49

Diabetic PAD Patients

ABI  Proximal SFA average velocity, cm/s 22 0.006 0.003 0.155 0.112 0.07
Proximal SFA maximum velocity, cm/s 22 0.003 0.001 0.168 0.126 0.06
Proximal SFA minimum velocity, cm/s 22 -0.005 0.009 0.013 -0.037 0.61
Distal SFA average velocity, cm/s 22 0.002 0.003 0.028 -0.021 0.46
Distal SFA maximum velocity, cm/s 22 0.002 0.001 0.048 0.001 0.32
Distal SFA minimum velocity, cm/s 22 -0.01 0.008 0.072 0.025 0.23
Delta SFA average velocity, cm/s 22 0.007 0.004 0.106 0.061 0.14
Delta SFA maximum velocity, cm/s 22 0.003 0.002 0.09 0.044 0.18
Delta SFA minimum velocity, cm/s 22 0.039 0.018 0.183 0.142 0.047

Non-Diabetic PAD Patients

ABI  Proximal SFA average velocity, cm/s 31 0.007 0.002 0.227 0.201 0.007
Proximal SFA maximum velocity, cm/s 31 0.003 0.001 0.230 0.203 0.006
Proximal SFA minimum velocity, cm/s 31 0.001 0.005 0.001 -0.034 0.89
Distal SFA average velocity, cm/s 30 0.008 0.003 0.189 0.160 0.016
Distal SFA maximum velocity, cm/s 30 0.004 0.002 0.183 0.154 0.018
Distal SFA minimum velocity, cm/s 30 0.002 0.007 0.004 -0.032 0.76
Delta SFA average velocity, cm/s 30 0.011 0.005 0.141 0.111 0.041
Delta SFA maximum velocity, cm/s 30 0.006 0.003 0.161 0.131 0.028
Delta SFA minimum velocity, cm/s 30 0.000 0.005 0.000 -0.036 0.96

BETA: parameters estimate; SE: standard error; PAD: peripheral artery disease; SFA: superficial femoral artery; ABI: ankle brachial index. Delta
refers to the velocity difference between the distal and proximal SFA locations.
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