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Introduction

Abdominal aortic aneurysm (AAA) is the 13" leading cause of death in the United States. As AAAs develop and grow, inflammatory processes
weaken and stiffen the aortic wall. Understanding the local strain environment as well as the elastic characteristics of the aortic wall may not only
help predict AAA growth and rupture, but is also essential for developing appropriate fixation techniques for aortic stent-grafts, which are typically
placed after an aneurysm diameter exceeds 5.5 cm (men) or 4.5 cm (women). While many studies have examined the elastic characteristics of AAAs,
few have examined the strain environment and elastic properties of the aorta proximal to an AAA, where aortic stent-grafts are affixed. This study
uses a magnetic resonance imaging (MRI) bright-blood technique to quantify luminal strain and elastic properties of the aortic wall at the supraceliac
(SC), infrarenal (IR), and mid-aneurysm (MA) locations (Figure 1).

Methods

We imaged 23 men (mean age 66.6+4.7 years) with known small AAAs (<5.0) cm in the supine position using a 1.5T GE MR scanner and an 8-
channel cardiac coil. Imaging studies were conducted under a protocol approved by the institutional review board, informed consent was obtained
from all subjects, and all patients were screened for contraindications to MR and gadolinium usage, including renal insufficiency. A 3D gadolinium-
enhanced magnetic resonance angiography (MRA) sequence was used to image the aorta. A cardiac-gated 2D cine FIESTA sequence (Fast Imaging
Employing Steady State Acquisition) was prescribed from the MRA and a localizer scan perpendicular to the aorta at the SC, IR, and MA levels.
Luminal motion images were acquired during a single breath-hold (24-45 seconds) and 20 frames were reconstructed over the cardiac cycle. Imaging
parameters included a: 224x192 acquisition matrix, 8.0 mm slice thickness, TR of 4.0 ms, TE of 2.0 ms, a 50° flip angle, and 6 views-per-segment.
Brachial systolic and diastolic blood pressures were acquired immediately after the scan using an automatic pressure cuff. Of the 23 datasets
collected, 9 were excluded from analysis due to poor image quality resulting from failure to complete the breath-hold and/or poor gating for one or
more of the luminal motion datasets.

For each patient at each location, the aortic lumen was segmented at each of 20 reconstructed frames using a thresholding technique. The
segmentations were smoothed to eight Fourier modes, and the segmental circumference was used to calculate an equivalent diameter. Mean diameter,
Dineans and deformation, AD (AD=Diameter,,,-Diameter,,;,), were calculated. In addition, brachial blood pressures were used to calculate pulse
pressure, AP (AP =Pressure,yoi-Pressuregigole). Brachial blood pressures were assumed to be similar to intraaortic pressure [1]. The circumferential
Green-Lagrange strain (Egg), maximum circumferential Green-Lagrange strain (Max Egg), and pressure-strain elastic modulus (Ep) were calculated
(equations 1) for each patient at each location.

Results and Discussion
The deformation (AD), maximum circumferential Green-Lagrange strain (max Egg), and pressure-strain elastic moduli (E,) are shown in Table
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Table 1: The age, blood pressures, deformations (AD), maximum circumferential Green-Lagrange strains (Max Egg), and the pressure-
strain elastic modulus (Ep) for all 14 patients are shown above.
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Figure 1: The location of the lumen-motion acquisition for ~ Figure 2: The circumferential Green-Lagrange strains (Egg) at each frame aver- work includes quantifying thrombus burden at the
subject 6 is shown above. SC=supraceliac, IR=infrarenal, aged over 14 subjects at the SC, IR, and MA locations are shown above. . .
and MA=mid-aneurysm. MA location from already-acquired black-blood
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