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Objectives: Mechanical data on the development of ascending aortic aneurysms are not readily available. Methodologies in previous studies based on histologic studies and  echocardiographic aortic examination in patients and experimental animals have spared the ascending aorta or have provided unrefined data. Therefore, this prospective study was designed to measure and compare mechanical elastic data in normal ascending aortas (AAs) and ascending aortic aneurysms (AsAAs)  using epiaortic echocardiography. These data were correlated with the size of the aneurysms the evolution in their diameter and the possibility of rupture.

Methods: Data was obtained from thirty AAs (twenty four males, six females, mean diameter 3.014cm) and fourteen AsAAs ( twelve males, two females , mean diameter 5.03cm). After sternotomy, a 15MHz epiaortic echocardiographic probe was applied to the aorta. Under synchronous continuous electrocardiographic and blood pressure recording, peak systolic and end-diastolic aortic diameter, aortic wall thickness, and atherosclerotic grade were recorded and averaged for three consecutive cardiac cycles. Separate sets of measurements were  obtained in the neck, transition zone and belly of each aneurysm. Aortic diameter, Aortic surface area, Wall thickness, Aortic Distensibility (Dist), Aortic Wall Stress (WS), Incremental elastic modulus (indicator of circumferential wall forces) (Einc), were calculated. Statistical analysis employed Student’s t-test, linear and second order regression analysis (p<0.05) 

Results: Aortic distensibility was significantly higher in AsAAs (11.08 vs 4.328, p<0.01). Average aortic Wall stress values were 83.1 in AAs and 238.6 in AsAAs (p<0.01). Einc was also 5 times higher in AsAAs (0.698 vs 3.049 p<0.01) reflecting the significant increase in circumferential forces at the aortic aneurysmal wall. Regression analysis showed also significant correlations between aortic diameter and  Einc and aortic Distensiblity in normal aortas (p<0.006 and p<0.001 respectively). In AsAAs  aneurysmal diameter was positively correlated  with Einc (p<0.05).Mechanical data  in the AsAA group defined two AsAA subgroups. Group 1 (n=6 higher diameter) had low Distensibility, high Wall stress and high Einc. Group 2 (n=8-lower diameter ) had significantly higher Distensibility, lower Wall stress and lower Einc (all p<0.05).The progressive decrease in distensibility with the resultant increase in Wall stress and Einc, is either due to the normal elastic degradation as the diameter of the aneurysm increases or it represents aneurysms that possess more elastic elements at a given diameter and can potentially reach higher size.

Conclusions 

1. Normal aortic distensibility decreases with increasing  diameter

2.AsAA distensibility is much higher than normal values for the same diameter but decreases rapidly as AsAA diameter increases.

3.Aortic wall stress increases exponentially as AsAA diameter increases

4.AsAAs with diameter > 6cm have extremely high Wall stress and Einc values

5. AsAAs from a mechanical standpoint fall into two categories; 

a. Smaller diameter,  higher distensibility and lower wall stress/Einc

b. Higher diameter, low distensibility, high wall stress/Einc.

This discrepancy reflects either a subgroup of aneurysms with more elastic elements or is merely the mechanical evolution of AsAAs towards higher diameters.

