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“The physiologic, anatomic, and morphologic environment of endovascular grafts used for AAA, when implanted, and over time.”

By Juan Parodi, MD



DR. PARODI:  I don't want to repeat things, but I want to emphasize about the environment that this endograft is going to be.  Without any question, the distal abdominal aorta is the worst place to place an endograft.



It is a higher systolic pressure, and lower diastolic pressure, and a steeper rate of pressure rise than a thoracic aorta.  So the abdominal aorta is subjected to a very large pulsatile stress test.



Why is this, and why the pressure wave is different in the abdominal proximal and the distal aorta?  The reason is that the aorta tapers, and the cross-sectional area diminishes as we reach the bifurcation, and it becomes stiffer and more collagen, and less lasting.  



And also after 50 years of age, most of the patients reflect the pressure waves coming from the distal arteries, and this amplifies the pressure.  Next, please.



So this is the environment -- high pulse, pressure, and also it has a foreign body reaction of the recipient of the endograft.  This implies enzymes, macrophages, fibroblasts, changes in Ph, electrolytes, et cetera.



Corrosion is in this environment, and there are several causes of corrosion; changes in Ph, biological reactions, and also macro-motion between or among components, metal components, that eliminates the protective oxide layer, and then facilitates corrosion.



Changes in the morphology and the remodeling.  So in general we can say that complex vector forces are acting in an uninterrupted fashion promote material fatigue and motion of the components of the endograft.  Next, please.



To make things worse, this is not a one piece device.  It is a composite device, metal and fibroblast, and also it is interposed between two or three arteries of different sizes and compliances.



And I am going to show the next slide, please.  So this is the environment, and this is a normal artery, and the patient with a normal compliance, and then the neck has a different compliance, and very little, because it is contained, and then we have the third situation, in which the graft is expanded if it is not totally supported, it expands more, and so there is a different stress and a different situation that adds the stress to the endograft.  Next, please.



And this is a very simple, but in the initial testing this was not taken care of, and the  aneurysm forms never have a straight access.  Next.

This I took from Molina, and this is a motion, and we have seen this in fluoroscopy when we talk about compliance of the neck, and I can say that it can be seen very simply doing fluoroscopy that the balloon expandable doesn't expand during cylindrically, but with a self-expandable does expand.  



So the motion exists remotely in the self-expandable, at the level of the neck, and in the middle of the -- motion.  There is a radial motion, and a longitudinal motion, and these motions can be pulsatile or continuous.



For instance, we take radial motion, and we can have a pulsatile motion, and also an expansion of the neck as we are going to see with the self-expandable.  This is a radial continuous motion.  Next, please.



What we need.  We need to have a permanent attachment and sealing of the endograft, and long lasting integrity of the structure, and a patient to remodeling.  Next please.



We should take advantage of the experience we have had for the last 50 years doing open procedures.  Initially, device failures during the open procedure is very, very small.  



We have seen some dilation of the graft using the needed graft, and a few cases of wearing, false aneurysms, but after an average of 17 years, almost one out of every five cases had complications.



What is the difference between the open procedure and our procedure?  We should compare metal versus suture.  In the standard procedure, we don't have metal skeleton that we have in some endografts. 



In some endografts, we are using a thinner fabric, and also remember that we leave the sac intact, and we replace the inside.  We don't remove it or we don't wrap the graft with a sac.  Next, please.



So metal versus suture, I think that this is critical.  Without any question, the suture adapts much better to the wall, and to the fabric, than the metal.  Even if we use hooks, the hooks concentrates stress and discreet spots.  Next, please.



A very, very short thing to show you is that most of the failures that we had using the open device were device related.  So we were very proud after four years, or I'm sorry, after three years of initiation, that we had no failures.  Next, please.



But after two years, we started to have these kinds of failures that we all know, even ruptures.  Next, please.  So most of the failures were device related, and time related.  Next please.



Without any question, we are dealing with a different situation than having -- and during the first two years the only complication that we had was related to remodeling.  Failures were time related, and the first failure after two years.  Next, please.



But I can say that we were very happy with the endograft.  We were actually very proud saying that for two years that this is the best treatment that you can have.  Afterwards, you know, you are in trouble.  Next, please.



I think that it is good to compare balloon expandable versus self-expandable.  Balloon expandable has a high radial force, and high conformability.  It is usually one piece.



And what is important is that it produces immobilization of the recipient artery and the fibroblast.  Next.  The drawbacks are that it is rigid, and needs a balloon, does not follow neck dilation in the case of occurrence.  Next, please.



Self-expandable, low profile, flexible, can support the whole length of the endograft, expands when the artery dilates.  We don't know which is first.  Next, please.



Disadvantages.  Not completely adaptable to known cylindrical necks.  Less radial coarse, and tendency to expand the neck of the aneurysm.  This has been extensively studied with self-expandable stents in the coronary arteries.  Next, please.



We also need to remember the basic components of the wall, of the aneurysm in the wall of the neck.  We have two main components, elastin and collagen.



The elastin is a supported mesh-like structure that can be expanded 70 percent of the initial neck.  Collagen is composed of three helical polyceptide strains, tightly cross-linked, preventing extension of fibers.



What is important is that the extensibility of collagen is less than one percent of elastin.  Under normal conditions, less than one percent of the collagen fibers are loaded.  Next, please.



What happens with the balloon expandable?  The balloon expandables, we oversize 15 percent, depending on the neck.  The balloon expandable stretches the neck from the beginning and having continuous expansion.



This effect is achieved loading the collagen fibers from the beginning.  With a self-expandable stent, we create a continuous force of expansion that ends when a nominal diameter is reached, or when the collagen fibers are loaded.  Next, please.



So, self-expandable loads elastin in a progressive way, and dilates the neck, and when collagen is loaded, the dilation stops.  With a balloon expandable, the balloon expandable stent loads elastin and collagen from the beginning, and collagen, as I have shown before, is less expandable.  Thus, dilatation is less evident.  Next, please.



We did a study with 30 patients, and this is half of the patients, of the neck diameter after five years, and in 30 patients, we found that with a balloon expandable that we had no neck dilatation.  Next, please.



This is another basic study done using a study of compliance.  Next, please.  This study was done by Dubling, and I think it is a very interesting one.  This is pressure and this is diameter, and so it is compliance.  



This is a normal curve and this is after subjecting this specimen -- this was a human fresh external iliac to elastin.  You can see that eliminating the elastin fibers, we expand the artery, and using collagens, you further expand these, and all of the specimens ruptured.  Next, please.



So in summary with these balloon expandables, the neck becomes non-compliant, at least in our studies, and as well as seen in fluoroscopy, the neck does not move at all.  



With self-expandables, and Molina did the study, you have movement in every case.  So this neck became especially compliant.  The elastin fibers are loaded, and collagen fibers are loaded.  This partially loaded the collagen fibers.  Next, please.



And just to talk about endoleaks and pressures, I think this is very important.  This is a paper that was accepted for publication in General Vascular Surgery, and this is a model that we used for an artificially created aneurysm, with a side branch simulator, and lumbar arteries.  This was under a pulsatile flow.  Next, please.



And this one we found systemic pressure and aneurysm pressure.  We excluded aneurysm.  This is systolic, much lower inside the sac, and diastolic, and mean pressure.  Next, please.



In the presence of a Type One endoleak, making an orifice in the graft, we found that the systolic pressure was higher.  The systemic pressure was higher than the pressure inside the sac.



But the diastolic and mean pressure was higher outside than inside.  This obviously is a dynamic pressure measurement.  Otherwise, the sac would collapse the lumen, and this is dynamic during

-- next, please.



And we changed the size of the orifice, and making the orifice larger, this becomes more -- the pressure is much higher.  Next please.  So a small orifice, the pressure outside. Next, please.



And this is with the outflow, which is simulated in the lumbar artery, and this is clinically relevant because we have an endoleak without flow, and with a very high outflow, and let's say several lumbars open.  



So you have the diastolic pressure much lower than the pressure without any outflow.  And this patient, if this happens in a patient, you are going to have an acute rupture.  Next, please.



So these are the pressures with less flow, with more flow, and so you have more outflow and less pressure obviously.  Next, please.



And if you combine all of this, big orifice and different flows, with a small orifice and very high outflow, the pressure is very low.  So even in a patient with a Type One aneurysm, if we compare this with a clinical situation, very small flow, and Type One Endoleak, with several open lumbars, the pressure is going to be low.



And probably this patient has a low risk of rupture.  On the other hand, with a big orifice, without outflow, the pressure is going to be much higher, and the risk of rupture is going to be higher.  Next, please.



This is a combination, big orifice and small outflow; and small orifice, and a high outflow.  Next, please.  And this is what we have seen in clinical settings.  



We have seen patients that the aneurysm decreases in size, and almost vanished, but after 2 or 3 years, if this patient develops an acute endoleak, this patient is in a big danger of a rupture.



It has no outflow, and the wall of the aorta is atrophic.  So in testing, I think this could be interesting to see how the material fatigue behaves, in terms of having these dynamic changes inside the sac.  Thank you.

