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OBJECTIVE: To measure the pulsatility of human aneurysms before and after complete exclusion with an endograft.

METHOD: Five aortic aneurysms obtained during necropsy were submitted to pulsatile perfusion before and after implantation

of a bifurcated endograft. The specimens were contained in a closed chamber filled with saline solution. A vertical tube attached

to the chamber was used to measure volume dislocation in each systole. Mural thrombus was kept intact, and the space around the

device was filled with human blood. After each experiment, the aneurysm was opened to check for the correct positioning and

attachment of the device.

RESULTS: The level of the saline column oscillated during pulsation in each case, with respective amplitudes of 17, 16, 13, 7,

and 25 cm before the endograft insertion. After the insertion, the amplitudes dropped to 13, 12, 9, 3.5, and 23 cm, respectively. The

differences were not significant. During the post-experimental examination, all devices were found to be in position and well

attached to the neck and iliacs. No endoleak was detected during perfusion or by visual inspection.

CONCLUSION: Pulsation of an endograft is transmitted to the aneurysm wall even in the absence of endoleak, and should not

be interpreted as procedural failure.
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Endovascular aneurysm repair (EVAR) aims to prevent

expansion and rupture, by completely excluding blood flow

from contact with the aneurysm wall. Radiological dem-

onstration of a type I or III endoleak is always taken as a

failure of the procedure; however, several recent reports

have shown that aneurysm enlargement can occur without

demonstrated endoleak,1,2 leading to a search for non-ra-

diological predictors of late failure3. Some of these are sac

pressurization (endotension), pulsatile wall motion, and

aneurysm sac pulsatility.

Endotension is defined as continued sac pressurization

without endoleak, after extensive investigation proving

that endoleak is not present.4,5 Pressure might be trans-

mitted through the walls of the endograft, through

pulsatile movements of the graft wall, through a throm-

bus lining the attachment site or through a thrombus seal-

ing an endoleak.

Pulsatile wall motion (PWM) is an ultrasonographic

concept that reflects the intraluminal systolic-diastolic pres-

sure flutuations.6 PWM correlates with aneurismal pulse

pressure (the difference between systolic and diastolic pres-

sure), but not with mean pressure.7,8

Aneurysm sac pulsatility (ASP) is a clinical definition

based on an expected reduction in aneurysm movement af-

ter EVAR.8 Pulsatility may be the result of sac pressuriza-

tion, but not in all cases. Theoretically, a situation in which

the pressure is high but constant results in no pulsatility.
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Conversely, low pressures with wide systolic-diastolic vari-

ation may cause wide pulsatility.6,7,8

The importance of aneurysm pulsation after EVAR is

still not clear. Some believe that it represents incomplete

exclusion of the aneurysm,9 while others accept it as inde-

pendent of endoleak or endotension. During a conference

of experts in the field held in the year 2000, the following

question was posed: “If an abdominal aortic aneurysm is

pulsatile after endovascular abdominal aortic aneurysm re-

pair, it is evidence of an endoleak?” Fifteen of the 26 re-

spondents disagreed, nine agreed, and two were uncertain.10

Although there has been intense research in this field,

based mainly in animal models or prosthetic aneurysms,

there is a lack of important biomechanical analysis related

to human aneurysm tissue and hemodynamic flow. This

experimental study was designed to measure the pulsatility

of human aneurysms before and after complete exclusion

by EVAR, and was approved by the Institutional Ethics and

Research Committee.

METHOD

Five infrarenal aortic aneurysms were obtained during

human necropsies one to three hours post-mortem. None

of them were ruptured nor were they the cause of death.

The dimensions of each aneurysm are shown in Table 1.

A complete arterial segment, comprising the aorta

from the renal arteries to the external iliacs, was harvested

and dissected. The stumps of all branches were ligated

and the aneurysms were not opened, thus preserving the

intact mural thrombus. The specimens were conserved at

temperatures lower than -4 ºC until the date of the ex-

periment, a period that ranged from one to seven days.

Prior to the experiment, the specimens were thawed to

room temperature and used as soon as the process of thaw-

ing was completed.

The pulsatility of the aneurysms was measured using a

flow simulator. This consists of a pump which promotes

pulsatile flow with controlled pressures and frequency.

These parameters were set at 120 X 60 mmHg and 80

pulses/minute, respectively. The specimens were tied to the

pump at the aortic neck and the external iliacs, and the in-

ternal iliacs were ligated. The circulation fluid was an aque-

ous glycerol solution with a volume ratio of 40:60 water

to glycerol, which has been shown to have a viscosity com-

parable to that of blood.11

The aneurysm and the pump terminals were contained

in a transparent cylinder made of acrylic, totally closed ex-

cept for a hole in the upper edge where a graduated glass

tube was attached (Fig. 1 and Fig. 2). This cylinder was

Table 1 - Diameters measured in the 5 specimens.

Experiment # Proximal neck Proximal neck Maximum Aneurysm Right common Left common

diameter (cm) length (cm) diameter (cm) length (cm) iliac artery iliac artery

diameter (cm) diameter (cm)

1 2.2 4.1 4.4 6.7 2.2 2.6

2 2.5 2.3 7.0 12 1.7 1.6

3 2.0 4.8 4.3 5.7 2.6 2.4

4 2.6 2.3 4.2 5.1 1.8 1.7

5 2.8 1.4 6.0 6.5 1,5 1,4

Figure 1 - Schematic representation of the perfusion system.

Figure 2 - Aneurysm being submitted to pulsatile perfusion.
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completely filled with saline in order to allow for quanti-

tative measurement of the volume dislodged in each pul-

sation by observing the rise and fall of the level in the

graduated tube and the qualitative behavior (movements)

of the aneurysm sac. The variation in the column level at

each cycle of the pump was registered and used to calcu-

late the volume dislodged by the aneurysm pulsation, here-

after called V. Thus, pulsatility was measured using volu-

metric variations rather than changes in diameter.

After recording the pulsatility, each aneurysm was re-

moved from the system, and a bifurcated endograft was

implanted. The device used in all cases was the Vanguard

II (Boston Scientific, Natick, MA), a nitinol-polyester

endograft already discontinued due to failures, but with a

short-term behavior similar to other devices made of the

same components.12

The implant was carried out under direct observation

through the sectioned aortic neck, with the non-covered

stents over the ostia of the renal arteries. The branches were

extended to the common iliacs. For the contralateral limb,

passage of the guidewire through the stump in the device

was performed in a reverse direction – from the aortic neck

to the iliac, with the stump visible through the neck. In four

cases, angioscopy was used as an aid to check for correct

positioning. In all cases, banding of the aortic neck and

common iliacs was performed to avoid any possibility of

leakage at those sites. In cases #1 and #3, the banding cre-

ated a neck in the large iliacs.

The space remaining between the device and the mu-

ral thrombus was filled with human blood obtained from

the blood bank and not usable for transfusion due to ex-

cessive storage time. Calcium citrate was added to reverse

anticoagulation, and the infusion was made through a can-

nula inserted between the device and the aortic wall until

blood stopped passing to the graft lumen, confirming clot-

ting of the fabric. This was done intentionally to reproduce

the clinical situation, where the endograft is surrounded by

recent clot and by the mural thrombus, and also to promote

sealing of the fabric mesh.

After the implant, the aneurysms were replaced in the

simulator in the same position as before, and submitted to

perfusion at the same pressures and pulse rates. After these

procedures, the aneurysm sac was completely excluded

from the circulatory circuit by an endovascular graft.

The variation in the level of the column of saline in the

graduated tube was recorded, and the volume dislodged was

compared with the previous data for the same specimen.

A Wilcoxon Signed-Rank Sum test was performed with the

data, assuming 0.05 as α.

At the end of each experiment, the aneurysm was

opened to check for the correct positioning of the endograft.

RESULTS

The rise and fall of the saline level for each experiment

was constant, indicating that all branches were ligated and

no communication occurred between the perfusion media

and the liquid around the aneurysm.

The values of V for each experiment are shown in Table

2. Although there is a tendency toward a reduction in

pulsatility after EVAR, no statistical significance was found.

Besides the volumetric variation, it was possible to ob-

serve that all the aneurysm specimens displayed movements

before and after implant of the endovascular graft.

During the post-experimental examination of all of the

specimens, the device was found to be well adapted and

positioned. A recent thrombus was found around the de-

vice, and the mural thrombus was intact (Fig. 3). No evi-

dence of leakage or detachment was encountered. The

space between the endograft and the mural thrombus was

found to be filled only with the recent clot; no glycerin was

present, indicating that the perfusion solution did not pass

through the clotted fabric of the graft.

DISCUSSION

This is the first bench top experiment on EVAR carried

out with human aortic aneurysm tissue. The biological soft

Table 2 - Pulsatility before and after endograft implantation

in the 5 aneurysms, represented by volume variation.

Variation was not significant at p<0.05.

Experiment # Volume variation Volume variation after

before implant (ml) implant (ml)

1 22.2 17

2 20.9 15.7

3 17 11.8

4 9.1 4.6

5 32,7 30.1

Figure 3 - Inspection of an aneurysm after an experiment, showing mural

thrombus and recent clot around the device.
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tissue is a heterogeneous material consisting of a complex

arrangement of many individual components, each with a

unique biomechanical behavior.13 A striking contrast between

human aneurysm tissue and prosthetic tissue or even animal

models of aneurysms8,14,15,16 should be expected.

We chose to use glycerin as a perfusate instead of blood

in order to keep the conditions constant before and after

implantation. Blood tends to change viscosity when the

machine is stopped, even when anticoagulation is used, and

would require the system to be washed between the two

phases. In addition, different blood samples do not have

the same physical characteristics.

Despite the care taken in pre-clotting of the fabric, a

slight type 4 endoleak may have contributed to the results.

If this was an important factor, however, we should expect

to have found a considerable amount of glycerin in the

aneurismal sacs when they were opened after each experi-

ment; however, the aneurysms were found filled only with

clotted blood (no glycerin), showing that the fabric clot-

ting was effective.

Unlike in open surgery, endografts for aortic aneurysms

are implanted without opening the aneurysm sac. This re-

sults in the graft pulsating inside a closed chamber, and a

pulsatile wave being transmitted to the aortic wall through

the thrombus.

Our work is difficult to compare with other experimen-

tal data. First, we found greater aneurysm pulsatility be-

cause the aneurysms were tested without the constraint

forces normally attached to them. Second, we used human

aortic aneurysms, which clearly have different compliance

and elasticity from animal aortas and artificial aneurysms

sacs made of latex.

Our simulation indicates that transmission of pulsatility

from the device to the aneurysm wall does occur. It may vary

according to the material used in each particular graft, and

should be a concern for manufacturers.2,17,18 Pulsatility may

theoretically prevent aneurysm shrinking, and even promote

enlargement, because the motion can lead to the rupture of

wall fibers. However, it does not compromise the success

of treatment, since there is no flow inside the sac in the ab-

sence of an endoleak, but rather a transmission of a pulsatile

wave through static layers of clot. Even in the case of an

aneurysm rupture, hemorrhage may not occur.

In conclusion, pulsatility of an aortic aneurysm after

EVAR does not always indicate the existence of an

endoleak. It may be caused by wave transmission and

should not be interpreted as failure of the procedure, pro-

vided that the existence of an endoleak is ruled out.
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