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Elastase-Induced Aneurysms in Rabbits: Effect of

ORIGINAL . - .
reseArRcH | Postconstruction Geometry on Final Size
M. Onizuka BACKGROUND AND PURPOSE: Elastase-induced aneurysms in rabbits have become an accepted
L. Miskolczi model to study endovascular treatment. The size and shape of the resulting aneurysms may vary
M.J. Gounis vyidely. Our goal was to predict the final aneurysm morphology on the basis of immediate postinduc-
tion geometry.
J. Seong
B.B. Lieber METHODS: Thirty New Zealand white rabbits were used. Aneurysms were created at the origin of the
right common carotid artery (CCA). Intraluminal incubation of elastase was applied to the origin of CCA
A.K. Wakhloo

with proximal balloon occlusion of the artery. The aneurysms were allowed to mature for 3 weeks and
evaluated by digital subtraction angiography. We retrospectively measured neck diameter, dome
height, and aneurysm diameter, as well as the angle between the parent artery and the main axis of
the aneurysm neck. We performed correlation analysis with immediate postinduction geometry.

RESULTS: The diameter of the origin of the CCA measured immediately after elastase incubation
correlated positively to the mature aneurysm neck (P < .01). Moreover, the aneurysm neck both after
the aneurysm creation and at 3-week follow-up had a positive correlation with the final dome height
(P < .05). Finally, the dome height was related to the angle between the centerline of the innominate
artery and axis of the aneurysm neck for dome diameter-to-neck ratio of <1.5 (P < .05).

CONCLUSION: These results indicate that neck width immediately after creation and the curvature of
the parent artery are linked to the final aneurysm dimensions, and we may be able to predict the size

An appropriate animal model of intracranial saccular aneu-
rysms is needed for testing of a wide array of new devices.
Canine and swine carotid sidewall aneurysms have been
widely accepted by many investigators." In 1999, Cloft et al
introduced the elastase-induced aneurysm model in rabbits. It
has been refined in the intervening years for preclinical testing
of new endovascular devices.>”> These aneurysms, however,
vary widely in shape. No published study is available on the
stability of the aneurysm geometry after elastase induction.
We retrospectively analyzed the geometry of the aneurysms by
using digital subtraction angiography (DSA) at the time of
induction and compared the data with the final aneurysm di-
mensions at 3 weeks. The purpose of the study was to predict
the final aneurysm morphology on the basis of immediate
postinduction geometry.

Methods

Aneurysm Construction

Thirty New Zealand white rabbits (3—4 kg body weight) were used for
the study. Approval for the study was obtained from the animal care
and use committee at our institution. Aneurysms were created as
described elsewhere.? In brief, anesthesia was induced by intramus-
cular injection of 35 mg/kg ketamine and 5 mg/kg xalazine and con-
tinued by inhalation of 1.0%-1.5% isoflurane. The right common
carotid artery (CCA) was isolated, and a 6F introducer sheath was
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of aneurysm on the day of creation.

placed in a retrograde fashion. The CCA was ligated distal to the
sheath in a sterile fashion. A balloon catheter was positioned at the
right CCA origin, and a microcatheter was advanced side by side with
the shaft of the balloon catheter. To avoid any damage to the balloon
catheter, the microcatheter and the nondetachable silicone balloon
catheter (Endeavor, Target Therapeutics, Fremont, Calif) were placed
through the same 8F guiding catheter. The tip of the guiding catheter
was introduced into the sheath just beyond the diaphragm. The bal-
loon catheter positioned at the CCA origin was inflated with just
enough iodinated contrast medium (Omnipaque 300, Nycomed,
Princeton, NJ) to achieve flow arrest in the CCA. Subsequently, the
position of the microcatheter tip was verified by injection of approx-
imately 1 mL of contrast. After flushing the microcatheter with iso-
tonic saline, a solution containing 50 U of porcine pancreatic elastase
(5.23 U/mg, 40.1 mg/mL; Worthington Biochemical Corporation,
Lakewood, NJ) mixed with saline and iodinated contrast medium was
incubated in the dead space of the CCA, between the inflated balloon
and the ligature, for approximately 15 minutes. After incubation, the
elastase solution was removed via the sheath by aspiration, and the
balloon was deflated. Contrast injection through the sheath into the
brachiocephalic trunk displayed the washout of the contrast at the
CCA origin and verified initial dilation. We measured the diameter of
the origin CCA on the DSA images immediately after elastase incuba-
tion by using a metal washer as a calibration marker (Fig 1). Both the
balloon catheter and microcatheter were removed, the sheath was
withdrawn, and carotid artery ligature was secured. Finally, the
wound was closed in multiple layers with 3—0 Vicryl. The procedure
lasted for approximately 1 hour.

Follow-Up Angiography

Aneurysms were allowed to mature at least 21 days. Subsequently,
each animal underwent follow-up studies with selective arterial an-
giograms through a right femoral artery approach. After a cut-down
of the right femoral artery and placement of a 4F sheath, catheteriza-
tion was accomplished with a 4F guiding catheter. The tip of a 4F
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guiding catheter was placed in the innominate artery, and DSA angio-

grams were obtained in a plane that clearly depicted the aneurysm
neck. We then measured the geometric attributes of the created an-
eurysm such as dome height, dome diameter, and neck width (Fig 2).

Image Analysis

Angiograms of elastase-induced aneurysms in rabbits were acquired
by using a DSA angiography unit (Siemens Angiostar, Forchheim,
Germany). We used an imaging software (Merge eFilm 1.5, Milwau-
kee, Wis) to convert the DICOM images generated by the angiogra-
phy unit into JPEG format and transferred to a personal computer for
further analysis. The grayscale JPEG images of the aneurysms and
vasculature in their immediate vicinity were then converted to binary
images by threshold filtering by using Adobe Photoshop 5.0 (Adobe
Systems, San Jose, Calif) and Scion Image (shareware NIH image-
processing program [http://www.scioncorp.com]) (Fig 3A). Values
greater than the threshold were considered noise and set to white,
whereas values less than the threshold were set to black. The center-
lines of the vasculature in the binary images were obtained by a par-
allel symmetric thinning operation,*? and the outline of the bifurca-
tion was found by an edge-detection operation in MATLAB
(MathWorks, Natick, Mass).® The high-performance thinning algo-
rithm executes fully symmetric erosion to obtain the centerline (Fig
3B). Once thinning operation was completed in each image, a poly-
nomial function was fit to the centerline of aneurysms and parent
arteries, and the angles between the parent arteries to aneurysm neck
were calculated from the tangents to the curves at their intersections
(Fig 3C, -D). Additional information on angle calculations is detailed
in the report of Seong et al.”

Statistical Evaluations

A regression analysis was performed by using Statview (SAS, Cary,
NC), and the Pearson correlation coefficient (r) was calculated for the
relationship between the angle between the aneurysm and parent ar-
tery, dome height, neck and dome width.

Results

On the basis of the ratio of dome diameter-to-neck width
(D/N) in 30 aneurysms (Table 1) we divided the constructed
aneurysms into 3 groups. The ratio D/N ranged from 0.59 to
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Fig 1. Angiogram shows the right common carotid artery
after elastase incubation. The arrow indicates the proximal
origin of the common carotid artery.

Fig 2. Three-week follow-up angiogram after creation of the
aneurysm. a, dome diameter, b, dome height, c, neck width.

Summary of dimensions

Location Average Value Range
Angle (°) 1246 =13 96-148
Dome height (mm) 10+28 47147
Dome width (mm) 42 +12 1.6-6.7
Neck width (mm) 3+15 0.9-8.7

Note:—Angle indicates the angle between innominate artery and aneurysm neck. Average
values are mean = SD.

3.78 with a mean of 1.47 * 0.6 mm (mean * SD). Eighteen
aneurysms were found to have a D/N <1.5, and the remaining
12 aneurysms showed a D/N >1.5. Sixty percent of the aneu-
rysm had a wide neck (D/N <1.5). Immediately after elastase
incubation the diameter of the origin CCA measured 2.9 = 0.8
mm (mean = SD; range, 1.25-5.07 mm) and correlated posi-
tively with the aneurysm neck at 3-week follow up (y = 0.715x
+ 0.882; * = 0.328; P < .01). Moreover, the aneurysm neck
both immediately after creation and at 3-week follow-up
showed a positive correlation with the final dome height (y =
1.349x + 5.96; * = 0.164; P < .05). Finally, the dome height
was found to be proportional to the angle between the innom-
inate artery and the aneurysm neck for D/N <1.5 (y =
0.132x — 7.51, 7 = 0.321; P < .05).

Discussion

In our study the geometric data of experimental aneurysms in
rabbits were similar to those reported previously by Short et
al® and comparable to those found in humans. In their series,
Short et al measured a width of aneurysmal pouch of 4.1 = 1.2
mm (mean * SDj; range, 2.5-7.1 mm). The aneurysm height
ranged from 3.0 to 15.6 mm (mean, 8.8 = 2.6 mm). The ge-
ometry of the parent vessel in relation to the orientation of the
aneurysm plays a significant role in determining the final
shape and size of the aneurysm. This may be related to local
hemodynamics in and around the aneurysm.’ Because the an-
gle of approach between the aneurysm neck axis and the in-
coming flow gets smaller, it is more likely that flow impinge-
ment will occur in the vicinity of the aneurysm distal neck or
inside the aneurysm itself. Therefore, the washout of blood
from the aneurysm dome with each heartbeat will be more
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rigorous. Consequently, a larger aneurysm volume will re-
main viable during the remodeling period. As the radius of
curvature of the parent vessel decreases, flow impingement on
the distal neck leads also to elevations in wall shear stress at
that region and, as a result, the impact zone at the distal neck of
the aneurysm increases, which can lead to formation of a wid-
er-neck aneurysm.

When experimental studies for testing various devices are
designed by using canine carotid sidewall aneurysms, the an-
eurysm size is controlled by the size of the vein-pouch used.
Treatment of the aneurysm and testing of devices can be per-
formed immediately after aneurysm creation; however, the
biologic response to devices or implants and their similarity to
the biologic response in humans have been criticized. The elas-
tase-induced aneurysm in rabbit represents a superior model
for the investigation of biologic response to bioimplant. The
size of rabbit arteries harboring the experimental aneurysm is
very similar to the size of human intracranial vessels and mac-
roscopically closely resembles bifurcation aneurysms found in
humans.® A maturation period of 2-3 weeks, however, is re-
quired before the final morphology of the created model can
be assessed.'”!" If one could predict the final morphology of
the constructed aneurysm immediately after creation, sub-
stantial savings in time, cost, and effort could result. Among
the 30 aneurysms we created, 60% were classified as wide
necked. The final aneurysm morphology could have been pre-
dicted on the basis of immediate postinduction geometry.

Limitations of this study include the relatively sparse data
base on which the geometric features were evaluated. Al-
though we attempted to obtain angiographic projections that
were parallel to the aneurysm/parent artery plane, some small
variations among the projections is unavoidable, because the

Fig 3. lllustration shows the angle between innominate
artery and the aneurysm. A, Original nonsubtracted an-
giogram. B, Skeleton image. C, Skeleton image with
center line. [, Angle between the parent artery and the
aneurysm neck

arterial structures of interest do not nec-
essarily lie in a flat plane. Therefore, it is
possible that differences in the projec-
tions may account for small differences
in aneurysm sizes. Another limitation of
this investigation is the lack of histologic
findings to compare with the radiologic
results. We are now pursuing improve-
ments to this aneurysm model to better
understand the relation between the he-
modynamic forces involved in vascular
remodeling and aneurysm growth.

Conclusions

Itappears that the geometric relationship
between the major aneurysm axis and
the parent artery in the elastase-induced
aneurysm in rabbits immediately after
construction play a significant role in de-
termining the local hemodynamics and,
consequently, the final aneurysmal ar-
chitecture. Histologic analysis is needed
to correlate histologic findings with the
local hemodynamics and further sub-
stantiate the angiographic results.
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