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BACKGROUND AND PURPOSE: Reproducible animal models with appropriate neck size are crucial for
preclinical assessment of aneurysm therapies. Our purpose was to determine whether the neck size
of elastase-induced aneurysms could be controlled by adjusting the position of the temporary occlu-
sion balloon.

METHODS: Seventy-two elastase-induced aneurysms in rabbits were retrospectively analyzed. Three
groups (group 1, n � 35; group 2, n � 32; group 3, n � 5) were defined according to different balloon
position (lowest, intermediate, and highest, respectively) related to the origin of right common carotid
artery (CCA). Aneurysm sizes in different groups were measured and compared; parent artery dilation
was assessed as present or absent. The Wilcoxon rank sum test, the Fisher exact test, and the �2 test
were used for statistics process.

RESULTS: The mean aneurysm neck diameter in group 1 was significantly wider than that in group 2
(P � .0001). The proportion of wide-necked (diameter of neck �4 mm) aneurysms in group 1 was
significantly higher than that in group 2 (P � .0011). The mean dome/neck ratio in group 1 was smaller
than that of group 2 (P � .0031). Aneurysm width and height and the frequency of parent artery dilation
were not different in groups 1 and 2 (P � .43, P � .10, and P � .25). No aneurysms formed in group 3.

CONCLUSION: The neck size of elastase-induced aneurysms can be controlled by adjusting the
position of the inflated balloon, with balloon positioning that bridges from the CCA to the subclavian/
brachiocephalic arteries yielding narrow-necked aneurysms.

Preclinical assessment of emerging aneurysm therapies is
greatly facilitated by reproducible animal models. Numer-

ous species of animals, including rats, rabbits, canines, swine,
sheep, and primate species have been proposed as valid model
systems.1-5 Both arterial aneurysms and vein pouch aneu-
rysms have been proposed. However, sidewall vein pouch an-
eurysms fail to reproduce the hemodynamic forces in human
intracranial aneurysms, which typically are bifurcation aneu-
rysms or in the curved segment of the artery. Bifurcation-type
aneurysms can be created using vein pouches, but such models
require substantial microsurgical skill.6 In addition, the cre-
ation of a vascular surgical wound also alters the response of
the animal to implanted devices, because the open wound and
disrupted basement membrane may allow fibroblasts and
other cellular elements to migrate into the lumen.

Our group has been working on elastase-induced aneu-
rysm models in the rabbit. A series of investigations validating
this model has been reported.2,7-10 The long-term patency of
this model has been established for up to 1 year. Further, the
aneurysm occurs either at an artery bifurcation or along a
vessel curve, similar to the locations typical for berry aneurysm
in humans. The model demonstrates hemodynamic forces
and geometric, morphologic, and histologic features similar to
those of human intracranial aneurysms. Finally, standard
catheter systems can be used when embolizing the aneurysms,
rendering the model realistic for training physicians or testing

devices. This model has been successfully used for testing var-
ious endovascular devices, including platinum coils coated
with biologically active material.11-16

One potential disadvantage of the elastase-induced aneurysm
model is apparent lack of control of neck size, which has relevance
for testing of devices aimed at either narrow- or wide-necked
aneurysms. Creation of elastase-induced aneurysms involves iso-
lation of the common carotid artery (CCA) lumen by distal liga-
tion and temporary proximal balloon occlusion. Elastase is then
incubated above the occlusion balloon, which is placed in the
brachiocephalic/subclavian artery junction, across the origin of
the right CCA. In this study, we report that the neck size of the
aneurysm model can be controlled by adjusting the position of
the inflated balloon during elastase incubation.

Methods

Aneurysm Creation
Elastase-induced saccular aneurysms were created in 72 New Zealand

white rabbits. All procedures were approved by the Institutional An-

imal Care and Use Committee at our institution. Detailed procedures

for aneurysm creation have been described.2,7 In brief, New Zealand

white rabbits (3– 4 kg) were anesthetized with intramuscular injection

of ketamine, xylazine, and acepromazine (75, 5, and 1 mg/kg, respec-

tively). Using sterile technique, the right common carotid artery

(RCCA) was exposed and ligated distally. A 5F sheath (Cordis Endo-

vascular, Miami Lakes, Fla) was advanced retrograde in the RCCA to

a point approximately 3 cm cephalad to the origin of RCCA. A road-

map image was obtained by injection of contrast through the sheath

retrograde in the RCCA, to identify the junction between the RCCA

and the subclavian and brachiocephalic arteries (Advantx; General

Electric, Milwaukee, Wis). Through the indwelling sheath, a 3F

Fogarty balloon (Baxter Healthcare Corporation, Irvine, Calif) was

advanced to the origin of the RCCA at its junction with the right

subclavian artery. The balloon was inflated with just enough iodin-
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ated contrast material to achieve flow arrest in the RCCA. Porcine

elastase (5.23 U/mgP, 40.1 mgP/mL, approximately 200 U/mL;

Worthington Biochemical, Lakewood, NJ) mixed with iodinated con-

trast material was incubated in the dead space of the RCCA, above the

inflated balloon, through a microcatheter (Tracker 10; Target Thera-

peutics, Fremont, Calif). Balloon position and shape were docu-

mented with the use of fluoroscopic spot imaging, which was saved

and printed. After incubation of the elastase solution, the balloon and

sheath were removed, and the RCCA was ligated below the sheath

entry site.

Follow-Up Angiography
Intra-arterial digital subtraction angiography (IADSA) was per-

formed at least 3 weeks after creation. The animals were anesthetized

as described above. Using a sterile technique, surgical exposure of the

right common femoral artery was performed, and a 5F vascular

sheath was placed. Heparin (100 U/kg) was administered intrave-

nously. A 5F catheter (Envoy; Cordis Endovascular) was advanced

into the brachiocephalic artery, and digital subtraction angiography

(DSA) was performed. An external sizing device was in place during

IADSA. Two observers (Y.H.D. and M.A.D.) measured the sizes of the

aneurysms, which were determined in reference to the external sizing

device. Presence or absence of parent artery dilation was also noted.

Aneurysm formation was considered to have been achieved when the

maximum diameter of the RCCA exceeded 2.5 mm. The necks of

aneurysms were characterized as narrow (neck diameter � 4 mm) or

wide (neck diameter � 4 mm). Continuous variables were compared

with the use of the Wilcoxon rank sum test. Proportions were com-

pared with the use of the �2 or Fisher exact test (J.N.M. and Y.H.D.).

Definition of Experimental Groups
A single experienced observer viewed the spot films of balloon posi-

tion obtained during aneurysm creation surgery to determine group

assignment. We defined the study sample based on height of the bal-

loon relative to the CCA. Group 1 had lowest balloon position; the

inflated balloon was located completely in the brachiocephalic artery

and right subclavian artery across the origin of RCCA, without her-

niation of the balloon into the RCCA (Fig 1). Group 2 had an inter-

mediate balloon position; the inflated balloon was located not only in the

brachiocephalic/subclavian arteries but also within the proximal RCCA

(Fig 2). Group 3 had highest balloon position; most or all of the inflated

balloon was in the proximal common carotid artery (Fig 3).

Interobserver variability was measured with the use of intraclass

correlation (ICC). ICC values � 0.4 indicate poor reproducibility,

0.4 – 0.75 indicate fair to good reproducibility, and � 0.75 indicate

excellent reproducibility.

Results
Aneurysm sizes are shown in Table 1. Representative images
are shown in Figs 1–3.

Interobserver Reproducibility
Interobserver reproducibility was excellent for all measure-
ments (neck ICC, 0.89; aneurysm width ICC, 0.85; aneurysm
height ICC, 0.95).

Formation of Aneurysm
Aneurysm formation was seen in 35 (100%) of 35 subjects in
group 1, 32 (100%) of 32 subjects in group 2, and 0 (0%) of 5
subjects in group 3. Thus, group 3 was excluded from further
analysis.

Aneurysm Width
Mean widths for Groups 1 and 2 were 4.12 � 1.02 (range, 2.9
to 7.6 mm) and 3.85 � 0.80 (range, 2.6 to 5.8 mm), respec-
tively (Wilcoxon rank sum test, P value � 0.43).

Fig 1. Group 1 subject (low balloon position).

A, Anteroposterior (AP) spot film obtained during aneurysm
creation surgery. The right common carotid artery (RCCA) is
opacified with the elastase/iodinated contrast mixture. The
RCCA is denoted by the black arrow. Note that the inflated
balloon is completely in the right subclavian artery and bra-
chiocephalic artery (white arrow).

B, Same subject as in A. Intra-arterial digital subtraction an-
giogram, right anterior oblique view, demonstrating a wide-
neck aneurysm (black arrow). Neck size is 5.3 mm.

Fig 2. Group 2 subject (intermediate balloon position).

A, Anteroposterior (AP) spot film obtained during aneurysm
creation surgery. The right common carotid artery (RCCA) is
opacified with the elastase/iodinated contrast mixture. The
RCCA is denoted by the black arrow. Note that a small portion
of the inflated balloon has herniated into the proximal RCCA
(white arrow).

B, Same subject as in A. Intra-arterial digital subtraction an-
giogram, right anterior oblique view, demonstrating a narrow-
neck aneurysm (black arrow). Neck size is 2.5 mm.
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Aneurysm Neck Size
Mean neck sizes for groups 1 and 2 were 3.93 � 0.91 (range,
2.2 to 7.1 mm) and 2.89 � 0.76 (range, 1.3 to 4.7 mm), respec-
tively (Wilcoxon rank sum test, P value � 0.0001). Sixteen
(46%) of 35 aneurysms in group 1 were wide-necked; in group
2, 3 (9%) of 32 aneurysms were wide-necked (Fisher exact test,
P value � 0.0011).

Aneurysm Dome-Neck Ratio
Mean dome-neck ratio for groups 1 and 2 were 1.32 � 0.40
(range, 0.6 to 2.2), and 1.79 � 0.99 (range, 0.8 to 3.5), respec-
tively (Wilcoxon rank sum test, P value � 0.0031).

Aneurysm Height
Mean heights for group 1 and 2, were 8.64 � 2.26 (range, 2.6 to
12.5 mm), and 8.08 � 1.92 (range, 5.0 to 13.3 mm), respec-
tively (Wilcoxon rank sum test, P value � 0.10).

Frequency of Parent Artery Dilation
Frequencies of parent artery dilation for groups 1 and 2 were
51% (18 of 35) and 38% (12 of 32) respectively. No difference
between the 2 groups was statistically significant (�2 test, P
value � 0.25).

Discussion
Elastase-induced aneurysms in rabbits represent an important
advance in aneurysm model research. However, unlike surgi-
cal models, in which the size of the aneurysm cavity and neck
can be controlled by choice of vein pouch and suture tech-
nique, control of elastase-induced aneurysm morphology has
not previously been reported. In the current study, we tested
the hypothesis that, depending upon position of the occlusion
balloon during elastase incubation, the degree of elastase ex-
posure of the neck would vary. As a result, we hypothesized
that lower balloon position, as seen in group 1, would yield
relatively wider-necked experimental aneurysms.

The results presented here demonstrate that balloon posi-
tion during elastase incubation represents an important deter-

minant of resultant aneurysm morphology. In particular, if a
small part of the inflated balloon herniated cephalad into the
proximal RCCA and presumably protected the neck region
from elastase injury, then the neck of the resultant aneurysm
would be relatively narrow. Conversely, when the inflated bal-
loon was placed entirely in the brachiocephalic and right sub-
clavian artery, without herniation into the proximal RCCA,
the neck size tended to be relatively wide. These observations
of wider-necked aneurysms with lower balloon position sug-
gest that elastase injury was extended down to the neck region.
It is noteworthy that even though neck diameter was changed
as a function of balloon position, the aneurysm sizes were
similar between groups. Thus, variable dome/neck ratios
could be obtained, with higher dome/neck ratios seen with
higher balloon position. These results should prove useful to
investigators who use the rabbit elastase-induced aneurysm
model for preclinical testing of aneurysm occlusion devices.

Parent artery dilation was noted in both group 1 and group
2. Compared with group 1, part of the inflated balloon was
located in the proximal end of RCCA in group 2, which theo-
retically should have decreased the chance of the parent artery
being exposed to elastase solution. However, our data demon-
strate that the difference in the frequency of parent artery di-
lation between group 1 and group 2 was not significant. The
precise mechanism of parent artery dilation remains un-
known.10 In other work, we have noted increased expression
of matrix metalloproteinase 9 within the wall of the parent
artery (unpublished data), which may lead to matrix degrada-
tion and vessel dilation even without direct elastase injury.

During this study, we found that appropriate position of the
inflated balloon in the proximal RCCA is critical for aneurysm
formation. If the position of the inflated balloon in the RCCA was
too high, effectively protecting a wide length of the proximal
RCCA from elastase injury, then aneurysms did not form. We
encountered 5 cases (group 3) in which the whole inflated bal-
loon was placed entirely in the proximal end of the RCCA during
creation. DSA images after 3 weeks of creation showed no aneu-

Fig 3. Group 3 subject (high balloon position).

A, Anteroposterior (AP) spot film obtained during aneurysm
creation surgery. The right common carotid artery (RCCA) is
opacified with the elastase/iodinated contrast mixture. The
RCCA is denoted by the black arrow. Note that the inflated
balloon is completely in RCCA (white arrow).

B, Same subject as in A. Intraarterial digital subtraction angio-
gram, right anterior oblique view, demonstrating a remnant of
RCCA (black arrow). The maximum diameter of RCCA is 1.5 mm.

Aneurysm sizes in groups 1 and 2

Group 1 (n � 35) Group 2 (n � 32) P Value
Aneurysm width, mm (mean � SD) 4.12 � 1.02 3.85 � 0.80 .43
Aneurysm height, mm (mean � SD) 8.64 � 2.26 8.08 � 1.92 .1
Neck width, mm (mean � SD) 3.93 � 0.91 2.89 � 0.76 � .0001
Dome:neck ratio (mean � SD) 1.32 � 0.40 1.79 � 0.99 .0031
Parent artery dilation present 18 12 .25
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rysm formation. Thus, care should be taken to optimize balloon
positioning when creating elastase-induced aneurysms.

This study suffers from several limitations. First, and most
important, the study was retrospective in nature. Thus, we
cannot predict with certainty that aneurysm neck size can be
customized based on balloon position. We are at the early
stages of a prospective study to confirm the findings of the
current work. Further, exact aneurysm cavity and neck dimen-
sions are subject to interpretation error. We used 2 readers in
this study to diminish such errors.

Conclusion
Neck size of elastase-induced aneurysm models in rabbits can
be controlled by adjusting the position of the inflated balloon,
which makes this model more favorable for testing of neu-
rointerventional devices.
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