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Summary: Saccular aneurysms arising from the common ca-
rotid artery in the neck at the origin of the internal carotid artery
were created in male rabbits using the stump of a ligated exter-
nal carotid artery. These stumps were intraluminally perfused
with varying concentrations of porcine pancreatic elastase for 45
minutes via a microcatheter introduced into the femoral artery.
The aneurysms were allowed to mature for 2 to 12 weeks. Gross
examination and histologic studies confirmed the presence of an
aneurysm in all 15 experiments. Ninety-two percent (12 of 13)
of the aneurysms studied by postoperative angiography were
shown to be angiographically patent; 40% of all aneurysms were
noted to be patent at harvest; and the remainder showed evi-
dence of intraluminal thrombus. On histologic examination, all
aneurysms showed complete loss of elastic lamina without evi-
dence of fibrosis or scarring.

Index terms: Aneurysm, arteriovenous; Animal studies

Intracranial aneurysms pose a relatively great
threat to a small but significant portion of the
population. As the most common source of
nontraumatic subarachnoid hemorrhage (more
than 80% of all cases [1]), these lesions have
been estimated to cause death or disability in
18 000 patients per year in North America (2).
Several autopsy and angiographic series have
estimated the prevalence of intracranial aneu-
rysms in the general population to be between
1% and 8% (3–11).
The time-honored and durable treatment of

intracranial aneurysms is open craniotomy with
clip ligation of the lesion. With advances in mi-
crosurgical techniques, this procedure—in most
cases—is straightforward and carries accept-
able risks of perioperative morbidity and mor-
tality. A significant minority of patients, how-
ever, have complicated aneurysms in areas
difficult to access surgically. The field of inter-
ventional neuroradiology offers less invasive
treatment options that exclude an aneurysm
from the cerebral circulation. Even large non-
ruptured aneurysms with mass effect may be
partially decompressed by endovascular occlu-
sion of the aneurysmal lumen or sacrifice of the
parent artery, resulting in the stabilization or
amelioration of neurologic symptoms.
Despite the serious nature of intracranial an-

eurysms and the advent of these new technol-
ogies, few experimental animal models have
been devised to compare different modes of
treatment and provide an experimental para-
digm for further research. Controversy has
arisen over the long-term durability of endovas-
cular occlusion of aneurysms. Many studies
have shown good initial obliteration rates, but,
over time, many endovascularly treated aneu-
rysms will recannulate (12–14). To evaluate
further which techniques and occlusive sub-
stances might offer lasting luminal obliteration,
a reliable model of an animal saccular aneu-
rysm is required.
Anidjar et al (15) developed a novel model of

a fusiform abdominal aortic aneurysm in the rat
by using intraarterial porcine pancreatic elas-
tase incubation. Adequate concentrations of
elastase reliably result in degradation of the in-
ternal elastic lamina and macroscopic aneurys-
mal formation. Applying principles of the work
by Anidjar et al, we have developed a wholly
arterial model of a saccular aneurysm in rabbits.
We believe these experimental aneurysms
will more closely approximate the hemodynam-
ics, natural physiology, and response to occlu-
sive agents of human saccular aneurysms than
do current models, which rely on vein patch
grafts.
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Experimental parameters and results of each enrolled animal

Animal Elastase Dose, U Time to Harvest, wk
Angiographically

Patent
Aneurysm?

Aneurysm at
Harvest?

Aneurysm Patent
at Harvest?

1 L, 10/R, 10 L, 2/R, 3 L, Yes/R, Yes L, Yes/R, Yes L, No/R, No
2 L, 10/R, 10 L, 2/R, 3 L, Yes/R, Yes L, Yes/R, Yes L, No/R, No
3 L, 10/R, 10 L, 2/R, 3 L, Yes/R, Yes L, Yes/R, Yes L, Yes/R, No
4 R, 10 R, 2 R, Yes R, Yes R, Yes
5 L, 60/R, 60 L, 3/R, 6 L, Yes/R, Yes L, Yes/R, Yes L, Yes/R, Yes
6 L, 60/R, 20 L, 6/R, 9 L, Yes/R, No L, Yes/R, Yes L, Yes/R, No
7 L, 60/R, 20 L, 9/R, 12 L, Yes/R, Yes L, Yes/R, Yes L, Yes/R, No
8 R, 60 R, 12 . . . R, Yes R, No
9 R, 60 R, 12 . . . R, Yes R, No
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Materials and Methods

Experimental Procedure

Under an approved protocol, rabbits were procured
through our Institutional Animal Care and Use Committee.
They were maintained in accordance with the National
Institutes of Health Guide to the Care and Use of Labora-
tory Animals (16).

A 0.75-cm segment of the proximal external carotid
artery was isolated and perfused in nine male rabbits. In six
rabbits the procedure was carried out on the contralateral
side as well, although not during the same operation. A
total of 15 aneurysms were thus created in nine rabbits.
The animals were anesthetized for induction and intuba-
tion with 1.5 mL of ketamine hydrochloride (50 mg/mL)
and 1.5 mL of xylazine hydrochloride (20 mg/mL). Endo-
tracheal intubation was followed by maintenance anesthe-
sia with 0.5% halothane. Under binocular microscopic
magnification (Zeiss, Oberkochen, Germany), a midline
incision was made extending from the angle of the man-
dible inferiorly approximately 2 cm. The carotid bifurca-
tion was exposed lateral to the trachea and esophagus.
Both the internal and external carotid arteries as well as the
superior thyroidal artery were identified. We placed, but
did not fasten, 2-0 silk ties (Ethicon, Inc, Somerville, NJ)
at the origin of the external carotid artery and 0.75 cm
distal to the origin.

A separate 2-cm incision was made over the right side
of the groin, and the femoral artery was dissected and
isolated with a 2-0 silk tie. An arteriotomy was performed,
and a 2F distal outer diameter Tracker-10, 80/15 catheter
(Target Therapeutics, San Jose, Calif) was inserted under
binocular magnification. The catheter and a Dasher-14
Steerable Guidewire (Target Therapeutics, San Jose,
Calif) were then advanced under fluoroscopy to the com-
mon carotid artery. Under direct visualization, the catheter
tip was advanced into the proximal 0.5 cm of the external
carotid artery. The guidewire was removed and the distal
silk tie was tied to create the external carotid arterial
stump; the proximal tie was cinched down on the catheter
at the external carotid origin. After evacuating the blood
present in the sac thus created, a vent tube (outer diame-
ter, 0.012 in; Interventional Therapeutics Corp, Fremont,
Calif) loaded with 0.13 mL of elastase solution was in-
serted into the catheter. The elastase solution was then
infused and allowed to incubate for 45 minutes.

After the incubation period, the proximal external ca-
rotid tie was removed and the catheter withdrawn. The
femoral artery was tied off proximal to the arteriotomy and
both incisions were closed with 3-0 ethilon sutures (Ethi-
con). The animals were awoken from anesthesia, extu-
bated, and returned to their cages. At postoperative inter-
vals varying from 2 to 12 weeks, C-arm fluoroscopic
angiography (NV Philips, Best, the Netherlands) was per-
formed via a left femoral artery cut-down, the common
carotid aneurysm segments were harvested, and the ani-
mals were killed.

Morphology

Once the aneurysm-bearing common carotid segments
were harvested they were fixed in formalin and embedded
in paraffin for histologic examination. Longitudinal 5-mm
sections were stained with hematoxylin-eosin and with
orcein for elastic tissue.

Experimental Protocol

Fifteen proximal external carotid artery sacs in nine
rabbits were perfused with varying concentrations of por-
cine pancreatic elastase type 1 (Sigma Chemical Co, St
Louis, Mo, and ICN Biomedicals Inc, Aurora, Ohio). Rab-
bits 1 to 4 were perfused with 10 U of elastase (0.13 mL;
80 U/mL) in normal saline solution. Rabbits 5 to 9 were
perfused with elastase in normal saline solution varying in
concentration from 20 to 60 U/0.13 mL (Table).

Results

Perfusion with Pancreatic Elastase Solution

A total of 15 common carotid artery aneu-
rysms were created in nine male rabbits (un-
ilaterally in three animals, bilaterally in six
animals). Macroscopic and microscopic aneu-
rysms developed in all external carotid artery
sacs perfused with elastase (10 to 60 U per
animal) (Table). Histologic study of longitudinal



Fig 1. Histologic longitudinal cross sec-
tion of aneurysm created in animal 3. Large
arrow indicates parent artery with intact
elastic lamina; small arrow, aneurysmal
wall with absent elastic lamina; and double
arrows, patent aneurysmal lumen (hema-
toxylin-eosin and orcein stain).

Fig 2. Histologic longitudinal cross section of aneurysm created in animals 1 (A) and
6 (B). Large arrows indicate parent artery with intact elastic lamina; small arrow,
aneurysmal wall with absent elastic lamina; and double arrows, aneurysmal lumens
(hematoxylin-eosin and orcein stain).
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sections revealed complete loss of the elastic
lamina in the perfused segment of the external
carotid stump only (Figs 1 and 2). No elastic
lamina breakdown was noted in nonelastase-
perfused tissue. Varying the dose of elastase
(seven external carotid sacs in four animals re-
ceived 10 U; two sacs in two animals received
20 U; six sacs in five animals received 60 U) had
no effect on the extent of elastic lamina loss
seen on histologic orcein stains.
All histologic specimens revealed mild in-

flammatory infiltrates of both polymorphonu-
clear lymphocytes and macrophages. All spec-
imens also revealed mild intimal fibrosis and
smooth muscle hyperplasia in the aneurysmal
wall; the degree of fibrosis or hyperplasia did
not vary with incubation time prior to harvest.
Otherwise, the aneurysmal wall retained the
normal arterial microscopic architecture (Fig 1
and 2).

Aneurysmal Patency

Angiography.—Angiography was performed
in 13 of 15 elastase-perfused sacs 2 weeks after
surgery. In 92% (12 of 13) of the cases, the
angiographic study with C-arm fluoroscopy
(Fig 3) revealed a patent common carotid an-
eurysm at the origin of the internal carotid ar-
tery. The one aneurysm not seen at angiogra-
phy was noted at harvest to be thrombosed.
Gross Histopathology.—All perfused external

carotid sacs were harvested at an average of 6
weeks after elastase perfusion (range, 2 to 12
weeks; median, 3 weeks) (Table). As noted, on
harvest, all perfused sacs revealed both macro-
scopic and microscopic aneurysms of varying
size. Microscopic patency of the aneurysmal
lumen was noted in 40% (6 of 15) of the per-

Fig 3. Fluoroscopic C-arm left common carotid arteriogram
of animal 2. Arrow indicates experimentally created aneurysm.



fused sacs (Table). The remaining nine aneu-
rysms were found to have varying degrees of
new and old thrombus, but no fibrotic scarring.
Two (40%) of five sacs perfused with 10 U elas-
tase remained patent; none (0%) of two sacs
perfused with 20 U elastase remained patent;
and four (67%) of six sacs perfused with 60 U
elastase remained patent. Of those sacs allowed
to mature less than 3 weeks after perfusion,
three (38%) of eight showed anuerysmal pa-
tency; of those allowed to mature more than 3
weeks, three (43%) of seven remained patent.
These differences did not reach statistical sig-
nificance.

Discussion

The creation of a wholly arterial saccular an-
eurysm in an animal model would contribute to
advances in the exploration of novel endovas-
cular aneurysmal obliteration techniques. Ger-
man and Black (17) developed a side-wall
model of an aneurysm in dogs by using venous
patch grafts. Similar models have also been
developed in swine (17, 18). These models are
currently the most widely used for demonstrat-
ing the efficacy of various endovascularly intro-
duced occlusive substances. One serious draw-
back of such models is that, while the
hemodynamics of a venous pouch may be sim-
ilar to that of a naturally occurring arterial an-
eurysm, the wall of the pouch is not arterial in
nature. A second drawback is that multiple su-
ture lines are necessary to construct the pouch.
This manipulation of the arterial and venous
pouch endothelium releases, among other pro-
teins, platelet-derived growth factor, which of-
ten leads, over time, to scarring of the experi-
mentally produced aneurysm with or without
the introduction of obliterating materials, thus
confounding any long-term results. We believe
our model may eliminate each of these draw-
backs and thus provide a substrate for reliable
and reproducible study of various obliterative
materials.
The specific mechanism underlying the for-

mation of saccular aneurysms is still not clearly
understood. Forbus (19) first described congen-
ital discontinuities of the smooth muscle layer of
the tunica media of arterial vessels. These me-
dial gaps were thought to represent a focal area
of decreased resistance that might, over time,
degenerate and dilate into aneurysmal sacs
(20). In fact, the medial gaps are similar to the
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transition zone seen in histologic sections of
naturally occurring aneurysms, where one no-
tices the abrupt loss of elastic lamina, dimin-
ished smooth muscle thickness in the tunica
media, and intimal fibrosis in the aneurysmal
wall proper (21).
Medial gaps, however, are seen not only in

cerebral arteries but also in systemic arteries,
where aneurysmal formation is rare (22–24).
Thus, there is doubt as to whether saccular an-
eurysms are purely congenital. A second theory
of aneurysmal formation proposes that these
sacs are the result of degenerative changes in
the arterial wall (23, 25–28). Many studies that
support this view have shown intimal prolifera-
tion, elastic lamina degradation, atherosclerotic
changes, extracellular matrix protein alter-
ations, and loss of the normal architectural dis-
tribution of type I collagen and fibronectin in
aneurysmal walls (23, 29, 30). These changes
are thought to be associated with the degener-
ative changes seen in atherosclerosis and the
hemodynamic stresses present at arterial bifur-
cations (20, 24, 31).
Whether aneurysmal formation is the result of

a congenital weakness, a degenerative process,
or both, it is clear that to study these lesions it is
ideal to use a model histologically consistent
with the natural lesion. Anidjar et al (15) studied
the pathohistology of the abdominal aortic an-
eurysm and found it to demonstrate consis-
tently elastic lamina degeneration. Their model,
which used porcine pancreatic elastase to du-
plicate this loss, indicates that elastolytic activ-
ity plays a major role in aortic aneurysmal for-
mation. In fact, previous models of aortic
aneurysms, employing a variety of methods, all
result in some deficiency in the elastin network,
perhaps as a final common pathway (32–36).
Halpern et al (37) showed that degradation of
the elastic lamina with elastase leads to a cas-
cade of changes in extracellular matrix proteins
and progressive inflammatory infiltration. All
these changes are seen in naturally occurring
cerebral and aortic aneurysms. It is this similar-
ity that allows the extension of the work by
Anidjar et al to the creation of saccular aneu-
rysms as a model for intracranial berry aneu-
rysms. The use of such a wholly arterial aneu-
rysmal model allows one to study the
maturation and physiologic response to em-
bolic materials, which more closely parallel
those events that might occur in an individual
patient.
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On the basis of the work of Anidjar et al, we
have isolated an arterial segment and perfused
it with varying concentrations of porcine pan-
creatic elastase. Noting that the formation of
abdominal aortic aneurysms requires a latent
maturation phase long after elastase levels
cease to be measurable, we allowed our aneu-
rysms to mature over varying periods of time.
However, unlike Anidjar’s group, we have not
noted the dose-response properties in the de-
gree of elastic lamina disruption with increasing
concentrations of elastase. Indeed, all our per-
fused sacs showed microscopic evidence of
aneurysmal formation with elastic lamina de-
generation, mild intimal fibrosis, and mild in-
flammatory infiltrate. All these aneurysms were
histologically intact even up to 12 weeks, and
although several were thrombosed, none
showed evidence of scarring (an important find-
ing given that the most bothersome long-term
problem with venous aneurysmal models is fi-
brotic scarring). In fact, our lowest dose (10 U)
of elastase may have been above the threshold
for both microscopic and macroscopic aneurys-
mal formation.
Angiographic patency was not demonstrated

in 93% of the aneurysms studied (the aneurysm
that was not seen was evident at harvest and
was noted to be thrombosed). However, at har-
vest only 40% of our aneurysms had a fully
patent lumen, the others were filled with fibrin
deposits and thrombus of varying age—once
again, no aneurysm of any age had fibrotic
scarring. The thrombotic problem is most likely
due to inadequate flow dynamics within the lu-
men itself. The ideal proportion of aneurysmal
neck to dome diameter that will result in im-
proved flow dynamics and continued thrombo-
sis-free patency remains to be delineated. In
addition, experimentation in larger animals,
which allows an absolute increase in the size of
the aneurysm formed, may also result in greater
patency rates. Gadowski et al (38) showed that
by using the model developed by Anidjar’s
group, hypertension may accelerate the growth
of aortic aneurysms. Induced hypertension may
allow for similar increases in aneurysmal growth
in our model, and may also result in higher
patency rates. Such experiments are in
progress.
In conclusion, while our findings are admit-

tedly preliminary, we have shown the feasibility
of creating an animal model of a true arterial
saccular aneurysm. Basing our experimental
protocol on models of abdominal aortic aneu-
rysms in rats, we have shown that the perfusion
of an arterial stump with porcine pancreatic
elastase reliably results in elastic lamina degra-
dation and microscopic and macroscopic aneu-
rysmal formation. The macroscopic and micro-
scopic patency rate after various intervals was
40%; histologic study of the nonpatent lesions
revealed intraluminal clot formation. In our
opinion, aneurysmal scarring did not occur be-
cause the arterial endothelium was undisturbed
by surgical manipulation. The problem of
thrombosis may be due to inadequate flow dy-
namics in the aneurysmal lumen resulting from
mismatched neck to dome ratios. This problem
may be solved by using arterial stumps of vary-
ing sizes in larger animals as well as by using
induced hypertension during and after sac for-
mation. Once these obstacles are overcome, we
believe our model will be superior to vein patch
graft models in terms of the rate of scarring
along the suture line. We also believe that our
model more closely approximates the actual
pathophysiology of naturally occurring aneu-
rysms.
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