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aneurysm. The angiographically determined
mean occlusion rate was 89.5% ± 11.3% stan-
dard deviation. Histological evaluation of the six
aneurysms of the control group showed that
they remained patent. Aneurysms that under-
went embolization showed organized thrombus
formation with no signs of recanalization. Two
animals died from anaesthesia related or embol-
ic complications. The time needed by the profes-
sional did not significantly decrease, after a little
practice the trainee was nearly as quick as the
professional. The beginner showed extensive
progress, reducing the time for catheter place-
ment by more than 50%.

This paper describes the angiographic and
histopathologic findings and also demonstrates
possible methods for training in interventional
procedures. Animal models will play a vital part
in the training of future interventionalists. This
model has the capability of testing different em-
bolization devices (GDC, Onyx®) and methods.
Histologic long-term prognosis and the physical
effect of the coils can be evaluated with this
model.

Introduction

Reproducible animal models not only facili-
tate the preclinical assessment of aneurysm
therapy and follow-up, but also play an impor-

Summary

Reproducible animal models not only facili-
tate the pre-clinical assessment of aneurysm the-
rapy but can also help in training for interven-
tional procedures. The objective of this study
was to find an animal model that can be used to
test different endovascular occlusion techniques.

Aneurysms in the right common carotid
artery were created in 35 NZW rabbits by distal
ligation and intraluminal elastase infusion. A to-
tal of 27 aneurysms were occluded by endovas-
cular embolization with GDC-Coils. The time
needed for placement of the microcatheter into
the aneurysm by a professional interventionalist,
a semi-professional interventionalist and a
trainee was measured. The percentage of occlu-
sion (occlusion rate) of the aneurysms was de-
termined angiographically after embolization
and again three months later, followed by a his-
tological examination.

Aneurysms of 2-6 mm size were reliably cre-
ated in all 35 animals; mean size was 3.0 mm in
height and 5.5 mm in diameter. Occlusion was
achieved in 27 animals. Five animals from the
group of 35 were initially planned as a control
group with no embolization. We added to the
control group one animal whose aneurysm
could not be occluded endovascularly because
of partial thrombosis and small size of the
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tant role in the training of interventionalists.
They have been an integral part of the devel-
opment of endovascular occlusion techniques 24.
For example, Guglielmi detachable coils (GDC)
were first tested on lateral aneurysms in a
swine model 8.

In choosing a suitable aneurysm model, dif-
ferent aspects have to be considered. It is im-
portant to reproduce the haemodynamic forces
in human intracranial aneurysms, which are
mainly located at bifurcations 2,7,10-12.

Most existing animal models as well as the
swine model used for testing GDCs do not re-
produce these conditions. In these models side-
wall aneurysms are often used. Here a venous
patch is sewn on the carotid artery 3,14. These
models have the disadvantage of being surgi-
cally demanding, and the morphology of the
venous vessel wall does not correspond to the
wall of an intracranial artery. Also, sidewall
aneurysms are subjected to far less shear stress
then bifurcation aneurysms.

In addition, a preceding surgical intervention
will influence the response of the aneurysm to
the coil as this operation will lead to scar for-
mation and foreign bodies in the region of the
neck. It is also important to consider the blood
coagulation profile of the laboratory animal,
which can differ from that in humans. There

have been numerous studies on the fibrinolytic
system in rabbits and it has been found that it
mimics that of humans 4.

Therefore an aneurysm model in rabbits
seems ideal, not only to simulate embolization
but also to test different embolization devices.
Anticoagulation schemes can also be used in
rabbits to prevent thrombembolic complica-
tions in the treatment of intracranial human
aneurysms 4,13. Also the anatomy of the vessels
in the head and neck area in rabbits is well
known, as it is similar to that of humans (Figure
1). Aneurysm models in rabbits have been de-
scribed 3,6 and can be used as a training model
for neurointerventionalists. We took these as a
basis for our bifurcation model in New Zealand
White Rabbits. The aim of our study was to es-
tablish a working concept to test technical in-
novations in the treatment of aneurysms, thus
making embolization results more predictable
in human intracranial aneurysms.

Materials and Method

The university’s ethics commission approved
the animal experiment. The animals were of
mixed sex and were maintained on a standard
laboratory diet. Aneurysms were induced in 35
New Zealand White rabbits (body weight 3-4
kg). Anaesthesia was induced using an intra-
muscular injection of ketamine and xylazine.
Maintenance anaesthesia was conducted with
a mixture of ketamine and xylazine, adminis-
tered by a continuous intravenous infusion
through the ear vein.

For the induction of the aneurysm we first
removed the fur at the neck and disinfected
the operation area. The right common carotid
artery was surgically exposed over a length of
two cm.

First we permanently ligated the cranial part
of the artery and introduced a 4F sheath into
the lumen. We used a second suture of the
same kind to tie the sheath to the vessel. Next
a 3F balloon catheter was introduced under ra-
dioscopic guidance to the origin of the right
common carotid artery in the brachiocephalic
trunk. The balloon was gently inflated with a
mixture of 50/50 contrast medium and saline
0.9%. Then a Prowler 10 microcatheter was
placed upon the inflated balloon and 100 U of
porcine elastase were injected via the micro-
catheter (Figure 2). The elastase was incubated
for up to 20 minutes within the lumen of the

Figure 1 DSA of right common carotid artery before elas-
tase incubation.
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CCA. After that the balloon catheter, micro-
catheter and sheath were removed, a third su-
ture was used for ligation of the vessel a few
centimeters above the brachiocephalic trunk
to form the aneurysmal sac. The fascias and the
skin were closed with a running suture and
glue. Using glue has the advantage that no su-
ture ends stick out of the wound so the animal
cannot reopen it. It took the animals about 15
minutes to awake after anaesthesia was
stopped. The whole procedure took about 60-
70 minutes. Three different interventionalists
(professional, trainee, beginner) performed the
embolization.

The professional was experienced in inter-
ventions, the trainee had assisted interventions
and performed about 200 intracranial DSA
himself. The beginner was a novice to interven-
tions but had performed about 50 DSA. Each
one embolized nine animals. The time from in-
troduction of the microcatheter through the
sheath until placement in the aneurysm was
measured.

Control angiography

An increase in aneurysm size after three to
six weeks is unlikely. Kallmes 12 observed that
aneurysms show an increase in size only during
the first three weeks after creation. To verify
this, we performed venous control angiograms
in the first ten animals after three weeks of
aneurysm induction and after six weeks. As the
aneurysms had not increased in size during this
period we did not do controls in the other ani-
mals.

As a DSA angiography via the femoral
artery is not possible in rabbits without surgi-
cal exposure of the vessel and in addition re-
quires subsequent ligation of the artery, we on-
ly performed venous controls. For this, the ani-
mals were anaesthetized using an intramuscu-
lar injection of ketamine and xylazine as de-
scribed above.

A 22 G venflow (Optiva 2) was placed in the
left ear vein, 6-7 ml non-ionic Omnipaque 300
(Nycomed Amersham, Princeton, NJ) were in-
jected followed by 6-7 ml sodium chloride to
produce a better bolus effect, whilst digital
subtraction imaging was performed at a rate of
two frames per second. Imaging was done dur-
ing the arterial phase. Then the size of the
aneurysm was determined by comparing it
with a standard scale.

Before sacrifice, a venous control angiogram
was done to determine the occlusion rate of
the aneurysm 5.

Embolization

Embolization was performed after six weeks.
The animals were anaesthetized as described
above. The right femoral artery was surgically
exposed and distally ligated. A small arterioto-
my was performed with microscissors. A 3F
sheath was introduced into the vessel and fixat-
ed with a suture, then a 0.10 Transend wire was
coaxially delivered through a Tracker Excel 14
2 tip microcatheter into the aortic arch. A con-
trol series was done to get an impression of the
anatomy of the vessels and of the aneurysm.
Then the catheter was placed in the neck of the
aneurysm and the animal was given 1000IE he-
parin i.v. Depending on the size of the
aneurysm, one to several coils were placed in-
side the lumen of the aneurysm.

After each coil a control angiogram was
done to determine the occlusion rate angio-
graphically. In case of incomplete occlusion we
placed more coils until complete occlusion or
until no further coils could be safely placed in-

Figure 2 Inflated ballon in brachiocephalic trunc, micro-
catheter in common carotid artery after applied elastase.
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side the lumen of the aneurysm. After retrieval
of the microcatheter, the femoral artery was
ligated. The wound was closed with a running
suture and skin glue.

(Figure 3A,B show the microcatheter inside
the aneurysm lumen / the control series after
successful occlusion)

Sacrifice of the animals

The animals were sacrificed three months af-
ter coiling. At the time of sacrifice, the subjects
were deeply anesthetized (Narcoren, Merial
GmbH, Halbergmoos, Germany). The medi-
astinum was dissected. After thoracotomy, the

aortic arch and the proximal great vessels with
the aneurysm were exposed and dissected from
the surrounding tissue (Figure 4).

Histologic evaluation

The samples of the aneurysm, vessels and
brain were fixed in 3% neutral buffered forma-
lin at room temperature. To survey reactions of
the surrounding tissue towards the elastase or
coils, the samples were embedded in paraffin
and sectioned at 1Hm increments. Afterwards
staining was performed with hematoxylin-eosin
and with Enthellan (Merk, Darmstadt/DE).

Results

Aneurysms of 2-6 mm size were reliably cre-
ated in all 35 animals. All but three animals tol-
erated the operations well. One animal died
from anaesthesia complications. Two animals
showed a hemiparesis, one of them died shortly
after the procedure; the other one fully recov-
ered and its aneurysm could be embolized lat-
er. Occlusion was achieved in 27 animals. Five
animals were initially planned as a control
group with no embolization. We added to the
control group one animal with an aneurysm
which could not be occluded endovascularly
because of partial thrombosis and small size of
the aneurysm. The occlusion rate, which was
angiographically determined, represents the

Figure 3 A) control angiogram before embolization. B) ve-
nous control angiogram after successful embolization.

Figure 4 Coils are visible through the thinned vessel wall.

A B
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percentage of embolized aneurysm lumen com-
pared to the contrast filled lumen in the an-
giogram before embolization. The occlusion
rate was evaluated in all GDC embolized
aneurysms. The mean occlusion rate of all em-
bolized aneurysms was 89.5% with a standard
deviation of 11.3% right after embolization.
The minimal occlusion rate was 70% and the
maximal occlusion rate was 100%.

The mean width of the 33 aneurysms was 3.2
mm ± 0.8 mm. The mean height of the
aneurysm was 5.1 mm ± 1.8 mm. Figure 5 shows
the size distribution of all aneurysms.

Technically all aneurysms but two were suc-
cessfully embolized, which means we achieved
an occlusion rate of the aneurysms of more
than 95%. In one case occlusion was incom-
plete (70%) as due to the wide neck shape of
the aneurysm no further coils could be safely
placed inside the lumen. In the other case no
coils could be placed due to the small size and
partial thrombosis of the aneurysm. Angio-
graphic control was conducted eight weeks af-
ter creation of the aneurysms as well as 8-12
weeks after embolization.

In these intravenous digital subtraction con-
trol arteriographies the occlusion rate did not
differ from the one determined immediately af-
ter embolization (p>0.05).

Concerning embolization time the profes-
sional interventionalist took on average one
minute three seconds in the first three animals,
one minute 18 seconds in the next three ani-
mals and one minute one second in the last
three animals. The trainee in interventions took
on average three minutes 53 seconds in the first
three animals, two minutes 37 seconds in the
following three animals and 1 minute 45 sec-
onds in the last three.

The trainee in diagnostic angiography took
eight minutes seven seconds on average for the
first three animals, seven minutes 56 seconds
for the next lot and five minutes 31 seconds for
the last three animals.

Histology

The histologic samples show mostly throm-
bosed lumen of the aneurysm. Some of the hol-
low spaces are due to removal of platinum coils

Figure 5 Distribution of size in all aneurysms.
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(Figure 6). But there are still signs of recanal-
ization, especially in the middle of the aneur-
ysm lumen.

Discussion

Reproducible animal models have always
been an indispensable part of the development
of endovascular occlusion devices and tech-
niques 19.

Ideally, experimental aneurysms should be
subjected to similar haemodynamic forces as
found in human cerebral bifurcation aneur-
ysms. The physical dimensions and radiograph-
ic appearance should also be similar. If no em-
bolization is performed, it should remain
patent indefinitely 16. Rat, rabbit, pig, sheep, dog
and primate species have been considered for
the testing of endovascular devices, some re-
quiring exquisite surgical skills 22. Masaryk 15

created 12 vein-pouch sidewall aneurysms in a
canine model. Murayama 20 created 40 lateral-
wall aneurysms in pigs by using the external
jugular vein. However, studies using experi-
mental models in dogs or pigs are not necessar-
ily applicable to humans.

Carter et Al 4 outlined the similarity of the
human fibrinolytic system to that of the rabbit
and concluded that thrombus formation in
aneurysms can be simulated in a rabbit model.
Local surgery should be avoided to minimize
the healing response that might impair studies
on anticoagulation or biologic activity of coils.

Vein-pouch bifurcation aneurysms in rabbits
have been used previously1. This procedure has
a high mortality rate, is lengthy and often leads
to parent artery occlusion. In addition, if the
wall is of venous origin rather than arterial, and
if suture material is present in the aneurysmal
neck, this can influence the biologic milieu of
the aneurysm.

Cawley 5 created sidewall aneurysms in rab-
bits by intraluminal elastase incubation of the
stump of the external carotid artery. In the
ECA flow-rates and shear stress are low. In
our aneurysm model in rabbits the blood flow
from the aorta is directed at the orifice, i.e. the
neck of the experimental aneurysm, so that we
expect it will reduce thrombosis within the
aneurysm and provide haemodynamic stress
similar to that in intracranial bifurcation
aneurysms.

The aneurysm sizes created in our study
ranged within the typical size of human cere-
bral aneurysms. In the “International Sub-
arachnoid Aneurysm trial” (ISAT) 53% of the
ruptured aneurysms were smaller then five mm
in diameter 18. The ISAT study only contained
ruptured aneurysms. Animal models however
are especially important in the treatment of
asymptomatic, unruptured aneurysms. These
are commonly treated when they are above
seven mm in size, as the risk of rupture increas-
es with size 25.

In unruptured aneurysms more therapeutic
options such as extensive anticoagulation to pre-
vent thrombi from the aneurysm or the em-
bolization material itself, intracranial stents or
liquid embolization agents (ONYX) are possi-
ble. Intracranial stents as well as liquid em-
bolization agents require anticoagulation to pre-
vent thromboembolism. The presented aneur-
ysm model produces aneurysms that can be
treated with all these embolization techniques.

In addition the model used has the advan-
tage of a relatively simple surgical procedure
required for the construction of aneurysms. Oc-
clusion of the common carotid artery in rabbits
can be performed with little danger of creating
an ischemic infarction because of the collateral
blood flow to the brain via the circle of Willis 21.

Previous studies have documented minimal
inflammatory response to GDCs 17. This may
result in enhancement of the aneurysm wall
due to the inflammation associated with
thrombosis, a mild foreign body inflammatory
reaction, and in the growth of neocapillaries

Figure 6 Histologic sample shows mostly thrombosed lu-
men of aneurysm. Some of the hollow spaces are due to re-
moval of platinum coils (*).
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during the organization of the thrombus and
aneurysm wall 17.

Experience plays an important role in
aneurysm therapy. A previous bifurcation mod-
el in canines 26 showed that this model was use-
ful in training for interventions, but seemed un-
suitable as a test model for new embolization
materials. This was because aneurysmal recur-
rence was not observed. The aneurysms created
in our model showed signs of recanalization. In
addition we could demonstrate a significant
training effect in the interventionalists. We
found that for the experienced interventional-
ist the time needed for placement of the
catheter into the aneurysm did not significantly
decrease.

However, there was an obvious learning
curve in the trainee and the beginner. In partic-
ular, the beginner could reduce the time need-
ed by almost 40%. After training the trainee
nearly reached the time of the professional in-
terventionalist. We conclude that the inexperi-
enced angiographer can profit most from train-
ing on an aneurysm model.

Conclusions

This concept, based on an aneurysm model
in rabbits, may help not only in training for in-
terventional procedures but also in testing
technical innovations and in the creation of
new protective devices, thus, hopefully leading
to better outcomes of endovascular procedures
in the near future. Training on an aneurysm
model helps to gain experience in aneurysm
treatment, can reduce embolization time and
thus the risk for the patient. A range of appli-
cations seems possible, e.g. for testing liquid
embolic agents to decrease distal migration of
the liquid embolic agent through intra-aneurys-
mal flow control with proximal balloon protec-
tion, balloon inflation across the neck of the
aneurysm, or the use of metallic stents. Due to
the similarity of the human fibrinolytic system
to that of the rabbit, emerging biologic modifi-
cation techniques as well as different anticoag-
ulation regimes can be evaluated, thus making
embolization results more predictable before
use in human intracranial aneurysms.
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