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PURPOSE: To explore the vascular anatomic variation along the aortic arch in New Zealand White rabbits with the
goal of highlighting potential anatomic configurations that might be encountered in the performance of preclinical
endovascular research in rabbits.

MATERIALS AND METHODS: Digital subtraction angiography images of the brachiocephalic artery (BCA) and
aortic arch in New Zealand White rabbits were obtained after creation of elastase-induced aneurysms at the origin of
the right common carotid artery (RCCA) in 214 animals. The patterns of origin of the RCCA and left common carotid
artery (LCCA), right subclavian artery (RSCA) and left subclavian artery (LSCA), and right vertebral artery (RVA) and
left vertebral artery (LVA) were analyzed.

RESULTS: Five predominant variations of vessel origin were identified. In 200 of 214 cases (93%), the LCCA originated
from the bifurcation of the BCA and aorta. In eight cases (4%), the LCCA directly originated from the aorta. In two
cases (1%), the LCCA originated from the BCA. Aberrant RSCA anatomy in which the RSCA originated from the aortic
arch instead of the BCA was found in three cases (1.5%). In a single case (0.5%), aberrant RSCA anatomy with the RVA
originating from the BCA was encountered.

CONCLUSIONS: Anatomic variation of the BCA in New Zealand White rabbits is similar to that seen in humans.
Understanding of the normal and variant anatomy of the rabbit will aid investigators who use the rabbit model for
endovascular research.
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Abbreviations: BCA � brachiocephalic artery, DSA � digital subtraction angiography, LCCA � left common carotid artery, LSCA � left subclavian artery,
RCCA � right common carotid artery, RSCA � right subclavian artery

THE rabbit elastase-induced carotid
aneurysm model has been used
widely, especially for testing of new
neurovascular devices (1–11). This
model coverts the origin of the right
common carotid artery (RCCA) into
an aneurysmal sac after distal ligation
and intraluminal incubation of elas-
tase. We have encountered anatomic
variations in rabbits such as origin of

the left common carotid artery (LCCA)
from the brachiocephalic artery (BCA),
as seen along the aortic arch in hu-
mans, which may complicate creation
or embolization of these model aneu-
rysms.

In this study, we evaluated and cat-
alogued the vascular origination of the
major brachiocephalic vessels (includ-
ing the RCCA and LCCA, right sub-
clavian artery [RSCA] and left subcla-
vian artery [LSCA], and right vertebral
artery [RVA] and left vertebral artery
[LVA]) from the aortic arch. In this
article, we report the details of each
anatomic variant and discuss their rel-
evance regarding experimental aneu-
rysm creation. In addition, we com-
pare variant anatomy in rabbits with
that in humans. All these anatomic
findings should be applicable not only
to experimental aneurysm research
but also to investigators who (i) intro-
duce catheters into carotid arteries for

distal (ie, iliac) artery interventions
and (ii) perform retrograde catheter-
izations of the carotid arteries for an-
gioplasty studies or more distal cere-
bral catheterizations.

MATERIALS AND METHODS

Aneurysm Creation

In all, 214 elastase-induced aneu-
rysms in New Zealand White rabbits
were analyzed. All procedures were
approved by the institutional animal
care and use committee at our institu-
tion. Detailed procedures for aneu-
rysm creation have been described (1).
Briefly, New Zealand White rabbits
(3–4 kg) were anesthetized with intra-
muscular injection of ketamine, xyla-
zine, and acepromazine (75 mg/kg, 5
mg/kg, and 1 mg/kg, respectively).
With sterile technique, a 5-F sheath
(Cordis, Miami Lakes, FL) was ad-
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vanced in a retrograde fashion in the
RCCA to a point approximately 3 cm
cephalad to the origin of the RCCA. A
3-F Fogarty balloon (Baxter, Irvine,
CA) was inflated to achieve flow arrest
in the RCCA. Porcine elastase mixed
with iodinated contrast material was
incubated in the “dead space” of the
RCCA above the inflated balloon for
20 minutes.

Follow-up Angiography

Digital subtraction angiography
(DSA) images of the brachiocephalic
artery (BCA) and the surrounding ma-
jor vessels for each aneurysm before
endovascular treatment were ana-
lyzed. Detailed methods of DSA have
been described elsewhere (4). Briefly,
with use of sterile technique, surgical

exposure of the right common femoral
artery was performed, and a 5-F vas-
cular sheath was placed. The side port
of the sheath was flushed with hepa-
rinized saline solution, and then a bo-
lus of heparin (100 U/kg) was deliv-
ered through the sheath. A 5-F Envoy
catheter (Cordis) was advanced into
the origin of the BCA or the aortic arch
through the sheath under fluoroscopic
guidance (Advantx; General Electric
Medical Systems; Milwaukee, WI).
DSA at 2 frames/sec was performed
with a hand injection of 5 mL of iodin-
ated contrast material (Omnipaque
300; Amersham, Princeton, NJ) at a
rate of approximately 3 mL/sec in the
right anterior oblique view.

From the DSA images, we deter-
mined the pattern of origin of the
RCCA and LCCA, the RSCA and

LSCA, and the RVA and LVA. Domi-
nant patterns were identified, and the
frequency of each variant was calcu-
lated.

RESULTS

Five predominant variations of ves-
sel origin were identified. These con-
figurations are shown in Figures 1–5.

Type 1

In type 1 anatomy, the LCCA orig-
inates from the bifurcation of the BCA
and the aortic arch. This anatomic type
was identified in 200 of 214 animals
(93%). The RSCA originated from the
BCA, and the RVA originated from the
RSCA (Fig 1).

Figures 1, 2. (1) Right anterior oblique DSA image of the BCA. The LCCA originates from the bifurcation of the BCA and the aorta
(black arrow). (2) Right anterior oblique DSA image of the BCA. The LCCA originates separately from the aortic arch (black arrow).
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Type 2

In type 2 anatomy, there are sepa-
rate origins of the LCCA and the
RCCA from the aortic arch. Eight cases
(4%) showed that the LCCA directly
originated from the aortic arch, sepa-
rately from the BCA. The RSCA orig-
inated from the BCA and the RVA
originated from the RSCA (Fig 2).

Type 3

In type 3 anatomy, the LCCA orig-
inates from the BCA. The LCCA orig-
inated from the BCA in two cases in
this study (1%). In these cases, the
RSCA originated from the BCA and
the RVA originated from the RSCA
(Fig 3).

Type 4

In type 4 anatomy, there is an aber-
rant RSCA, with the RVA originating
from the RSCA. We noted three cases
(1.5%) in which the RSCA originated
as a separate branch from the aortic
arch distal to the LSCA, with the RVA
branching from the aberrant RSCA.
This configuration is generally known
as aberrant RSCA anatomy (Fig 4).

Type 5

In type 5 anatomy, there is an aber-
rant RSCA ,with the RVA originating
from the BCA. In a single case (0.5%),
aberrant RSCA anatomy was noted in
which the RVA originated from the
BCA rather than from the aberrant
RSCA (Fig 5).

In all cases, the RCCA originated
from the BCA, the LSCA originated
from the aortic arch, and the LVA
originated from the LSCA.

DISCUSSION

The rabbit elastase-induced aneu-
rysm model has been accepted as a
useful model for testing neurovascular
devices (12–17). However, few vascu-
lar anatomic studies of the aortic
arches of rabbits have been reported
(18). The anatomy described as type 1
in this study is most frequently en-
countered in rabbits, which is consis-
tent with the findings of other re-
searchers (19).

Anatomic variations shown in this
study may affect the safety and feasi-
bility of aneurysm creation and aneu-

Figures 3, 4. (3) Right anterior oblique DSA image of the BCA. The LCCA originates from the BCA (black arrow). (4) Right anterior
oblique DSA image of the aortic arch. Aberrant RSCA anatomy in which the RSCA originates from the aortic arch distal to the LSCA
(black arrow). The RVA originates from the aberrant RSCA (white arrow).
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rysm embolization in rabbit aneurysm
models. These results should also be
useful for other relative experimental
research involving major branches
from the aortic arch when a rabbit
model is used. Aneurysm creation in-
cludes placement of an occlusion bal-
loon across the origin of the RCCA to
incubate elastase in the lumen of the
RCCA. In cases of LCCA origin from
the BCA, placement of the occlusion
balloon may result in profound isch-
emia of the face and head. In addition,
presence of an aberrant RSCA leads to
marked differences in resultant aneu-
rysm anatomy. Instead of originating
from the apex of the curve of the BCA
as in standard anatomic cases, the an-
eurysm in cases of an aberrant RSCA
originates from the aortic arch. Embo-
lization of this type of aneurysm may
be difficult or impossible.

Multiple anatomic variations of the

main branches along the aortic arch in
humans have been reported (20–25).
These include the LVA directly origi-
nating from the aortic arch, the LCCA
originating from the BCA, the aberrant
RSCA, and separate origins of all four
major vessels (RSCA, LSCA, RCCA,
and LCCA) from the aortic arch. Al-
though the occurrence rates of ana-
tomic variants differ between rabbits
and humans, similar anatomic aortic
arch variants occur in humans and
rabbits. In humans, the most common
configuration is a separate origin of
the LCCA from the aortic arch (66%),
which occurs in 4% of rabbits. The or-
igin of the LCCA from the bifurcation
of the BCA and the aortic arch is the
most common pattern seen in rabbits
(93%) but occurs in only 27% of hu-
mans. The LCCA originating from the
BCA instead of the aortic arch, which
has been described as the “bovine

arch” (26), was seen in 1% of rabbits in
this study, compared with 7% in hu-
mans. An aberrant RSCA occurs in
0.4%–2% of humans, which is similar
to the 2% rate encountered in rabbits
(25).
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