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Summary: A two-staged technique for construction of ex-
perimental aneurysms in swine is described. The jugular
vein is initially anastomosed to the carotid artery. Sponta-
neous hypertrophy of the vein is modeled by placing re-
straining sutures to create a fusiform aneurysm. Subse-
quent endovascular closure of this aneurysm leaves a
sidewall aneurysm pouch. Staging allows maturation of the
anastomosis, and the technique provides additional targets
for endovascular training. Trial has been successful in
three animals.

Experimental saccular aneurysms have for many
years been constructed by researchers from vein ho-
mografts in a variety of animal types (1). There is no
consensus on the optimum species for aneurysm con-
struction, but swine are widely used because they are
suitable in size for testing endovascular devices, are
ethically acceptable, and have a hematology profile
similar to that of humans (2). However, in swine, the
free graft lateral wall vein pouch experimental aneu-
rysm is liable to spontaneously rupture during the
short term (3) (Y. Murayama, personal communica-
tion). This report describes a two-stage procedure to
create fusiform or saccular experimental aneurysms
that overcomes this problem.

Description of the Technique
The procedure involves anastomosis of the external jugular

vein to the carotid artery to establish an arteriovenous fistula
(AVF) and delayed endovascular closure of the fistula to create
a saccular aneurysm.

Surgical Technique: Stage 1
To establish an AVF, the external jugular vein is exposed

and cleaned of surrounding tissues for a length of 5 cm. The
cranial end is ligated and the distal exposed portion mobilized
to allow it to be swung medially under the sternocleidomastoid
muscle. The cervical carotid artery is then exposed and a
4.5-mm arteriotomy made on its anterolateral aspect after the
application of temporary vascular clamps. A venotomy is made
in the mobilized vein and the two vessels anastomosed side-to-
side with a running 60 nylon suture. To assist the anastomosis,
temporary stay sutures are placed at the ligated end of the vein
and back bleeding is controlled by placing a vascular sling
around the caudal part of the vein.

After removal of the arterial clamps and vascular sling,
blood flow in the vein and artery distal to the fistula is con-
firmed visually. Loops of 30 silk sutures are then placed 1.5 cm
apart around the draining vein to narrow the vessel above and
below the section to subsequently be occluded. The wound is
closed in layers (Fig 1).

Endovascular Technique: Stage 2
The second stage procedure is performed 1 to 2 weeks later.

The vein inevitably enlarges during the interval so that fusiform
dilations develop immediately proximal to each suture. To
convert the fistula into an aneurysm, an endovascular balloon
(1815 DSB; Target Therapeutics, Inc., Fremont, CA) is placed
via a percutaneous femoral puncture between the sutures un-
der fluoroscopic control. Once the fistula is closed, a proximal
vein pouch aneurysm remains for testing embolization devices
or other studies. Both stages are performed after the induction
of general anesthesia. The surgical techniques were developed
and performed according to a protocol approved by the Uni-
versity Ethics Panel and the United Kingdom Government
Home Office.

Unilateral AVF were created in three pigs weighing 25 to 30
kg each. Follow-up intra-arterial transfemoral angiography was
performed 7, 12, and 18 days later, respectively. All the AVFs
were patent with enlargement of the draining vein (Fig 2A).
Pouch aneurysms were successfully created after closure of
AVF between the restraining sutures in all animals (Fig 2B).
One animal was followed without embolization, and repeat
angiography after an additional 14 days showed a patent but
smaller residual aneurysm pouch (Fig 2C).

Discussion
The conventional vein graft pouch continues to be

used for the construction of in vivo sidewall experi-
mental aneurysms by researchers because the surgical
technique is relatively simple. The described modifi-
cation is intended to improve the reliability of aneu-
rysm production without adding to the surgical
complexity. Descriptions of techniques to create
experimental aneurysms that involve arteriovenous
anastomosis have been presented. Black (4), in a
modification of his original operation, established an
AVF and then, after a short period (approximately 60
min) of observation, ligated the draining vein to cre-
ate a sidewall aneurysm. This was performed so that
the pouch could be more accurately sized, based on
the principle that matching the sac to neck size made
spontaneous thrombosis less likely. Others have ex-
ploited the technique to create terminal and bifurca-
tion aneurysms (5). The use of a restraining suture to
modify the anticipated enlargement of the draining
vein has not previously been described.

The sidewall experimental aneurysm, particularly
when created in swine, is liable to spontaneously
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thrombose as well as rupture (2, 3). Black (4) found
that restricting the length of the aneurysm sac (ie,
reducing the ratio of sac-to-neck dimensions) reduced
the incidence of spontaneous thrombosis, presumably
by altering intrasaccular blood flow patterns. Thus,
species and aneurysm geometry are both factors. Our
modification may also be liable to thrombosis for the
same reasons, and more work is needed to assess this
possibility.

Increasing the complexity of aneurysm preparation,
as proposed, has to be justified. The AVF allows the
anastomosis between artery and vein to mature and
seems to avoid the danger of spontaneous rupture.
The phenomena, which have also been described as
occurring in rats (6) but not dogs (7), occur during the
first week after surgery (3). As a result, embolization
has to be performed early, usually at the time or
within 48 hr of surgery. This is not optimum because
recently manipulated vessels are more likely to de-
velop spasm during endovascular catheterization. The
delay between the two stages is therefore an advan-
tage, and if the model is to be used for training,
balloon or coil embolization of the distal vein pouch
can be incorporated in a teaching program. For ex-
perimentation, the model allows the creation of fusi-
form aneurysms and has potential for further modi-
fication. For example, surgical modifications, such as
ligating the caudal rather than cranial end of the vein,
would reduce the angle between parent artery and
pouch so that a stent could be placed more easily.

The response observed in vessels after surgical con-
struction of AVF has been studied in patients and
animals. Involved arteries and veins enlarge in re-
sponse to increased blood flow. Hypertrophy of vein
wall media has been observed as early as 1 week after
arteriovenous anastomosis, and by 8 weeks, the media
muscle layers appear similar to that of arteries, al-
though no elastic lamina develops (8). The hemody-
namic changes associated with establishing and then
closing an AVF warrant further study because arter-
ies enlarge in response to increased shear stress but
intimal thickening and remodeling occur if blood flow
(and therefore shear stress) is then reduced (9). Such
vascular changes mean that previously described an-
eurysm flow dynamics (7) cannot be assumed in this
model.
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FIG 1. Line drawing shows the arteriovenous anastomosis
between the carotid artery and mobilized external jugular vein. A
side-to-side anastomosis is performed 1–2 cm below the cranial
end of the ligated vein. Restraining sutures are then applied to
induce a pouch in the draining vein.
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FIG 2. Stage 1 of surgical technique.
A, Intra-arterial angiogram obtained 7 days after creation of a fistula by anastomosis of the external jugular vein (side-to-side) with the

cervical carotid artery. Two fusiform pouches are present in the draining vein because restraining sutures were placed to restrict
enlargement of the vein at the site of the arrows.

B, A balloon has been deployed in the distal vein pouch to close the fistula and convert the upper pouch into a sidewall aneurysm.
C, Angiogram obtained 14 days after closure of the fistula. The sidewall aneurysm has remodeled.
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