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Improved Microsurgical Creation of Venous

ORIGINAL . . . . .
researcH | Pouch Arterial Bifurcation Aneurysms in Rabbits
C. Sherif BACKGROUND AND PURPOSE: The choice of the experimental aneurysm model is essential for valid
S. Marbacher embolization-device evaluations. So far, the use of the rabbit venous pouch arterial bifurcation aneu-
S. Erhardt rysm model has been limited by demanding microsurgery, low aneurysm patency rates, and high
J .F di mortality. This study aimed to facilitate microsurgery and to reduce mortality by optimized peri-/
. Fandino

postoperative management.

MATERIALS AND METHODS: Aneurysms were created in 16 New Zealand white rabbits under general
intravenous anesthesia. Using modified microsurgical techniques, we sutured a jugular vein pouch into
a bifurcation created between both CCAs. Aggressive anticoagulation (intraoperative intravenous:
1000-1U heparin, 10-mg acetylsalicylic acid/kg; postoperative subcutaneous: 14 days, 250-1U/kg /day
heparin) and prolonged postoperative anesthesia (fentanyl patches: 12.5 pg/h for 72 hours) were
applied. Angiographic characteristics of created experimental aneurysms were assessed.

RESULTS: The reduced number of interrupted sutures and aggressive anticoagulation caused no
intra-/postoperative bleeding, resulting in 0% mortality. Four weeks postoperation, angiography
showed patency in 14 of 16 aneurysms (87.5%) and Ohshima type B bifurcation geometry. Mean
values of parent-artery diameters (2.3 mm), aneurysm lengths (7.9 mm), and neck widths (4.1 mm)
resulted in a mean 1.9 aspect ratio.

CONCLUSIONS: Compared with historical controls, the use of modified microsurgical techniques,
aggressive anticoagulation, and anesthesia resulted in higher aneurysm patency rates and lower
mortality rates in the venous pouch arterial bifurcation aneurysm model. Gross morphologic features

of these aneurysms were similar to those of most human intracranial aneurysms.

ABBREVIATIONS: CCA = common carotid artery; DSA = digital subtraction angiography

ndovascular embolization of intracranial aneurysms has

become an equivalent alternative to clipping for ruptured
aneurysms, especially in regard to short-term results." How-
ever, disappointing long-term results with unacceptably high
rates of aneurysm recanalization and late aneurysm re-rupture
were shown recently in large clinical trials.” Thus, experimen-
tal animal studies are crucial to test new and better endovas-
cular devices, to improve long-term aneurysm occlusion.””

The choice of the model is essential for the comparability of
experimental findings with human conditions.® In a compar-
ison of the currently used animal models in rats, rabbits, ca-
nines, and swine,”” the rabbit model showed advantageous
comparability with the human coagulation system and the
best cost-effectiveness.'*'?

At the moment, the most frequently used aneurysm model
is the rabbit elastase model,"*”'* based on intraluminal perfu-
sion of the stump of 1 CCA with pancreatic elastase. The main
advantages of this model are the relatively easy microsurgical
technique, high aneurysm patency, and low morbidity.'>'®"”
However, the aneurysm wall of elastase aneurysms consists of
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a former elastic artery, the multiple elastic membranes of
which were destructed by elastase, probably causing a long-
lasting inflammatory repair process in the entire aneurysm
wall.'"® Additionally, approximately 65%—85% of ruptured
human intracranial aneurysms arise directly at bifurcations."®
However, elastase aneurysms are sidewall aneurysms that con-
tinue into an altered wall of a branching artery, as can be seen
on 3T MR angiographic images.*® In particular his lack of true
bifurcational hemodynamics seems to be the major drawback
of this model.*'

In general, arterial sidewall aneurysm models cannot pre-
dict the ability of new coils to improve long-term angiographic
results under more challenging hemodynamic conditions.®
For example, it was shown by computer-assisted morphomet-
ric comparison of various aneurysm models that bare plati-
num coils performed equally as well as HydroCoils (Micro-
Vention Terumo, Aliso Viejo, California) only in a canine
arterial sidewall aneurysm model, while in arterial bifurcation
models, HydroCoils provided better long-term stable
occlusion.'®

In contrast, the venous pouch arterial bifurcation model is
created by a venous pouch sutured into an artificial true bifur-
cation of both CCAs. The postulated main advantages of this
model are true bifurcational hemodynamics' and the possi-
bility of varying the anatomy of the bifurcation and neck/fun-
dus size of the aneurysm.® The postulated histomorphologic
drawback is a supposed pronounced foreign body reaction
around the suture lines at the neck plane, impairing thrombus
organization and fibrovascular healing.'® However, it has al-
ready been shown that the foreign body response to the mono-
filament sutures around the anastomosis is only benign and
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Fig 1. Microsurgical steps during venous pouch arterial bifurcation aneurysm creation. A, Suturing sequence at the posterior aspect of the anastomosis: 1) right to left CCA, 2) venous
pouch to left CCA, 3) venous pouch to right CCA. B, Suturing sequence at the anterior aspect: 4) right to left CCA, 5) venous pouch to left CCA, 6) venous pouch to right CCA.

that this chronic inflammatory reaction to nonresorbable su-
tures is locally confined to the outer parts of the respective
vessel walls.>*> What is more, the aneurysm wall in the venous
pouch arterial bifurcation model consists of an unaltered vein
transplant with just a few elastic membranes. These features
can also be seen in human intracranial aneurysm walls.*> The
major shortcomings, resulting in less frequent use of this an-
eurysm model in recent years, are the high demands of the
microsurgical technique, low aneurysm patency rates, and
high morbidity rates <50%.%**

The present study aimed to show that these shortcomings
could be minimized by facilitating microsurgical procedures
and improved peri-/postoperative management.

Materials and Methods

The aneurysms were created in 16 female New Zealand white rabbits
(body weight, 3.1-4.7 kg). All surgical procedures were performed at
the Department of Clinical Research at the University of Berne. The
study was approved by the responsible veterinarian agency of the
Canton of Berne, Switzerland.

Anesthesia

All rabbits were premedicated with subcutaneous injection of 65-
mg/kg xylazine and 4-mg/kg ketamine and received, preoperatively, a
single dose of antibiotics (50-mg penicillin) intravenously. For gen-
eral anesthesia, a solution of 130-mg/kg xylazine and 8-mg/kg ket-
amine in 100-mL 0.9% saline was intravenously administered via a
perfusor with a rate of 1 mL/s. Animals received oxygen (1 L/min) via
ventilation mask.

Microsurgical Aneurysm Creation

The animals were fixed in a supine position on a body warming plate.
All operative procedures were performed under sterile conditions. A
midline incision was made from the manubrium sterni up to the jaw.
The following microsurgical procedures were performed by using an
operation microscope: First, a 1.5-cm-long segment of the left exter-
nal jugular vein without venous branches was prepared, ligated prox-
imally and distally with 40 silk (Ethilon 4—0; Ethicon, West Somer-
ville, New Jersey), resected, and kept in heparinized saline (a mixture
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of 1000-IU heparin in 20-mL 0.9% saline and 1-mL papaverin HCI
4%). The left CCA was then prepared over a distance of approxi-
mately 5 cm, starting from the aortic arch to the carotid bifurcation.
Tiny arterial branches running medially and supplying laryngeal and
tracheal structures and neural structures were preserved. The right
CCA was then also isolated and mobilized up to the carotid bifurca-
tion and proximally down to the brachiocephalic branching. Then the
animals received 1000-IU heparin intravenously. To obtain a long
donor artery for a tensionless anastomosis, we temporarily clipped
the right CCA distally just below the carotid bifurcation and then
proximally ligated it above the brachiocephalic branching and cut it
just above this ligature. This stump was extensively irrigated with
heparinized saline as described above, and the adventitia at the cut
free end was carefully resected.

The segment of the left CCA planned for the anastomosis was also
meticulously freed of the adventitia and then temporarily clipped
distally and proximally. Between the clips, an elliptic arteriotomy was
performed to accommodate the circumferences of the right CCA and
the venous pouch, and then this portion between the clips was also
extensively irrigated with heparinized saline to remove intraluminal
clots. The posterior circumference of the right CCA stump was now
sutured into the arteriotomy in the left CCA, by using 4—5 nonresorb-
able monofilament sutures (Ethilon10—0; Ethicon). Then a longitu-
dinal cut was made in the stump of the right CCA to accommodate
half the circumference of the venous pouch. The back side of the
venous pouch wall was now first anastomosed with the arteriotomy in
the left CCA by again using 45 sutures, and then it was anastomosed
with the cut in the right CCA with 3—4 sutures (Fig 1A). The same
procedures were performed in the same order at the anterior side of
the anastomosis (Fig 1B). Then the distal end of the venous pouch was
clipped, and the distal clips on the right CCA were removed. After
prompt filling of the aneurysm, trapped air and debris were washed
out by opening the clip at the dome of the venous pouch, which was
then tightly sealed with a 4—0 polyfilament suture (Vicryl, Ethicon).
The suture lines around the anastomosis and the aneurysm neck were
then covered with small pieces of adipose tissue for additional hemo-
stasis (Fig 2A). During the operation, 4% papaverin HCl solution and
antibiotic solution (neomycin sulfate, 5 mg/mL) was frequently ap-



Fig 2. Morphology of the venous pouch arterial bifurcation aneurysm. A, View under the operation microscope after microsurgery. B, Calibrated DSA 4 weeks after operation. A, 1) Proximal
left CCA, 2) right CCA, 3) distal left CCA. Asterisk indicates the dome of the venous pouch aneurysm; the plus sign, the fat pad for sealing the suture line. B, DSA shows the aneurysm
and parent-vessel patency after 4 weeks. Green lines indicate the aneurysm neck width and aneurysm length and the contour of the in-flow parent-artery (left CCA). Red line shows the

distance of the neck plane center from the parent-artery contour.

plied topically on the anastomoses to prevent vasospasm and local
infections.

For deep and superficial wound closure, 4—0 resorbable sutures
(Monocryl, Ethicon) were used.

Postoperative Management

Immediately after we finished the operation, all animals received 10-
mg/kg acetylsalicylic acid intravenously and 60-mL 5% glucose sub-
cutaneously to compensate for dehydration during surgery. For pro-
longed anesthesia, transdermal fentanyl matrix patches releasing 12.5
pg/h were applied for 72 hours in the shaved neck region of the ani-
mals. All animals received daily 250-IU/kg low-molecular heparin
subcutaneously for 2 weeks.

Angiographic Follow-Up
Four weeks postoperatively, all animals underwent DSA, performed
with the animal under general anesthesia, by using standard tech-
niques via a transfemoral approach.?! To assess the gross morpho-
logic characteristics, we measured the aneurysm parameters, total
length, neck width, and parent-vessel diameters (at the level of the
aneurysm orifice) on DSA images and calibrated them by paraverte-
brally placed skin clamps. The aneurysm aspect ratio (length/neck
width) was calculated.?® Additionally, the distance of the neck plane
center from the contour of the parent artery was measured (Fig 2B) to
determine the Ohshima-type bifurcation aneurysm.*®

All animals showing a patent aneurysm at follow-up were not
killed but were included in ongoing experiments at the Department of
Clinical Research of the University of Berne.

Results
With the modified microsurgery, on average, 150 minutes
were needed for the operations, decreasing from 225 to 115
minutes in the course of the experimental series. The duration
of the clamping time of both CCAs was, on average, 65 min-
utes, decreasing from approximately 120 to 45 minutes. Alto-
gether, on average, 22 interrupted sutures (range, 20—29) were
needed to create the anastomoses and aneurysms.
Perioperative and postoperative mortality was 0%. Despite
intra- and postoperative high-dose heparinization, no sponta-
neous bleeding occurred at the site of the anastomoses. No
postoperative wound infections and no gastric stress ulcera
were observed in the present series; however, 1 animal (the

heaviest at 4.7 kg) was impaired by slight hemiparesis but sur-
vived until follow-up.

Angiographic Follow-Up

Four weeks postoperatively, DSA showed patency of both
CCAs and the aneurysms in 14 of 16 animals (87.5%), while
aneurysm occlusion was observed in the hemiparetic animal
(4.7 kg) and another animal (4.5 kg). Both aneurysms were
created, however, at the beginning of the series (aneurysms 1
and 8). As measured on the calibrated DSAs, parent-artery
diameters ranged between 1.6 and 2.7 mm (mean, 2.3 mm),
the mean aneurysm length was 7.9 mm (range, 7.4.— 8.6 mm),
and the mean aneurysm neck width was 4.1 mm (range, 3.7—
4.8 mm). These measurements resulted in a mean aspect ratio
of 1.9 (range, 1.67-2.08). The neck orifice positioning in rela-
tion to the parent-artery axis (Fig 2B) showed a mean distance
of 1.7 mm (range, 1.3-2.1 mm), thus corresponding to Ohs-
hima type B aneurysms (Table). In human aneurysms, this
type B geometry is statistically significantly correlated with a
high risk of aneurysm rupture.*®

Discussion

The results of the present study favor the venous pouch arte-
rial bifurcation aneurysm model in rabbits. Unfortunately, in
the available literature on this model, only general descrip-
tions of the operative technique can be found, without special
emphasis on surgical details or the importance of peri- and
postoperative management strategies.”*"***” In the authors’
opinion, the following factors play key roles in facilitating mi-
crosurgery and improving the outcome of this experimental
aneurysm creation:

1) Careful preparation of a long segment of the left CCA,
but without destruction of the superior laryngeal nerves and
small vessels.

2) Careful removal of the highly thrombogenic adventitial
connective and fatty tissue from both parent arteries at the
planned junction before the creation of the anastomosis.

3) Creation of a tensionless anastomosis between both
CCAs. Apparently, it makes no difference that in the present
series, the right CCA was anastomosed to the left CCA, in
contrast to the originally described and later modified
procedure.”!
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Angiographic evaluation

Aneurysm Parent Artery o Length Neck Width Aspect Ohshima Shift Ohshima
No. Patency (mm) (mm) (mm) Ratio (mm) Type
1 No

2 Yes 2.40 8.40 470 1.79 1.60 B
3 Yes 1.90 7.70 3.70 2.08 1.70 B
4 Yes 2.60 7.50 3.90 1.92 1.80 B
5 Yes 2.70 7.50 410 1.83 1.60 B
6 Yes 2.50 8.00 420 1.90 2.10 B
7 Yes 1.90 8.60 4.30 2.00 1.80 B
8 No

9 Yes 2.60 8.00 4.00 2.00 2.10 B
10 Yes 2.40 8.10 410 1.98 1.50 B
1 Yes 1.90 7.60 3.90 1.95 1.30 B
12 Yes 1.60 7.40 3.80 1.95 1.40 B
13 Yes 1.90 7.40 410 1.80 2.10 B
14 Yes 240 7.10 410 1.73 1.80 B
15 Yes 2.30 7.90 420 1.88 1.50 B
16 Yes 2.50 8.00 4.80 1.67 2.00 B

4) Reduction of the number of sutures and adjustment of
the sequence of suturing around the anastomosis. The number
of necessary sutures could be reduced to an average of 22,
compared with the =32 sutures reported in the literature.*"**
For the sequence of suturing, the proposed beginning at the
posterior aspect of the anastomosis (Fig 1) gives better visual
control of these most difficult sutures, in contrast to previ-
ously proposed procedures.*"**?

5) The intimal layer around the anastomosis may not be
penetrated by sutures, to avoid intimal damage causing
thrombosis in the parent arteries. A reduced number of su-
tures also causes less injury to the vessel walls, further mini-
mizing the risk of aneurysm thrombosis or embolism.

6) Sealing of the outside of the suture lines with a thin layer
of fatty tissue proved important to avoid bleeding from the
anastomoses, despite the reduced number of sutures and the
aggressive anticoagulation regimen, as discussed below.

7) A reduced number of sutures results in shorter clamping
times of both CCAs and shorter operation times, reducing the
risk of neurologic deficits and complications from anesthesia.

Improved Anticoagulation Management

With the prolonged and more aggressive anticoagulation reg-
imen, a high 87.5% aneurysm and parent-vessel patency could
be achieved, but without the incidence of spontaneous aneu-
rysm hemorrhage. These findings go along with Grunwald et
al,>® who showed that combined anticoagulation provides
good long-term parent-vessel patency.

Improved Peri- and Postoperative Management
In our opinion, a main factor in reducing the reported high
rates of =26.3% postoperative respiratory complications®'
was to replace intubation ventilation with general intravenous
anesthesia. With the applied intravenous medication, com-
bined with oxygen mask ventilation, satisfactory general anes-
thesia over the long operation time could be achieved. Fur-
thermore, preservation of the superior laryngeal nerves during
careful microsurgical dissection is also crucial for good respi-
ratory outcomes. With this management, we did not observe
any respiratory complications in the present series.

Other frequently reported postoperative complications are

168 Sherif | AJNR 32 | Jan 2011 | www.ajnr.org

gastrointestinal problems, mainly caused by stress ulcera,
reaching an incidence of =20%.>' Consequently, in the
present series, we tried to provide intensified long-term anes-
thesia for 72 hours, compared with the standard of 24 hours.
Obviously, this high dose and extended anesthesia reduced
procedural stress for the animals considerably, evidenced by
lack of complications with the postoperative nutrition in this
series.

The only animal with postoperative hemiparesis was the
heaviest animal in this series (4.7 kg) with an extensive subcu-
taneous fat layer. The second animal showing aneurysm oc-
clusion also had a high body weight of 4.5 kg. Thus, it can be
suspected that comparable with human patients, operative
risks are higher for overweight subjects. For future experimen-
tal series, we suggest using only rabbits with <3.5 kg body
weight.

The applied modifications of microsurgery and manage-
ment resulted in 0% peri-/postoperative mortality in the
present study. Thus the major limitation of this aneurysm
model® was apparently overcome. Despite the small number
of animals who underwent surgery, this favorable mortality
rate is comparable with the 8.4% mortality reported by Lewis
et al®® during elastase aneurysm creation in an extremely large
series of 700 rabbits undergoing surgery. The aneurysm pa-
tency rate of 87.5% in the present study is comparable with the
90%-95% patency rates reported for the elastase model.'”*>!
Because both occluded aneurysms were created in the begin-
ning of the series, this result can be attributed to the surgical
learning curve. Thus, it is likely that increasing patency rates
can be obtained in larger series of the venous pouch model,
achieving the level documented for the elastase model.*

Conclusions

The improved venous pouch arterial bifurcation aneurysm
model using modified microsurgical techniques, aggressive
anticoagulation, and anesthesia resulted in aneurysm patency
rates and mortality rates comparable with those of the rabbit
elastase model. Gross morphologic features of the created an-
eurysms are similar to those of most human intracranial
aneurysms.
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