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Preventing Spontaneous Thrombosis of
Experimental Sidewall Aneurysms:

The Oblique Cut
Yoshikazu Yoshino, Yasunari Niimi, Joon K. Song, Shinya Khoyama,

Yong Sam Shin, and Alejandro Berenstein

Summary: In our experience with the canine model, side-
wall aneurysms made with an oblique-cut arteriotomy were
less likely to thrombose than were those made with a
standard technique.

Experimental sidewall aneurysms created in differ-
ent species of animals have a tendency to thrombose
spontaneously (1–3). We have developed a surgical
modification to the construction of experimental side-
wall aneurysms, called the oblique cut. We compared
spontaneous thrombosis rates of standard experimen-
tal sidewall aneurysms to oblique-cut sidewall aneu-
rysms in a canine model.

Methods

Forty-four male dogs were included in this retrospective
study. These animals were used for other studies in which
experimental aneurysms were required. Three neurosurgeons
constructed the experimental aneurysms after a similar training
period. The first 11 aneurysms made were standard sidewall
aneurysms (group A; n � 11). After noting spontaneous throm-
bosis in several of these aneurysms, one operator (Y.Y.) de-
veloped the oblique-cut aneurysm construction. Encouraged by
the less-frequent occurrence of observed cases of spontaneous
thrombosis, we continued to construct oblique-cut sidewall
aneurysms, which comprise the latter-constructed experimental
aneurysms (group B; n � 33). For both groups of aneurysms,
training and skill of operators, surgical operating conditions
and materials, goals of construction and technique, handling
and maintenance of animals, and angiographic evaluation were
similar. The proportions of spontaneous thrombosis for each
aneurysm group were compared.

Aneurysm Construction
All animal experiments were conducted in accordance with

policies set by the Institutional Animal Care and Use Commit-
tee of St. Luke’s Roosevelt Hospital Center Animal Care Fa-
cility. All surgical and endovascular procedures were per-
formed under general anesthesia. The animals were 3–4 years
old, weighted 18–21 kg each, and were maintained on a stan-

dard laboratory diet. Anesthesia was induced with thiopental
15–20 mg/kg followed by endotracheal intubation and main-
tained with isoflurane 1–3% via the endotracheal tube. The
neck and groin were prepped and draped in the usual sterile
fashion. During surgery, the heart rate, blood pressure, O2
saturation, electrocardiogram, and depth of anesthesia were
monitored. All sidewall aneurysms were constructed at the
right carotid artery distally to the carotid bifurcation aneu-
rysms, which were used for other studies. A 10-cm skin midline
incision was made in the neck, and the right external jugular
vein (EJV) was isolated. This segment was then excised by
using double-ligation technique and severed to produce sec-
tions of the venous pouch. The distal portion of the right
common carotid artery (CCA) was temporarily closed and an
elliptical arteriotomy, approximately 6 mm in length, was cre-
ated on the lateral end of the right CCA. The neck segment of
the prepared EJV pouch was then sutured along the edges of
the arteriotomy by using 6–0 Proline sutures, resulting in a
berry-shaped sidewall aneurysm. For group A (standard) an-
eurysms, the aneurysm neck segment of the grafted venous
pouch was cut vertically to the aneurysm long axis. For group B
(oblique-cut) aneurysms, the neck segment was cut at an esti-
mated 45° angle to long axis of the aneurysm (Fig 1). The axial
length of the aneurysm was 12–25 mm. The graft suture seg-
ment was larger than the aperture of the artery, especially in
group B aneurysms, because of oblique cut. The venous grafts
were stitched gathering the suture plane to fit to the arterial
aperture segment.

Angiographic Analysis
All aneurysms were assessed by digital subtraction angiog-

raphy (DSA) to document spontaneous aneurysm thrombosis.
Aneurysms were classified into three groups, as patent, par-
tially thrombosed, and complete thrombosed, at the last fol-
low-up angiogram. Follow-up angiograms were obtained at
27–138 days after aneurysm construction (mean, 47 days). A
patent aneurysm was defined as an aneurysm that was open
with �10 mm contrast filling in its axial dimension. An aneu-
rysm that was open with �10 mm axially filling or showed
irregular dome filling was regarded as a partially thrombosed
aneurysm. An aneurysm that showed signs such as irregularity
of parent artery at the neck portion or no aneurysm filling was
regarded as a completely thrombosed aneurysm.

Statistical Analysis
Proportions were compared using Fisher’s test and d tables

for Fisher’s test (a � 11, b � 0, c � 1, d � 11, at P � .01).

Results
At the last follow-up angiogram for each animal,

0/11 (0%) group A (standard) aneurysms and 32/33
(97.0%) group B (oblique-cut) aneurysms were
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patent (P � .01) (Table 1; Fig 2). One of 11 (9.1%)
group A aneurysms and 1/33 (3.0%) group B aneu-
rysms were partially thrombosed.

Discussion
In a retrospective study in dogs, we found that

oblique-cut sidewall aneurysms appeared less likely to
thrombose spontaneously than did conventionally
constructed experimental sidewall aneurysms. Many
experimental aneurysm models have been described,
mainly in rabbits, pigs, and dogs (4–8). The first
reliable surgical construction technique for experi-
mental aneurysms in laboratory animals was in a ca-
nine model, by German and Black, in 1954 (9). Black
and German made observations on the relationship
between the volume and the size of the orifice of
experimental sidewall aneurysms in dogs (2). In eval-
uating 21 experimental sidewall aneurysms in canines,

they found that 11/21 experimental sidewall aneu-
rysms (52%) had spontaneously thrombosed within 2
weeks. Of the sidewall aneurysms that remained
patent during this time, they noted that the volume-
to-orifice area ratio was less then 23.6:1. Minimizing
the aneurysm volume-to-orifice area ratio during con-
struction has been helpful in reducing the incidence
of spontaneous thrombosis; however, despite mea-
sures to minimize this ratio while creating a realistic
aneurysm, conventional experimental sidewall aneu-
rysm models continue to suffer from this important
limitation. Nonetheless, the oblique-cut technique
helps to minimize the aneurysm volume-to-orifice
area ratio while allowing the creation of various sized
aneurysms. The patency rate of 97% (32/33 oblique-
cut aneurysms) for our group B sidewall aneurysms is
higher than previously reported.

The occurrence, growth, thrombosis, and rupture
of saccular aneurysms have been directly or indirectly

FIG 1. Schematic drawing of the
oblique-cut method of constructing a
sidewall aneurysm.

The aneurysm neck segment of venous
pouch harvested from the EJV was cut
approximately 45° angle to the aneurysm
long axis (arrowhead). An elliptical arteri-
otomy, approximately 6 mm long, is cre-
ated on the lateral end of the right CCA.
The neck segment of the pouch is then
sutured along the edges of the arteriotomy
by using 6–0 Proline sutures, resulting in a
berry-shaped sidewall aneurysm.

Group A � Standard. Group B � Oblique cut

Mean
follow up period

No. of patent
aneurysms (%)

No. of partially
thrombosed

aneurysms (%)

No. of completely
thrombosed

aneurysms (%)

Group A (n � 11) 30 days 0 (0%) 1 (9.1) 10 (90.9)
Group B (n � 33) 52 days 32 (97%) 1 (3) 0 (0)

FIG 2. Intraoperative view and DSA im-
age of a sidewall aneurysm constructed
obliquely to parent artery. The aneurysm
remained patent on 30-day follow-up an-
giogram (A, C, arrow). Intraoperative view
and DSA image of a sidewall aneurysm
constructed conventionally perpendicular
to the long axis of the parent vessel. The
aneurysm was thrombosed 27 days after
construction. (B, D, arrow).
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related to hemodynamic forces (7). The exact nature
of the change in hemodynamics that allows for less
spontaneous thrombosis in our experimental oblique-
cut sidewall aneurysm model is not known. It is hy-
pothesized that the oblique-cut modification results
in less turbulent and stagnant inflow and outflow
within the aneurysm. Conventional experimental
sidewall aneurysms have a different hemodynamic
profile from those of bifurcation aneurysms (8). Char-
acteristic stagnation of flow within a sidewall aneu-
rysm can occur (7). The stagnation of blood flow in a
sidewall aneurysm can result in the accumulation of
both platelets and leukocytes along intimal surfaces,
as well as in an impairment of the diffusion of oxygen
and metabolites from blood to the vascular wall. Stag-
nation of blood flow may cause intimal damage and
lead to thrombus formation followed by aneurysm
occlusion (10).

A limitation of our study is that the rate of patency
of our conventional sidewall aneurysms was lower
than that of a recent study (11). Kallmes et al (11)
reported that the 81% of their sidewall aneurysms
were patent at �2 weeks. The patency rate differ-
ences may be in part attributable to the relatively
small number of animals used in each study (i.e., had
we created more standard sidewall aneurysms, we
may have found a lower rate of spontaneous throm-
bosis). These differences can also be secondary to
different surgical methods of construction, aneurysm
and/or neck size, method of assessing patency (an-
giography/sonography versus angiography), and dura-
tions of assessment. In particular, because the size
and shape of aneurysm neck are known to affect the
patency of sidewall aneurysms, this difference may
correlate to the length of the elliptical arteriotomy for
the arterial aperture. Their 10-mm-long spherical ar-
teriotomy was greater than the 6 mm that was chosen
for our study. The diameters of the canine CCA and
the venous pouch from jugular vein are 4–5 mm and
8–9 mm, respectively. We chose a 6-mm length for
the aperture (neck size) to minimize the risk of pro-
trusion of an embolic device (e.g., detachable coil)
into the parent artery for other experiments.

On the basis of our preliminary results, the next
step would be a study where one standard sidewall
aneurysm and one oblique-cut sidewall aneurysm is
made in each of several dogs. This follow-up study

can more rigorously test the hypothesis that the an-
eurysms made with the oblique cut have a lower
incidence of spontaneous closure than do those made
with a standard incision. Evaluation of this technique
to other animal models, such as the porcine experi-
mental sidewall aneurysm model (11, 12), which have
a greater incidence of spontaneous thrombosis than
in canine, is reasonable.

Conclusion
The oblique-cut modification of experimental side-

wall aneurysm creation in canine appears to result in
less spontaneous thrombosis than conventionally con-
structed sidewall aneurysms. Further studies to vali-
date this new method of sidewall aneurysm construc-
tion are warranted.
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