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ABSTRACT
AIm: To implement a surgical technique consisting of simplified incisions that allows all required procedures to be performed in one
single operation for the purpose of reducing surgical stress in experimental animals.
MaterIal and Methods: Experimental animals (rats) were assigned to one of four groups: Group 0 was the (normal) control
group, Group 1 consisted of rats that had an operation using multiple incisions, Group 2 consisted of rats who received a midline
incision and were raised for 3 months, and Group 3 consisted of rats who also received a midline incision, but had been raised for
6 months. Rat blood pressure was measured by tail cuff method. The surgical characteristics and outcomes of the rats in Groups
1 and 2 were compared. Aneurysmal lesions of both branching and non-branching sites were compared amongst the 4 groups by
observation of the cerebral vascular corrosion casts through a scanning electron microscope. Histological analyses of the induced
aneurysms were performed.
Results: The simplified incision technique significantly reduced the length of surgery and need for anesthesia redose during the
operation. No aneurysms formed in the normal control rats. The incidence of saccular aneurysm formation significantly increased in
Group 3. Histological analyses confirmed the aneurysms induced in the rats shared the same characteristics as human aneurysms.
ConclusIon: Our modified surgical method reduced the surgical stress in rats. It also successfully induced both saccular and
fusiform cerebral aneurysms. While longer incubation duration for aneurysm formation could be applied in future researches.
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Introduction

Aneurysmal subarachnoid hemorrhage is a significant cause
of morbidity and mortality throughout the world and it continues to present challenging problems despite the advances
in neurosurgery field (2). Various animal models have been
developed to reveal the underlying mechanisms and possible
treatments of Cerebral Aneurysm (CA) (5, 6, 18). A widely used
experimental CA rat model, reported by Hashimoto et al, consists of induction of an aneurysm secondary to hypertension
resulting from the bilateral ligation of the posterior renal arter-

Corresponding author: Chao YOU
E-mail: chaoyou_wc@yahoo.com

62 | Turk Neurosurg 26(1):62-68, 2016

ies and unilateral ligation of common carotid artery to enhance
the hemodynamic stress placed on the collateral side of the
Willis circle (5). Since estrogen deficiency has been showed
to increase the frequency of aneurysm formation, a bilateral
oophorectomy was performed one month after ligation of the
arteries, as a second (two-stage) operation (7, 8).
Recently, an experimental CA rat model consisting of a one
stage operation involving ligation of the unilateral common
carotid artery, ligation of the bilateral posterior renal arteries,
and oophorectomy has been reported. However, the authors
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used two incisions: a midline abdominal incision to perform
the oophorectomy and bilateral flank incisions to ligate the
renal arteries (3). Therefore, to reduce the stress placed on
the experimental animals and potential surgical complications
related to a two-step operation and/or multiple incisions, we
designed a one-step operation involving a single midline dorsal
incision that allowed both the ligation of bilateral renal arteries
and oophorectomy to be performed concurrently. Surgical
characteristics and outcomes were compared between rats
that received the multiple vs. simplified incisions. Additionally,
the rate of aneurysm formation was compared between the 3
months and 6 months aneurysm incubation groups.
█

MATERIAL and Methods

This experiment protocol has been approved by the animal
ethics committee of Sichuan University. Seven weeks old
female Sprague-Dawley rats were used. The rats were
assigned to one of four groups. Group 0 was the normal
control group, and consisted of rats that had been raised for
3 months without any intervention. Group 1 consisted of rats
that had received multiple incisions. Rats in Group 2 and 3
received one simplified midline incision; rats in Group 2 had
been raised for 3 months, while Group 3 had been raised for
6 months.
The previously used multiple incision surgical procedure
consisted of three incisions: a midline abdominal incision to
remove both ovaries, a bilateral flank incision to access renal
arteries, and a neck incision to ligate the right common carotid
artery.
The simplified incision procedure that was performed on rats in
Group 2 and 3 is described as follows. After proper anesthesia
was administered by use of intraperitoneal injections of
ketamine (80 mg/kg) and xylazine (8 mg/kg), the operational
area was shaved and rats were placed in the prone position.
The skin incision was designed on the middle line under the
inferior line of costal margin (Figure 1a). Subcutaneous fascia
was cut and bluntly separated; this was a key method to allow
the incision to be mobilized bilaterally (Figure 1b). Forceps
were used to pull the incision laterally to make the muscular
incision about 1 cm away from mid-line. After blunt separation
of the fat tissue, the kidney was gently exposed and the
posterior renal artery was ligated under microscope (Figure
1c, d). Then the ovary was dissected from the fat tissue
lateral to the kidney and removed (Figure 1e, f). The remaining
uterus was returned and the muscular layer was closed with
a 4-0 suture. The skin incision was pulled by forceps to the
contra lateral side, and the same procedure was repeated.
Then the skin was closed with a 3-0 suture. After that, the rats
were placed in a supine position and the right common carotid
artery was ligated through a mid-line incision in the neck.
One week after the surgery, the rats were given 1% NaCl in their
drinking water until the designated time of sacrifice. During
this period, their systolic blood pressure was measured by the
tail-cuff method (Softron BP-98A) without any anesthesia.
Cerebral vascular corrosion casts were produced as
reported previously. The Circle of Willis was observed under

scanning electron microscope by 3 blinded inspectors. The
morphological changes of branching site lesions were divided
into three stages as described previously (3,8). In summary,
Stage 1 is characterized by a roughened apical intimal pad
with irregularly shaped endothelial cell imprints. While in
Stage 2 there is shallow fusiform elevation of the apical intimal
pad, which is covered by abnormal endothelial cell imprints.
Stage 3 indicates that a well-developed saccular aneurysm is
present. We also recorded the height of the Stage 3 aneurysm,
which was measured by the distance between the dome to
parent artery (7, 8). The non-bifurcation lesions were classified
as dilatation, tortuosity, or fusiform aneurysms according to
the previous papers (3, 9).
The frozen sections of the anterior cerebral artery and olfactory
artery (ACA-OA) bifurcation were obtained as described
previously (1). Elastica van Gieson stain was applied following
the manufacturer’s guidelines (Elastica van Gieson kit, Maixin.
Bio). Fluorescence stains of vascular smooth muscle were
performed as described before (1). The primary antibody
used was rabbit polyclonal anti-alpha smooth muscle actin
antibody (1:400, Abcam) and the secondary antibody used
was Alexa Fluor conjugates goat anti-rabbit IgG antibody
(1:800, Cell Signaling).
Statistical analyses were performed using PASW Statistics
18.0 software. T-test or Chi-square test was used to determine
any statistical differences amongst the variables between
the groups. A two-sided P-value less than 0.05 indicated a
statistically significant difference.
█

Results

A comparison of the surgical characteristics of the rats in
Groups 1 and 2 are shown in Table I. The surgical duration
time was significantly reduced in Group 2 (55.9 vs. 38.8
minutes, p=0.02, T-test). The need for anesthesia redose was
significantly reduced in the simplified incision group (73% vs.
27%, p=0.02, Chi-Square test). For peri-surgical mortality, 3
rats in Group 1 died of redose during surgery, and another
2 died within 12 hours after surgery without any discernable
cause. Only 1 rat died due to redoes in Group 2. Although
fewer rats in group 2 died, there was no statistically significant
difference in the mortality rate amongst the groups (33% vs.
9%, p=0.147, Chi-Square test). Post-surgical wound infection
was reduced in group 2, however this difference was not
statistically significant (13% vs. 9%, p=0.738, Chi-Square
test).
The blood pressures of the rats in each group are shown in
Figure 2. The means and standard deviations (SD) for Group 0,
1, 2 and 3 were 108±13, 149±16, 157±15 and 160±20 mmHg,
respectively. Rats in both the multiple incision (Group1) and
simplified incision (Group 2 and 3) had significantly increased
blood pressure compared to the normal rats in Group 0
(p<0.001 for all the other groups compared with Group 0,
T-test). The mean blood pressures of the rats in the simplified
incision groups were slightly higher than those of rats in group
1, but this difference did not achieve statistical significance
(p=0.264 for comparisons between Group 2 and Group 1,
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p=0.191 for comparisons between Group 3 and Group 1,
T-test).
No aneurysms formed in the rats in Group 0. The aneurysmal
morphological changes that occurred in Groups 1, 2, and 3
are shown in Table II. The majority of branching site lesions
were located at the left ACA-OA bifurcation area. Even for
those that formed at the left internal cerebral artery and
middle cerebral artery (ICA-MCA) bifurcation, no high stage
aneurysms were found. There was no statistically significant
difference with regard to the incidence of Stage 2 and 3
branching site lesions between Groups 1 and 2, respectively
(36% vs. 43%, 18% vs. 21%). Amongst the rats in groups 2
and 3, only the Stage 3 aneurysm significantly increased in
Group 3 (61% vs. 21%, p=0.031, Chi-square test). The rats in

group 3 also had significantly more Stage 3 aneurysms than
the rats in Group 1 (61% vs. 18%, p=0.01, Chi-square test).
The general size of the Stage 3 aneurysms in Group 3 were
larger than those of Group 2 (Figure 3 a, b), the mean and
SD of the height of Stage 3 aneurysms in Group 3 and 2 were
93±20 and 34±12μm, respectively (p=0.001, T-test). Although
no significant difference was observed amongst the nonbranching site lesions, the dilation of proximal segment (P1) of
right posterior cerebral artery was more frequently found than
the tortuosity of communicating branches of proximal anterior
cerebral artery (A1). Fusiform aneurysms formed at both of
these locations (Figure 3 c, d).
Histological analysis showed a large bifurcation site aneurysm
(Figure 4A-C). Special staining also confirmed discontinuing

Table I: Surgical Characteristics Between Multiple Incisions and Simplified Midline Incision

Group 1 (n=15)

Group 2 (n=11)

4
( midabdominal, bilateral flank and neck)

2
(dorsal midline and neck)

Surgical duration time a (minute, mean±SD)

55.9±3.21

38.8±3.58

Need for anesthesia redose (number of surgery)

11 (73%)

3 (27%)

c

Peri-surgical mortality (number of rats)

5 (33%)

1 (9%)

Post surgical wound infection (number of rats)

2 (13%)

1 (9%)

Number of total incisions

b

Significant difference, p<0.001, T-test. Data was only collected from 10 survived rats in each group.
Significant difference, p=0.02, Chi-Square test.
c
Peri-surgical mortality were defined as death during or with 12 hours after surgery.
a

b

A

B

C

D

E

F

Figure 1: a) Location of skin incision (middle thick solid line) and underneath the muscle layer incisions (bilateral thin solid lines).
Discontinued lines indicate costal margin. b) Dissection of the subcutaneous fascia. c) Kidney was gently exposed. d) Posterior
renal artery was ligated under microscope. e, f) Ovary was removed through the same incision. Bar=1cm.
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of the internal elastic lamina and loss of the vascular smooth
muscle layer in the saccular aneurysm wall; these findings
have also been observed in human aneurysms (4).
█

Discussion

In this article, we introduced a modified surgical technique to
build the traditional female rat model of CA. The traditional
female rat model of CA (7,8) consists of a two-stage
procedure in which an oophorectomy is performed 1 month
after the ligation of renal and carotid arteries. Our modified
technique allows all procedures to be performed in a single
(one-stage) operation, consequently reducing the surgical
stress placed on the experimental animals. Additionally, the
rats were exposed to estrogen deficiency for a longer time.
The protective effects of estrogen against aneurysms may
occur by different mechanisms. For example, estrogen could
enhance expression of endothelial nitric oxide synthase
(17), which plays protective role for endothelial damage of
aneurysm formation (16). Also, estrogen has been shown to
exert antioxidant activity via the stimulation of antioxidant
enzymes (13). These effects may suppress the inflammation
process in the arterial wall.

Figure 2: The systolic blood pressure stratified by groups. Data
are expressed as means with standard deviation. * p<0.05 when
groups 1, 2 and 3 were compared with group 0. No significant
difference was found in other compares between the groups (T
test).

Table II: Morphological Changes Between the Groups

Group 1 (n=10)

Group 2 (n=10)

Group 3 (n=10)

Total number of lesions

11

14

13

Rats without any lesions

2

1

0

9 (82%)
2 (18%)

11 (79%)
3 (21%)

10 (77%)
3 (23%)

3 / 2 (46%)
4 / 0 (36%)
2 / 0 (18%)

3 / 2 (36%)
5 / 1 (43%)
3 / 0 (21%)

0 / 1 (8%)
2 / 2 (31%)
8 / 0 (61%)

Total number of lesions

9

10

12

Rats without any lesions

1

1

1

Locations
A1-communicating
Right P1

1 (11%)
8 (89%)

2 (20%)
8 (80%)

3 (25%)
9 (75%)

Classification
Dilatation
Tortuosity
Fusiform

5 (56%)
3 (33%)
1 (11%)

6 (60%)
3 (30%)
1 (10%)

8 (67%)
3 (25%)
1 (8%)

Branching site

Locations
Left ACA-OA area a
Left ICA-MCA bifurcation
Staging (ACA-OA/ICA-MCA)
Stage1
Stage2
Stage3 b
Non-branching site lesions

ACA: anterior cerebral artery, OA: olfactory artery, ICA: internal carotid artery, MCA: middle cerebral artery, A1: proximal segment of anterior
cerebral artery, P1: proximal segment of posterior cerebral artery.
a
Lesions at the A1 fenestration were included in this area for analysis.
b
There are significant difference in this staging distributions between Groups 2 and 3 (p=0.031, Chi-square test) and Groups 1 and 3 (p=0.01,
Chi-square test).
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A

B

C

A

Figure 3: Representative
scanning electron
microscope images
of cerebral vascular
corrosion casts. a) Stage
3 aneurysm formation in a
rat from group 2; b) Stage
3 aneurysm in a rat from
group 3;
c) Dilatation and fusiform
change of left posterior
cerebral artery (white
arrows); d) Tortuosity and
fusiform changes of A1
communicating artery.

D

B

C

Figure 4: Histology of induced aneurysmal walls. a) Hematoxylin-Eosin stain showed abnormal protrusion with derangement wall
structure at artery bifurcation. b) Elastica van Gieson stain showed discontinue of internal elastic lamina. c) Fluorescence stains showed
absence of vascular smooth muscle cell at aneurysm wall, and DAPI showed cell nuclei. Bar=50μm.

66 | Turk Neurosurg 26(1):62-68, 2016

Wu C. et al: Experimental Cerebral Aneurysm Model

Our modified model also reduced the number of incisions
required to complete all procedures as compared with the
previously reported one stage method (3). In this study, we
repeated the other one stage method which requires 4 incisions
to complete, and compared the surgical characteristics with
our model. Only 2 skin incisions were needed to perform all
procedures in our method; this reduced the average operative
time by 17 minutes. This time reduction decreased the need
for anesthesia redose, as for anesthesia by intraperitoneal
injection of ketamine (80 mg/kg) and xylazine (8 mg/kg),
usually it could last for 30 to 40 minutes. Redose for rats
during same surgery was risky. In our experiment, 3 rats died
of redoes in Group 1, and 1 rat died of redose in Group 2.
Hence the reduced mortality rate may also be related to the
reduced operative time.
The technique used may also impact the incidence of postoperative wound infection. Rats have strong resistance
against infection if the proper aseptic technique is applied
during surgery. However rats can tear suture off by themselves
or from each other after surgery. The risk of infection may
be increased if the incisions are located bilaterally or on an
easily reachable location such as the abdomen. In this study,
compared to rats in Group 1, the infection rate was slightly
reduced in the rats in Group 2. This may be due to the modified
incision technique in which the incisions are placed in difficult
to reach areas such as on the middle back and the neck
regions. Overall, the simplified incision technique reduced the
surgical stress placed on experimental rats.
The aneurysm morphology characteristics were also compared
amongst the different groups. Although the simplified incision
groups seem to have more advanced stage (stage 2 and 3)
branching site aneurysms compared to the multiple incisions
group, no statistically significant difference was found. With
regard to comparison of blood pressure, there was a slight
increase in blood pressure in the simplified incision group,
but no statistically significant difference was observed.
We postulate that the middle abdominal and bilateral flank
incisions may cause more insults to the digestive system of
the rat, which may compromise the high salt water intake and
influence the increase in blood pressure. This may explain
the slight drop in blood pressure and lower rate of advanced
stage aneurysms in the multiple incision group.
Moreover, the incidence of Stage 3 saccular aneurysms
increased significantly after the duration for CA formation was
extended to 6 months in Group 3 rats. This indicates that CA
formation progresses when continuously exposed to high
hemodynamic stress. Similar results have been reported in
humans; nearly 50% of the unruptured CA shows growth in 3
years (12). It also raises concerns about the proper management
of unruptured CA, as the enlargement of aneurysm size is
associated with a higher risk of rupture. Inspiringly, through
the aneurysm rat model, several medications to suppress or
reverse the progress of CA have been tested (1,15,19).
Our findings also suggest that proper prolongation of the
duration of aneurysm formation could induce development of
a giant CA for certain research purposes. Recently, some other

rodent models with use of elastase have been developed to
induce large CA in a few weeks (11,14). But a shorter incubation
time also means a stronger insult of the pathophysiological
process of aneurysm formation, which may fail to recapitulate
some of the key processes in the human aneurysm
progression. Additionally, elastase may influence the effects of
experimental interventions. For example, a possible inhibitory
effect of a medication may be masked by the strong effect of
elastase between the experimental and control groups. So,
the ligation model should still be considered for investigations
which require large aneurysm formation, even though a longer
incubation time may be needed.
For the non-branching site lesions, we found that dilation of
right posterior cerebral artery was commonly observed, as it
was the main collateral pathway after ligation of right common
carotid artery. On the other hand, there is no obvious anterior
communication artery in rats (10), so the non-branching lesions
in that area were relatively rare, but a fusiform aneurysm
could be formed if there are small communicating perforating
arteries. These findings indicate that hemodynamic stress
caused by increasing collateral flow on the whole artery could
induce a fusiform aneurysm. However, there may be other
factors that influence the susceptibility and progression of
fusiform aneurysms, as the aneurysm formation rates amongst
the rats in the 6 months group did not vary significantly from
rats in the 3 months group.
█

Conclusion

Single operation through simplified incisions resulted in
a successful experimental female rat model of cerebral
aneurysms. These aneurysms had the same morphological
and histological characteristic as human aneurysms.
Reducing the number of incisions not only saved time, but
also minimized the surgical stress placed on the experimental
animal. Saccular aneurysms at the branching site progressed
when the duration for aneurysm formation was prolonged,
and this finding could be applied when induction of large
aneurysms is needed for certain research purpose. Fusiform
aneurysms at the non-branching site may have an additional
etiology other than hemodynamic reasons; this should be
further investigated.
█
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