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[Abstract] Chronic cerebral hypoperfusion (CCH) is an important risk factor of vascular dementia (VaD)
and Alzheimer’s disease (AD). Hypoxia/ischemia in the whole brain induced by CCH causes serious
damage to brain structure and function, which can lead to cognitive impairment. Two-vessel occlusion
(2-VO), also known as permanent, bilateral common carotid artery occlusion, is one of the most widely
used animal models (e.g., rat) of CCH to investigate the mechanisms of neurodegenerative processes.
In this protocol, we present the surgical procedure for 2-VO in rats.
Keywords: Chronic cerebral hypoperfusion, Vascular dementia, Alzheimer’s disease, Two-vessel
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[Background] Many neurological and psychiatric illnesses are caused by disorders of the cerebral
circulation. A sudden interruption of the blood supply to distinct brain regions can lead to stroke, while a
gradual reduction of continuous cerebral blood flow (CBF) impairs memory processes and contributes
to the development of dementia (Farkas and Luiten, 2001; Matsuda, 2001; de la Torre, 2002). In the 2VO rat model, there is a dramatic decrease in CBF to the brain during the acute ischemic phase (2-3
days post-operation) and the cortical and white matter areas have the largest decrease in blood flow,
reaching 35%-45% of the control level (Otori et al., 2003). In the chronic ischemic phase (1-3 months
post-operation), the CBF values begin to gradually recover at 1 week, but are still significantly lower
than the control values 4 weeks after 2-VO induction (Schmidt-Kastner et al., 2001; Otori et al., 2003;
Tomimoto et al., 2003). After 8 weeks to 3 months of 2-VO, only a slight reduction or virtually no reduction
of flow has been reported (Otori et al., 2003). Finally, after 6 months of 2-VO, the CBF almost returns
completely to normal (Choy et al., 2006), because other arterial sources of blood provide compensatory
blood flow (via the circle of Willis, Figure 1) to areas that typically are supplied by the common carotid
(Farkas et al., 2007). The 2-VO model exhibits characteristic features of human CCH condition, such as
cerebral blood flow and metabolic changes (Ohta et al., 1997; Otori et al., 2003), learning and memory
disturbances (Farkas and Luiten, 2001; Farkas et al., 2004b; Liu et al., 2005) and the neuropathologic
changes (Kreutzberg, 1996; Farkas et al., 2004b; Panickar and Norenberg, 2005; Ohtaki et al., 2006;
Eisel et al., 2006). Additionally, this model has been used to study cerebrovascular WM lesions (Wakita
et al., 2002; Takizawa et al., 2003; Farkas et al., 2004a).
In the traditional 2-VO experiment, silk suture is used to ligate the bilateral common carotid artery,
and an acute phase after the occlusion with dramatic CBF fall ensues. To improve the 2-VO model,
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researchers have tested some alternative methods. For example, a silicone collar cuff can be placed
around the common carotid artery in order to reproduce the inflammatory response caused by
atherosclerosis. However, this operation does not cause long-term memory impairment (de Bortoli et al.,
2005). A study in which the two common carotid arteries were occluded at intervals of 1 week found that
procedure leads to a progressive decrease in brain perfusion, and decreased mortality compared to
procedures that occlude both arteries at once (Sarti et al., 2002a and 2002b). But an undesirable feature
of these protocols is that the rats must undergo anesthesia twice a week, which can be stressful to the
animal. Kitaguchia et al. (2009) use a 30 min delay between carotid arteries in the murine BCAS model
to decrease mortality. Other research groups use ameroid constrictors in place of the silk suture. The
ameroid constrictors consist of a titanium shell surrounding the hygroscopic casein material with the
internal lumen. The casein component gradually absorbs water and thus expands, resulting in narrowing
and occlusion of its encased arterial lumen. So the reduction of the CBF could be mild without a sharp
drop (Hattori et al., 2015). Here, we described a protocol in detail for performing 2-VO in rat.

Figure 1. Schematic diagram of the circle of Willis in human (A) and rat (B). ACA (anterior
cerebral artery); ACOA (anterior communicating artery); AICA (anterior inferior cerebellar artery);
ASA (anterior spinal artery); BA (basilar artery); ICA (internal carotid artery); MCA (middle cerebral
artery); PCA (posterior cerebral artery); PCOA (posterior communicating artery); SCA (superior
cerebellar artery); VA (vertebral artery). This figure is adapted from Eszter Farkas et al. (2001).

Materials and Reagents

1. Cotton balls (Beijing Sunny Medical Technology Development, catalog number: YG-048)
2. Cotton swabs (Beijing Sunny Medical Technology Development, catalog number: YG-053)
3. Silk suture (3/0) (Shanghai Pudong Jinhuan Medical Supplies, 1#)
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4. Male adult Sprague Dawley (SD)/Wistar rats at 10-12 weeks of age (or based on experimental
needs to determine the age of rats) (Beijing Vital River Laboratory Animal Technology)
5. 75% ethanol (ANNJET, Q/371402AAJ008)
6. Iodine tincture (ANNJET, Q/371402AAJ001)
7. 10% chloral hydrate (300 mg/kg intraperitoneally, Sinopharm Chemical Reagent, catalog
number: 30037516)
8. 0.9% sodium chloride solution (Shijiazhuang No.4 Pharmaceutical, H13023201)
9. 10% chloral hydrate (see Recipes)

Equipment

1. Rat dissection board (BEIJING HELI KECHUANG TECHNOLOGY DEVELOPMENT, model:
HL/JPT-2)
2. Electronic balance (Shanghai Yoke Instrument, catalog number: YP10002)
3. Curved ophthalmic scissors (Shanghai Medical Instruments, catalog number: Y00020) (Figure
2D)
4. Medical suture needle (HANGZHOU HUAWEI MEDICAL APPLIANCE, catalog number: P1531)
(www.hzhwyl.com.cn)
5. Operating scissors (Shanghai Medical Instruments, catalog number: J21010) (Figure 2B)
6. Straight ophthalmic scissors (Shanghai Medical Instruments, catalog number: Y00030) (Figure
2C)
7. Hemostatic forceps (Shanghai Medical Instruments, catalog number: J31050) (Figure 2E)
8. Ophthalmic forceps (Shanghai Medical Instruments, catalog number: JD1020) (Figure 2F)
9. Tissue holding forceps (Shanghai Medical Instruments, catalog number: JD2010) (Figure 2G)
10. Needle holder (Shanghai Medical Instruments, catalog number: J32020) (Figure 2A)
11. Sterilizing trays (Shanghai Medical Instruments, catalog number: R0B030)
12. Syringe with needle (Shanghai Zhiyu Medical Equipment, 2 ml)
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Figure 2. Surgery tools. Needle holder (A), Operating scissors (B), Straight ophthalmic
scissors (C), Curved ophthalmic scissors (D), Hemostatic forceps (E), Ophthalmic forceps (F),
Tissue holding forceps (G).

Procedure

Ethical statement: Adult male Sprague-Dawley (SD)/Wistar rats (10-12 weeks) were used in this
protocol. All procedures involving animals follow the local animal ethics protocols and standards.
1. Fast the rats for 12 h before the experiment.
2. Anesthetize rats with chloral hydrate (300 mg/kg) by intraperitoneal injection using a 2 ml syringe
with a needle.
Note: Slightly press the paw of the rat, it indicates the rat is in deep anesthesia if there are no
reflex actions of hind limb.
3. Fix the rat on its back on a dissection board. Shave the fur of the ventral neck using curved
ophthalmic scissors. Sterilize the shaved skin first with iodine tincture and then with 75% ethanol
using cotton swabs (repeat three times) (Figure 3).
Note: In order to minimize the risk of infections, thoroughly sterilize the dissection board with
75% alcohol before the surgery.
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Figure 3. Rat fixed on a dissection board before the 2-VO surgery

4. Use operating scissors to make a midventral cervical incision in the middle of the neck in the
upper edge of the sternum (about 1-1.5 cm long). Gently remove the submandibular gland using
the ophthalmic forceps. This will expose the sternocleidomastoid muscle and sternohyoid
muscle (Figure 4).

Figure 4. Image of the exposed sternocleidomastoid muscle (indicated by the thin arrow)
and sternohyoid muscle (indicated by the thick arrow). Cut the skin, remove the tissues,
and expose the sternocleidomastoid muscle and sternohyoid muscle.
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5. Carefully separate the common carotid arteries from the adhering tissues using ophthalmic
forceps. Be careful and avoid causing any damage to the vagus nerve (Figures 5 and 6, Video
1).
Note: Gently pull apart the sternocleidomastoid muscle deep in the sternohyoid muscle (until
the sternohyoid muscle appears), there will be the common carotid arteria wrapped by fibrous
connective tissue, which contains the vagus nerve in its sheath and pulses regularly.

Figure 5. Isolation of the common carotid artery

Figure 6. Schematic diagram of the Bilateral carotid artery. The arrows indicate the common
carotid artery. This figure is adapted from Eszter Farkas et al. (2001).
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Video 1. Isolation of the common carotid artery

6. The bilateral common carotid arteries are doubly ligated with 4-0 silk suture, the two sutures are
next to each other, then the surgical wounds are sutured back with silk suture. Return the rat
back to its cage until it fully recovers from anesthesia (Figure 7, Video 2).
Notes:
a.

The silk suture won’t be absorbed over time. They remain in place until it is executed.

b.

After surgery, feed the rat with an appropriate amount of penicillin to prevent infection. The
rat is kept warm on the heating pad (37.0 ± 0.5 °C) throughout the surgery until the rat is
completely awake.

Figure 7. The common carotid artery ligation and wound closure. The blue arrow indicates
the common carotid artery; the black arrow indicates the vagus nerve.
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Video 2. Ligation of the common carotid artery

Data analysis

Cerebral blood flow was tested by ASL in our experiment. Cerebral Blood flow reduced a lot 2-3
days after the 2-VO surgery, reaching 30%-45% of the control level. Two weeks after the surgery,
the CBF recovers to 55-65% of the control, and it can reach up to 70%-80% of the control level four
weeks after 2-VO surgery.

Notes

1. All instruments directly in contact with the wound must be sterilized using the dry sterilizer.
2. Keep the rat warm after surgery.
3. Do not damage the trachea and vagus nerve during surgery. The trachea is just below the
sternal hyoid muscle, and the vagus nerve is accompanied with the common carotid artery in
the carotid sheath.
4. Make sure that the anesthesia is successful because repeated anesthesia can lead to increased
rat mortality.
5. Carry out the operation as quickly as possible. It is better to finish the whole procedure in 15-20
min (not more than 30 min at most). The rat will wake up about half an hour after surgery.
Drooping eyelid and small fission indicate a successful operation. After the rate is fully awake,
it is fed a normal diet.

Recipes

1. 10% chloral hydrate
100 mg/ml chloral hydrate dissolved in 0.9% sodium chloride solution
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