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Site-Specific Thromboembolism: A Novel Animal
Model for Stroke

Andrew J. Ringer, Lee R. Guterman, and L. Nelson Hopkins

BACKGROUND AND PURPOSE: To develop a technique for site-specific placement of a
thrombus of predetermined volume in an animal model for the purpose of evaluating methods
of intravascular thrombolysis and clot retrieval.

METHODS: Six swine were subjected to thrombus injection bilaterally in the ascending
pharyngeal artery (APA). Each animal underwent transfemoral angiography while under
general anesthesia. A nondetachable balloon catheter and a 3-French microcatheter were then
advanced into the common carotid artery through a 7-French guide catheter. With the micro-
catheter in the proximal APA and the balloon inflated proximally, a bolus of preformed
thrombus composed of 0.9 mL of autologous blood and 0.1 mL of bovine thrombin (200 IU/mL)
was injected through the microcatheter while local flow arrest was maintained for 15 min. The
balloon was deflated and removed. The occluded arteries were observed by serial angiography
for 3 hr and then resected for gross examination and hematoxylin and eosin staining.

RESULTS: Each APA was occluded angiographically and did not recanalize during the 3-hr
observation period. Persistent, proximal progression of thrombus to the superior thyroid artery
origin occurred in three animals. Gross inspection revealed that the resected arteries contained
thrombus in the proximal APA but not in the common carotid artery. Histologic examination
revealed organized thrombus, without evidence of intimal injury.

CONCLUSION: Our model provides a simple, reliable method for site-specific injection of a
thrombus of predetermined volume. Site-specific placement is important for evaluation of the
efficacy of thrombolytic agents and techniques. Angiographic evidence of brain revasculariza-
tion can be used to grade revascularization and clot volume. The ability to specifically localize
and estimate clot volume makes our model well suited for the evaluation and comparison of
thrombolytic agents and endovascular techniques.

Removal of vascular occlusive thrombus is an effec-
tive method for the treatment of cerebral ischemia.
Thrombolysis with IV administered tissue plasmino-
gen activator (tPA) is currently the only proved ther-
apy for acute stroke (1). Many authors have proposed
that site-specific therapy may result in higher rates of
recanalization yet lower rates of systemic complica-
tions (2–6). To this end, it becomes necessary to
develop a model of site-specific thromboembolism as
a means of testing emerging techniques for endovas-

cular therapy. Any such model must be developed in
a system large enough to accommodate endovascular
devices and must allow for targeted vessel occlusion
to permit grading of the response to treatment. We
have developed an animal model of thromboembo-
lism in which thrombus is preformed and then intro-
duced in a site-directed manner. This model yields
highly reproducible results.

Methods

Animal Care
All procedures were conducted according to the ethical

guidelines of the State University of New York at Buffalo
Animal Care and Use Committee. Six swine (each weighing
between 25 and 30 kg) were used in our study. Animals were
housed in the University at Buffalo Laboratory Animal Facility
and given free access to food and water until the night before
angiography and surgery, when food was withheld. The animals
received Telazol (Parke-Davis, Morris Plains, NJ) for sedation.
After endotracheal intubation, general anesthesia was induced
with Telazol and was maintained with 1.5% to 2% isoflurane
throughout all procedures. After arterial perfusion and fixa-

Received May 8, 2003; accepted after revision July 29.
From the Department of Neurosurgery and Toshiba Stroke Re-

search Center, School of Medicine and Biomedical Sciences, Uni-
versity at Buffalo, State University at New York, Buffalo, NY
(A.J.R., L.R.G., L.N.H.) and Mayfield Clinic, The Neuroscience
Institute, Departments of Neurosurgery and Radiology, University
of Cincinnati, Cincinnati, OH (A.J.R.).

Address reprint requests to Andrew J. Ringer, MD, Mayfield
Clinic, The Neuroscience Institute, Departments of Neurosurgery
and Radiology, University of Cincinnati, ML 0515, 231 Albert
Sabin Way, Cincinnati, OH 45267.

© American Society of Neuroradiology

AJNR Am J Neuroradiol 25:329–332, February 2004

329



tion, the animals were euthanized with an overdose of pento-
barbital (100 mg/kg) before tissue removal.

Angiography
Each animal underwent transfemoral angiography while un-

der general anesthesia. A 9-French femoral artery sheath was
placed percutaneously after induction of anesthesia. The
sheath was continuously flushed with heparinized normal saline
(1 U/mL). A 7-French guide catheter was advanced over a
guidewire into the common carotid artery. Digital subtraction
angiography of the cervical carotid vasculature was performed
in anteroposterior, lateral, and contralateral oblique positions
to visualize the origin of the ascending pharyngeal artery
(APA). The diameter of the APA was measured after calibrat-
ing to a washer placed on the neck of the swine. From the
oblique position, a roadmap was prepared to guide microcath-
eter and balloon catheter placement.

Follow-up angiography was performed through the same
guide catheter 15 min and 1, 2, and 3 hr after clot placement.
Additional angiography of the contralateral common carotid
artery permitted assessment of distal extension of the clot via
retrograde filling of the distal APA through cerebral anasto-
moses.

Clot Preparation
Thrombus was prepared for infusion by mixing a predeter-

mined volume of autologous blood with bovine thrombin (200
IU/mL) in a blood-to-thrombin ratio of 9:1. The volume of clot
required to occlude a 1-cm segment of the APA was deter-
mined by calculating the cross-sectional area of the artery and
the volume of 1 cm of that artery. That volume was doubled to
allow for serum separation during extracorporeal clot forma-
tion. The volume of dead space within the microcatheter to be
used for clot infusion was added to that calculation to deter-
mine the final volume of the blood and thrombin mixture
required for infusion.

After calculating the required volume of blood and throm-
bin, autologous blood was drawn from the femoral artery
sheath into a plastic syringe previously filled with the required
volume of thrombin. The syringe was left standing for 15 min to
permit clot formation before injection.

Clot Injection
During extracorporeal clot formation, a 0.85-inch nonde-

tachable silicone balloon (NDSB) catheter (Target Therapeu-
tics, Fremont, CA) and a 3-French microcatheter (Rapid Tran-
sit; Cordis, Miami Lakes, FL) were advanced side-by-side
through the guide catheter into the common carotid artery.
Under roadmap guidance, the microcatheter was advanced
over a 0.014-inch guidewire (Transcend, Cordis) into the APA,
just distal to the origin of the superior thyroid artery. The
NDSB was then positioned within the common carotid artery,
over the origin of the APA (Fig 1).

After inflation of the NDSB, angiography performed
through the guide catheter confirmed occlusion of the carotid
artery at the level of the APA origin. The preformed clot was
then injected through the microcatheter, which was subse-
quently removed without deflating the NDSB. After 15 min of
occlusion, the NDSB was deflated and removed and persistent
occlusion of the APA was documented angiographically. Serial
follow-up angiograms were obtained, as described above. Dur-
ing each session of angiography, the presence or absence of
distal flow and the presence or absence of filling of the superior
thyroid artery proximal to clot placement were recorded.

Tissue Removal and Preparation
The guide catheter used for follow-up angiography was po-

sitioned proximal to the thrombosed lesion. The common ca-
rotid artery was perfused with a fixative solution (10% formalin
with 25% glutaraldehyde) for 15 min. An incision was made at
the midcervical region, and a segment of the common carotid
artery that included the proximal APA was resected. The re-
sected specimen was stored in formalin and then cut for he-
matoxylin and eosin staining and for gross examination.

Results

Angiographic Results
The radius of the APA in each animal was approx-

imately 2 mm, with a typical cross-sectional area of
0.125 cm2. Thus, an estimated prepared volume of
0.25 mL would be necessary to allow for serum sep-

FIG 1. Nondetachable silicone balloon
catheter is positioned within the common
carotid artery, over the origin of the APA.

Left, Balloon catheter (arrow) and micro-
catheter (arrowhead) positioning for clot in-
jection seen on anteroposterior projection.
The catheters are advanced side-by-side to
the level of the origin of the APA. (The APA
is the anatomic correlate of the internal ca-
rotid artery in humans.)

Right, Microcatheter (arrowhead) is then
advanced into proximal APA, just distal to
origin of superior thyroid artery. The balloon
(arrow) is then inflated within the carotid
artery to occlude the origin of the APA.
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aration and to form a 1-cm-long occlusion. Angiog-
raphy performed immediately after clot injection con-
firmed occlusion of the APA in all 12 injected
arteries. Angiography performed during the observa-
tion period confirmed persistence of APA occlusion
in each case (Fig 2). In five arteries, the clot initially
placed distal to the origin of the superior thyroid
artery progressed proximally to occlude the superior
thyroid artery at 1 hr. Recanalization to the origin of
the superior thyroid artery was observed in three of
the arteries, whereas in the other two, the superior
thyroid artery remained occluded at 3 hr. The APA
remained occluded at 3 hr in every case.

Pathologic Results
Hematoxylin and eosin staining confirmed the

presence of solid, organized thrombus in each speci-
men (Fig 3). The endothelium was intact in each
specimen, without evidence of intimal dissection, in-
tramural thrombus, or vessel rupture.

Gross evaluation of the intraluminal clot revealed
solid, thrombin-rich thrombus. The clot filled the ves-

sel lumen entirely. No evidence of recanalization was
observed.

Discussion

Acute thrombolytic therapy for stroke is a rapidly
developing field. Evidence of clinical benefit associ-
ated with IV administered thrombolytic therapy (1)
has prompted the investigation of several other tech-
niques for acute revascularization, including local in-
fusion of thrombolytic agents, performance of angio-
plasty, and use of clot retrieval devices (2, 3, 7, 8).
Endovascular revascularization may offer an effective
method for local therapy to improve the efficacy of
clot lysis while reducing systemic exposure to throm-
bolytic agents (5, 6). Before any new therapies or
devices can be introduced for clinical use, their safety
and potential efficacy must be evaluated in the labo-
ratory setting.

Appropriate evaluation of a clot retrieval device or
new thrombolytic therapy necessitates a reliable
model for thromboembolism in an appropriate vas-
cular distribution. The ideal characteristics of such a
model include reliable, site-directed deposition of
thrombus of a consistent size and a vascular system
that reproduces human hemodynamics, permits an-
giographic and histologic evaluation, and has suffi-
ciently sized channels for endovascular navigation.
Several animal models that use autologous blood for
thrombus formation result in consistent, reliable vas-
cular occlusion (9–13). These models typically re-
quire exposure of autologous blood to bovine throm-
bin, either through direct mixing or by drawing blood
through tubing primed with thrombin. These tech-
niques reliably produce thrombin-rich blood clots for
injection into the target vascular bed. These models,
however, use small mammals with vessels that are not
conducive to endovascular device navigation. Models
described for use in larger animals involve the injec-
tion of autologous clot without precise localization of
the embolus (14–16). Although this type of model
may be useful for evaluation of systemic drug admin-
istration, it does not permit reliable evaluation of
therapies for local revascularization by using standard
grading of revascularization.

Our model uses a vascular system that permits the
introduction of catheters and devices intended for
human use. The average diameter of the APA in the

FIG 2. Follow-up digital subtraction an-
terolateral projection angiograms obtained
after clot injection.

Left, APA is occluded just distal to origin
of superior thyroid artery (arrow).

Center, One hour later, clot has pro-
gressed proximally to occlude superior thy-
roid artery.

Right, Later follow-up image obtained 2 hr
after clot insertion shows that STA has re-
canalized (arrow) but APA remains occluded
at clot insertion site.

FIG 3. Cross section of ascending pharyngeal artery obtained
3 hr after clot injection seen at �15 magnification. Hematoxylin
and eosin staining reveals an intact endothelium, with no evi-
dence of vessel wall disruption or subintimal hemorrhage. Solid
thrombus fills the vessel lumen.
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swine used for our study was comparable with that of
the human middle cerebral artery, which is a common
location for thrombolytic therapy. Therefore, the ves-
sel diameter in our model is appropriate for the in-
vestigation of interventional devices. This model can
also be used in similar-sized animals for interven-
tional investigation.

Precise localization of the thrombus may be as
important as accessibility with interventional devices.
Depositing the thrombus in a predetermined location
permits accurate measurement for clot burden reduc-
tion and grading of revascularization. Before devel-
oping our current model, we discovered two key ele-
ments that permit precise clot placement. The first is
proximal flow reduction. When thrombus infusion
was performed under normal flow conditions, even
through large catheters, random distal embolization
and frequent fragmentation of thrombus occurred.
The result was the inability to precisely identify the
location of the thrombus for directed treatment. Our
first attempt to eliminate distal embolization revealed
the second key element, avoidance of clot disturbance
immediately after placement. We began by using dis-
tal vascular balloon occlusion during clot injection.
Although this technique afforded control of the des-
tination of the clot, attempts to withdraw the balloon
after deflation resulted in fragmentation and distal
embolization of the thrombus. Similarly, proximal oc-
clusion during common carotid artery clot injection
failed because of the high backflow from external
carotid branches. Ultimately, we found success with
proximal occlusion in the lower flow system of
the APA.

Conclusion
Ascending pharyngeal artery occlusion under prox-

imal flow arrest in the swine is a highly reproducible
model for site-specific thromboembolism in a vascu-
lar system that is well suited for the introduction of
interventional devices. The use of autologous blood
maintains coagulation physiology and vascular re-
sponse. The anatomy of the cerebral circulation in the
swine permits some estimation of clot burden. We
think that this model will be very useful in testing new
devices designed for interventional therapy of stroke.
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