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Abstract OBJECTIVE: To evaluate the feasibility of non-sticky thermosensitive liquid 
embolic material chitosan/β-glycerophosphate sodium (C/GP) and fibroblast 
embolization in rete mirabile (REM) for preparing the model of cerebral arte-
riovenous malformation (cAVM); to study the method of microcatheter injec-
tion of C/GP-gel system; and to observe the embolization effect and histological 
changes of REM. 
METHODS: A total of 26 domestic pigs were grouped and prepared designed 
models, followed by different treatment methods using C/GP. C/GP emboliza-
tion of the REM were performed. The brain samples were obtained after week 6’s 
angiography and finally, subjected to H&E staining for histological examination.
RESULTS: In 26 pig models, 25 pigs were successfully modeled, and 1 pig had 
convulsions and died during the modeling process. After embolization, angiog-
raphy showed that the embolized REM was no longer developed while there was 
no adhesion between the tip of the microcatheter and the embolization agent. No 
recanalization was found in week 2 and week 6’s angiography. Histological exami-
nation: the hydrogel was uniformly dispersed in REM, and REM was completely 
embolized. The texture was hard. REM was filled by gel and fibroblasts, the intima 
of the wall was clearly visible, and the smooth muscle layer was intact. No exfolia-
tion and necrosis of the vessel wall were observed, and no inflammatory reaction 
was observed around the blood vessel.
CONCLUSIONS: Our study provided sufficient evidence to suggest that C/GP 
may be a novel liquid embolic material for the endovascular treatment of cAVM. 
C/GP and fibroblasts can be used in the embolization of cAVM and may have 
broad application as an ideal embolization material for the treatment of cAVM. 
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Abbreviations:
AA  -  arteriaanastomotica 
ANOVA - analysis of variance
AP - ascending pharyngeal artery 
cAVM - cerebral arteriovenous malformation 
CCA - common carotid artery
C/GP - chitosan/β-glycerophosphate sodium 
CVA - coronary venous angiography 
DSA - digital subtraction angiographic
DMEM - Dulbecco's modified Eagle medium 
H&E - hematoxylin and eosin
IJV - internal jugular vein
NBCA - n-Butyl cyanide propionate
REM - rete mirabile
RA - ramusanastomoticus 
US FDA - US Food and Drug Administration

INTRODUCTION
Cerebral arteriovenous malformation (cAVM) is the 
primary cause of intracranial hemorrhage and epilepsy 
in young and middle-aged people and poses a serious 
threat to people's quality of life and longevity (Chen 
et al. 2020 ). cAVMs may be treated via microsurgery, 
radiosurgery, endovascular surgery or a combination 
of  these modalities (Lopes et al. 2016), with endovas-
cular embolization becoming an increasingly popular 
strategy for treating cAVM due to its minimally inva-
sive nature. Hypertension, SM grade, cAVM size, 
malformed vessel location, venous drainage and the 
choice of embolization material are all linked to thera-
peutic effect (Chen et al. 2017). The ideal cAVM emboli-
zation material should meet some or all of the following 
criteria (Massoud et al. 2000; Murayama et al. 1998) 1) 
the material should be liquid and easy to control with 
good dispersion properties; 2) users should ensure 
sufficient injection time; 3) the embolization effect 
should be permanent and 3) non-toxic. In recent years, 
non-stick fluid embolic materials have become an ideal 

embolic material and have been extensively evaluated 
in endovascular treatment applications (Jabbour et al. 
2009).

Given these criteria, this study used chitosan/β-
glycerophosphate sodium (C/GP) as the basic material 
(Wang et al. 2011), which is liquid at room temperature, 
forms a hydrogel at a temperature of 37.0 °C (body 
temperature), and has a PH value within the human 
physiological range (Ning et al. 2015). These two non-
stick thermosensitive materials are safe and non-toxic 
and can be applied in the embolization of cAVMs, but 
they experience a high degradation rate and they can 
easily recanalize after embolization (Salis et al. 2015). In 
order to effectively solve these problems, we used tissue 
engineering technology to introduce a "live cell" compo-
nent to these embolic materials, namely we prepared 
a  tissue-engineered embolic material, and introduced 
this aterial into the malformed vascular lumen of porcine 
subjects using a microcatheter technique allowing it 
to regenerate into an "autologous living tissue" with 
a predetermined mechanical strength, thereby perma-
nently occluding the deformed blood vessels.

This study presents preliminarily data supporting 
the application of C/GP and fibroblasts in the treatment 
of cAVMs using rete mirabile (REM) as a model. We 
evaluated the pathological changes in the REM tissue 
of these porcine models 6 weeks after embolization and 
provided sufficient evidence to suggest that this may 
be a novel liquid embolic material for the endovascular 
treatment of cAVM.

MATERIALS AND METHODS
Establishment of the fibroblast bank
Fibroblasts were obtained from pig skin via enzymatic 
digestion and the fibroblast bank was established 

Fig. 1. Modeling of cAVM. A: Group L was 
not performed common carotid artery 
angiography, so it can only be seen the 
pharyngeal ascending artery (white arrow) 
emits the REM (long black arrow), and the 
REM re-aggregates into the internal carotid 
artery (short black arrow) in the brain; B: 
The CVA angiography of the experimental 
group shows that the cAVM model of pig 
was successfully established. The blood 
supply artery is the pharyngeal ascending 
artery of one side (long black arrow), the 
deformed vascular group is the skull base 
microvascular network (short black arrow), 
and the drainage vein is the carotid artery 
and the internal jugular vein anastomosis 
(white arrow) after microscopic anastomosis. 
cAVM: cerebral arteriovenous malformation; 
REM: rete mirabile; CVA: coronary venous 
angiography. 
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using in vitro culture, passage, cryopreservation and 
resuscitation techniques. After trypsin digestion, the 
epidermis was removed and the dermis was transferred 
to a culture dish, this dish was then covered with 0.25% 
trypsin and the digestion was stopped by adding 2 mL 
of Dulbecco's modified Eagle medium (DMEM) after 
visible cytoplasm retractation which caused the cells 
to become round and the cell gap to increase.

Evaluating fibroblast-alginate gel complex compatibility 
The fibroblasts from the fibroblast bank were then 
resuscitated, cultured, trypsinized and diluted 
to  prepare various cell suspensions. These suspen-
sions were mixed with aqueous C/GP solution at room 
temperature and allowed to rapidly solidify at 37 °C 
to create the fibroblast-C/GP gel complexes. These 
complexes were translucent, colorless and solid.

These complexes were suspended and cultured 
in DMEM supplemented with 10% of newborn calf 
serum and the cytocompatibility of the fibroblast-C/
GP gels were determined by regularly evaluating the 
adhesion, migration, aggregation and proliferation 
of  the fibroblast-C/GP gel using light and scanning 
electron microscopy. The optimal growth conditions 
of these complexes were then determined, as well as the 
optimal ratio of cell/C/GP gel, allowing us to achieve 
a dynamic balance between C/GP degradation and cell 
growth.

Animal preparation
We selected domestic pigs as our animal model and 
used a total of 26 pigs for this study. These animals were 
both male and female, 25-30 kg in weight, 2-3 months 
old, light/dark cycle (12L:12D) and free access to food 
and water. After fasting for 12 hours before surgery, 
each pig was intramuscularly injected with 0.5 mg 
of atropine hydrochloride and 8 million units of peni-
cillin sodium 30 min before surgery, and then treated 
with an intramuscular injection of ketamine hydro-
chloride 5 mg/kg and Sumianxin II 0.3 ml/kg to induce 
anesthesia. After the pigs lost consciousness and their 
eyelash reflex disappeared they were treated with a l% 

ketamine hydrochloride solution via intravenous injec-
tion with the flow rate under constant observation 
to allow for changes in the operative environment. 
A single multi-channel physiological recorder was used 
to monitor certain vital signs, including blood pres-
sure, heart rate, and respiration during surgery. This 
study was carried out in strict accordance with the 
recommendations set out in the Guide for the Care and 
Use of Laboratory Animals from the National Institutes 
of Health. The animal use protocol was reviewed and 
approved by the Institutional Animal Care and Use 
Committee (IACUC) at Beihua University. 

cAVM modeling
REM was set in the deformed vascular group and the 
pigs were divided into low-flow group (L) and high-
flow group (H). In low-flow group (L), we employed 
the natural REM model, without microvascular anas-
tomosis (Figure 1A). In high-flow group (H), one 
pharyngeal ascending artery was used as the blood 
supply artery and used to microscopically match the 
distal end of the contralateral common carotid artery 
and the proximal end of the internal jugular vein via 
microsurgical techniques so as to change the direction 
of blood flow. Allowing for the angiography of one side 
of the common carotid artery to represent the whole 
blood flow pathway (from one side of the ascending 
pharyngeal artery (AP), to the REM, to the AP of the 
anastomotic side, to the common carotid artery (CCA), 
to the anastomosis, and finally to the internal jugular 
vein (IJV) (Figure 1B).

Preparation of C/GP
To prepare the 2% (w/v) chitosan and 56% (w/v) 
β-glycerophosphate sodium 0.1M diluted hydrochloric 
acid solutions: l mL of concentrated hydrochloric acid 
(38%), containing 0.012 mol hydrochloric acid was 
diluted to 120 mL using triple-distilled water (this 
solution should be newly prepared and ready-to-use 
in each new preparation); then 5 g of chitosan was 
dissolved in this 0.1M hydrochloric acid and stirred 
at room temperature to produce a 250 mL solution that 

Fig. 2. The fibroblasts cultured for 
21 days in the C/GP gel A: light 
microscopy (×100); B: electron 
microscopy (×5000). C/GP: 
chitosan/β-glycerophosphate 
sodium.
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was autoclaved at 121 °C for 20 min and stored at 4 °C 
for future use. Then 28 g of β-glycerophosphate sodium 
was used to  prepare a 56% (w/v) β-glycerophosphate 
solution in 50 mL of triple-distilled water. This was 
then filter sterilized and autoclaved at 121 °C for 
20 min and stored at 4 °C for future use.

Intraoperative procedure for C/GP embolization 
of the REM
The femoral artery below the depression between the 
femoral muscle and the pubis muscle was first punc-
tured using an indwelled 6F catheter sheath, with the 
Y and T valves connecting to the perfusion system. 
Heparin sodium 70U/KG was then pumped through 
the perfusion system and the 5F contrast catheter was 
selectively inserted into one side of the CCA in the L 
group or the CCA contralateral side in the H group. 
This was then followed by digital subtraction angio-
graphic (DSA) examination using an Ultravist 300 and 
a high pressure syringe (injection flow rate was 4 ml/s, 
and the dose as 7 ml) which was used to evaluate the 
basic condition of the AP, REM and other connected 
arteries. A 6F flat guide catheter was then used to reach 
the REM end proximal to the AP. One microcatheter 
was then selectively inserted into the REM using the 
pharyngeal artery and a guiding catheter. After the 
animals were treated with a bolus-injection of contrast 
agent and the DSA evaluations were complete the C/GP 
solution was injected through the microcatheter (injec-
tion flow rate as 0.2 ml - 0.5 ml/min, injection dose 
was 0.5-1.0 ml and injection time was 1.5-5 min). In 
order to observe the degree of embolization, we timed 
the onset of "smoking" (which revealed the emboliza-
tion and flow of the contrast agent) following injection 
and then the contrast agent was reintroduced and DSA 
examination was completed a second time. If the REM 

was not completely occluded, the embolic agent was 
continuously injected until the REM was confirmed 
to be completely embolized. After the embolization 
treatment was completed the microcatheter was slowly 
withdrawn and the angiographic examinations were 
performed at 2 and 6 weeks post-surgery, with these 
evaluations serving to demonstrate any recanalization 
of the blood vessels.

Treatment after embolization
The animals were killed using intravenous injec-
tion of a  lethal dose of pentobarbital after angiog-
raphy six weeks after embolization. The brain tissues, 
including the REM were then completely removed 
fixed in 10% formalin, exposed to routine dehydration 
and embedded in paraffin. These samples were then 
sectioned and subjected to H&E staining for histolog-
ical examination.

Statistical method
Group differences were considered statistically signifi-
cant at p < 0.05, as assessed by Student’s t-test, one-way 
analysis of variance (ANOVA) followed by Fisher’s least 
significant difference post hoc test using Origin 2017 
(OriginLab Corporation).

RESULTS
The fibroblasts cultured for 21 days in the C/GP gel 
(seeding density as 1.0×106 /ml) exhibited denser tissue 
structures (Figure 2A) and a more pronounced star-like 
appearance (Figure 2B).

The average gelation time for the 7:1 C/GP solution 
at 37 °C was 120 seconds when 1 g of strontium powder 
or 1 mL of chloropyrene per 10 ml of the C/GP solution 
was added as the developer (Figure 3).

Fig. 3. The gelation test of 7:1 C/GP 
solution (A: the C/GP material is liquid 
at less than 37 °C; B: The C/GP material 
is gel at 37 °C). C/GP: chitosan/β-
glycerophosphate sodium. 
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All 13 pigs in group L survived the surgery with 
no infections in the incision or limb hemiplegia. Only 
12  of  the pigs in group H survived surgery with one 
animal dying from spasm and respiratory depres-
sion during embolism. The REM and external carotid 
artery were embolized during surgery and one animal 
presented with lateral paralysis, masticatory muscle 
weakness and weight loss.

Histological examinations
Results of the histological examinations before REM 
embolization (Figure 4A) show that the diameter 
of the REM blood vessels were between 80 and 320 μm, 
which was very close to the diameter of the AVM blood 
vessels found in the human brain. The microvessels 
were arranged in a mutually intersecting manner and 
were morphologically similar to the abnormal vascular 
masses found in human brain arteriovenous malfor-
mations. The histological results for REM 6 weeks 
post embolization demonstrated that the C/GP gel 
filled the lumen of the REM, the fibroblasts were able 

to proliferate, the intima was intact and there were no 
obvious inflammatory reactions (Figure 4B).

Angiography
Angiography of the DSA before embolization: The 
pharyngeal ascending arteries in all 26 pigs were derived 
from the common carotid artery and these pharyngeal 
ascending arteries sent out terminal branches which 
formed REM within the cavernous sinus. The REM was 
shown to reaggregate with the internal carotid artery 
in the brain and supplied brain tissue in the intracra-
nial branch. In addition, the two external anastomoses 
of the pig's external carotid artery (ramusanastomoticus 
RA) and the anastomotic artery (arteriaanastomotica 
AA) were also shown to participate in the REM blood 
supply (Figure 5A, B).

Angiography at Weeks 2 and 6 after embolization: the 
REM in eight out of the 12 pigs in the L group remained 
completely undeveloped (Figure 5E, F) and although 
the pharyngeal ascending artery in four animals were 
shown to be embolized, RA was still seen in the later 

Fig. 4. Histological examination of 
microvascular network (A: REM 
in the skull base microvascular 
network. The REM vessels have 
the intima and adventitia, and 
there is scattered connective 
tissue between the microvessels 
with a transverse diameter as 
80-320 μm; B: After 6 weeks 
of REM embolization, the C/
GP gel fills the REM vascular 
lumen, the fibrous tissue 
grows inside, the membrane is 
intact, and there is no obvious 
inflammatory response). REM: 
rete mirabile; C/GP: chitosan/β-
glycerophosphate sodium. 

Fig. 5. Angiography of DSA 
(A: Unilateral REM; B: 
Angiographic images of 
Unilateral REM, AA short 
arrow, RA long arrow; C: RA 
ultra-selective angiography; 
D: RA after embolization; 
E: Before embolization; 
F: After embolization; G: 
Before embolization; H: 
Ultra-selective angiography 
before embolization; I: 
Bilateral REM don’t develop 
after embolization; J: 
Bilateral REM don’t develop 
after. Embolization). 
DSA: digital subtraction 
angiographic; REM: rete 
mirabile; AA: arteria 
anastomotica; RA: ramus 
anastomoticus. 
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parts of the REM, namely the pharyngeal ascending 
artery was embolized while the AA continued to supply 
blood to the REM. After the microcatheter super selec-
tively entered the RA (Figure 5C) and the AA was 
re-embolized we were able to demonstrate that the REM 
was completely embolized (Figure 5D). The 12 pigs in 
group H all demonstrated the successful production 
of  a  cAVM phenotype prior to embolization (Figure 
5G, H). The bilateral REM was not developed following 
C/GP embolization (Figures 5I, J) and angiography 
at 6 weeks post-surgery revealed no recanalization.

Intraoperative characterization
During the administration of the embolic agent we 
injected an additional bolus and noted that there was 
no resistance within the microcatheter. Combined 
with the ease of administration, the ability to control 
the time (1.5-3 min) and the total dose (0.5-1.0 mL) 
we suggest that this is a viable clinical intervention for 
cAVM. When the microcatheter was withdrawn after 
embolization, there was no adhesion between the end 
of the microcatheter and the embolic agent.

Histological examination after embolization
General observation revealed that the structures in 
the bilateral pharyngeal ascending arteries, REM and 
internal carotid artery were consistent with the initial 
DSA evaluations. There were no abnormalities in the 
brain tissues from group L, and the REM embolization 
was complete on the embolization side. The REM on 
the embolized side was harder and paler than on the 
contralateral side while the embolic material remained 
jelly-like. The REM was easily peeled from the rupture 
hole in the base of the skull. The two sides of the REM 
in group H were harder and paler, and the embolic 
material remained jelly-like.

Light microscopy showed that the gel in the lumen 
of the REM specimens was evenly dispersed, indicating 
that the vascular cavity was completely embolized and 
the hydrogel remained inside the lumen of these vessels. 
There was no inflammatory reaction around the blood 
vessels, the smooth muscle layer was intact, the intima 
of the vessel walls was clearly visible and there was also 
no exfoliation or necrosis in the vessel walls. (Figure 
4B).

DISCUSSION
Arteriovenous malformation (AVM) is a common form 
of congenital cerebral vascular dysplasia (Zhang et al. 
2016). The arteries and veins are directly connected 
without the intervention of capillaries, resulting in 
a  series of hemodynamic disorders. It’s common in 
young adults aged between 20 and 40 years old and the 
main clinical manifestations include recurrent intra-
cranial hemorrhage, epilepsy, headache and neuro-
logical deficits (Osbun et al. 2017; and Tranvinh et al. 
2017). The annual incidence of cerebral hemorrhage 

is between 2 and 3%, and the mortality rate is around 
1-2% (Gabriel et al. 2010; Kim et al. 2009).

At present, there are several representative embolic 
materials commonly used in China and abroad 
including adhesive liquid embolic materials and non-
adhesive liquid embolic materials. n-Butyl cyanide 
propionate (NBCA) is the most common of the adhe-
sive liquid materials (Starke et al. 2009) and in 2000, the 
US Food and Drug Administration (US FDA) approved 
NBCA for use in endovascular embolization. NBCA 
liquid glue has a low viscosity before gelation and a short 
gelation time (commonly known as the three-second 
glue), which is not conducive to the fine manipulation 
of this material during injection. This attribute may 
increase the probability of entering a dangerous anas-
tomosis which may lead to intracranial hemorrhage. 
NBCA also becomes harder after entering its gel form 
in the body which can complicate surgical resection 
after embolization. Moreover, this embolic agent can 
adhere to the polymer materials of  the microcatheter 
and block its openings resulting in the microcatheter 
may be stuck in the skull. Currently the only non-adhe-
sive liquid embolic material in use is ONYX gel which 
has also received FDA approval for use in the treat-
ment of cAVM. ONYX gel is comprised of  a  mixture 
of vinyl alcohol copolymer (EVOH), dimethyl sulf-
oxide (DMSO) and strontium powder (Singfer et al. 
2017), but since DMSO is an organic solvent with 
proven vascular toxicity, this formulation is less than 
ideal (Bakar et al. 2010). Onyx gel precipitates in blood 
vessels and forms a sponge-like solid, and when the 
diseased tissue is surgically resected after embolization, 
it is softer than NBCA gel and resection results in less 
bleeding (van Rooij et al. 2012). Onyx gel can induce 
a mild inflammatory response in the vessel walls but 
because it is non-adhesive, it can be injected over a long 
time ensuring more complete embolization without 
resulting in tube-sticking or blockage. Due to  the 
addition of the developer powder, Onyx gel is clearly 
visible throughout the embolization process (Vollherbst 
et al. 2022) and can be used to treat both low-flow and 
high-flow cAVM lesions (Wang et al. 2015). However, 
Onyx gel needs a specific microcatheter that is resistant 
to DMSO and these parts tend to be more rigid which 
is further complicated by the fact that the microcatheter 
needs to be close to the site of the lesion (Vollherbst 
et al. 2017) In addition, if the injection rate is too fast, 
DMSO can exert a toxic effect of the blood vessel walls 
which may result in vascular endothelial cell necrosis 
and severe vasospasm (Van et al. 2021). 

Liquid embolic materials with non-stick proper-
ties and no organic solvent supplementation would 
be an ideal solution, and given the fact that hydrogels 
are known to meet these criteria it is obvious that 
they should be evaluated in these types of applica-
tions (Poursaid et al. 2016). Hydrogels are a distinct 
class of polymer that swells when they absorb water 
and can retain a large volume amount of water without 
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dissolving. Because their properties are very similar 
to those of the body tissues, they have been shown 
to induce less irritation in surrounding tissues and 
have good histocompatibility (Shimohira et al. 2018). 
However, several of the well-known hydrogels remain 
liquid at high temperatures and solidify at low tempera-
tures making their administration to the aneurysm 
cavity complicated and may increase the risk of compli-
cations such as ectopic embolization due to material 
liquefaction. In 2000, Chenite et al. (2000) were the first 
to described the use and preparation of a chitosan/β-
glycerophosphate (C/GP) aqueous solution gel system 
as a novel injectable scaffold. This solution retains 
a physiological pH, is liquid at room temperature and 
can encapsulate both live cells and therapeutic proteins. 
This solution gels at body temperature and when it’s 
administered to the body, it forms a biodegradable gel 
at the site of injection (Agarwal et al. 2013).

Wang et al. (2011) were first to use a thermosensi-
tive chitosan/β-glycerol phosphate solution for embo-
lization and were able to effectively embolize rabbit 
renal arteries with fairly reproducible results. There 
were no ectopic embolization, reduced tube sticking 
and catheter obstructions and there were fewer adverse 
events and changes during the embolization process. 
These animals also presented with improved postop-
erative condition and there were no special compli-
cations. Postoperative angiography also revealed no 
recanalization.

Here we used chitosan with the following speci-
fications: viscosity 130 mPa.s, molecular weight 
8.04 million Daltons and 90% deacetylation. Chitosan 
and β-glycerophosphate sodium can be mixed in 
varying proportions here we used a ratio of 7:1, which 
produced a pH value of 7.28, a mechanical strength 
of up to 14 kPa and an increased cell survival rate 
(89.0±2.7%). These parameters suggest that this solu-
tion has the potential to be a safe and effective liquid 
embolic material, which is supported by several previ-
ously reported in vitro and small animal experiments 
(Foley et al. 2016; Han et al. 2014). The average time 
required for gelation of the 7:1 C/GP solution at 37 °C 
is 120 seconds and 1 g of strontium powder or 1 mL 
of  chloropyrene is sufficient to develop up to 10 mL 
of the C/GP solution.

Toxicity and pathological results
Chitosan has several good characteristics lending it 
credibility as an embolic material these include a high 
degree of biocompatibility, known antibacterial/anti-
microbial/antiviral activity, demonstrated anticancer 
activity and being biodegradable. These characteris-
tics have all contributed to itsapproval by the FDA for 
use as a wound dressing (Patrulea et al. 2015). Sodium 
glycerophosphate is an organic compound found in the 
human body in its natural form and has been approved 
by the FDA for intravenous therapy. In vitro and in vivo 
evaluations have demonstrated the biocompatibility 

of C/GP (Deng et al. 2017) and histological examina-
tion after embolization revealed no abnormalities in the 
treated brain tissues. Light microscopy showed that the 
REM lumen was filled with the gel material, the intima 
of the walls was clearly visible and the smooth muscle 
layer was intact. No exfoliation and necrosis of the 
vessel walls was observed and there was no inflamma-
tory reaction around the blood vessels, indicating that 
C/GP has no toxic effect on blood vessels (Zhou et al. 
2015). C/GP was developed well after the developer was 
added to the powder, but in the histological sections, 
the metal tantalum powder did inhibit sectioning, 
but liquid developers, including chloropyrene, had no 
impact on the sectioning of the histology specimens.

Precautions during embolization
The injection rate of C/GP should be carefully cali-
brated and the bolus flow rate should be monitored. 
If the flow rate is too high the C/GP will not form its 
hydrogel at  the site of the cAVM and may enter the 
drainage vessels damaging the blood flow to the brain. 
If the flow rate is too slow, it will cause premature 
precipitation of the hydrogel, resulting in C/GP gelation 
in the catheter and catheter blockage. Here we success-
fully used a bolus flow rate of 0.2 ml-0.5 ml/min and 
a dose of 0.5-1.0 ml with an injection time of 1.5-5 min. 

Study limitations: Both male and female pigs were 
used, which may create additional confound of sex in 
the study.

CONCLUSION
Our results showed that the pathological changes in the 
REM tissue of these porcine models 6 weeks after embo-
lization and provided sufficient evidence to  suggest 
that this may be a novel liquid embolic material for the 
endovascular treatment of cAVM. C/GP and fibroblasts 
can be used in the embolization of cAVM and that this 
approach may have broad application an ideal emboli-
zation material for the treatment of cAVM. 
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