
385 

Histopathologic Effects of Transarterial Bucrylate 
Occlusion of Intracerebral Arteries in Mongrel Dogs 
Karl K. Kish, 1. 2 Steven M. Rapp, 3 Harvey I. Wiln er,1 David WOlfe,4 L. Murray Thomas,3 and John Barr1 

Bucrylate was injected directly into the cerebral cortical arter
ies of mongrel dogs. Preparations for light and electron micros
copy were obtained from 5 min to 5 months after the introduction 
of the polymer. A mixed pattern of damage to arterial endothe
lium was seen, including electron microscopic documer,tation 
of stripping away of the endothelium. Acute effects include a 
subocclusive thrombogenic matrix, which causes partial or com
plete thrombosis. The long-term reactions are those of a chronic 
inflammatory response to a foreign body. 

Isobutyl 2-cyanoacrylate (Ethicon , Somerville , NJ) was injected 
into the intracran ial arteries in two groups of mongrel dogs. In the 
initial group, the adhesive was injected through a Kerber ca librated 
leak balloon microcatheter [1] after fluoroscopic positioning with in 
the internal carotid artery . Cerebral corti cal vessels were injec ted 
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Fig . 1.-Kerber calibrated leak balloon microcatheter technique in mon
grel dogs under general anesthesia. 

directl y in the second group of dogs. Histopatholog ic studies were 
performed on autopsy ti ssue. 

Materials and Methods 

An initial group of seven mongrel dogs was catheteri zed under 
general anesthesia, using th e Kerber ca libra ted leak balloon micro
catheter technique (fig . 1). Localizing injections with several filmings 
placed the catheter in the internal carotid artery. The amount of 
0.01-0.25 ml of isobutyl 2-cyanoacry late (bucrylate) was injected 
using a 1 ml syringe followed by a flush of 5% disti lled water. The 
catheter was immed iately removed from the internal carotid artery 
and a contrast injec tion of th e common carotid artery was subse
quentlyobtained. 

A second group of nine mongrel dogs underwent right parietal 
c raniotomy using pentobarbital general anesthesia. Th e dura was 
opened and a superficial parietal cortical artery was isolated (fig . 
2). This vessel was cann ulated wi th a 27 gauge needle under 

Tube rc ulin syringes 

Fig. 2.-lsolation of superficial parietal corti cal artery in mongrel dogs 
under general anesthesia. 
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Fig. 3. -Electron mic rograph of bucrylate polymer (6) in lumen of lepto
meningeal artery immediately after injecti on. Endothelium (E) and medial 
smooth musc le cells (V) appear intact. (Magnification x 21 ,700. ) 

Fig. 4 .-Electron microscopy in immediately sacrificed dog shows strip
ping away of endothelial cells (arrows) in other injected leptomeningeal 
arteri es. (Magnificati on x 44,800.) 

microscopic visualization. Suffic ient isobutyl 2-cyanoacrylate was 
injec ted to occ lude corti ca l vessels in the microscopic fi eld . The 
operative wound was c losed using standard neurosurgical tech
nique. All dogs of this group were sacrifi ced at intervals from 24 hr 
to 5 months. The brains that were prepared for light microscopy 
were fi xed for 2 weeks in 10% forma lin. Bucrylate-injected brains 
obtained for electron microscopic studi es were fi xed in glutaralde
hyde immed iately after sac rifi ce of the animal. 

Results 

Resu lts of the initial group of dogs were divided into immed iate 
(less than 5 min after injec tion) and acute (24- 36 hr). Results of 
the second group of dogs were all c hronic studies , sacrifi ced 2-5 
months after direct cort ica l injections. 

Electron microg raphs of arter ies fi xed immediately after bucry late 
injection show intravascular profiles of the polymer. In some vessels, 

Fig. 5. -Light micrograph shows intraluminal bucry late meshwork (ar
rows ) within leptomeningea l arteri es of animals sacrificed with in 36 hr. 
(Magnification x 210.) 

Fig. 6. -Light microg raph from chronic preparation indicates angula, 
deposits of bucrylate polymer (6) within small leptomeningeal arteries, whicl 
display chron ic foreign-body inflammatory response (arrows ). (Magnificatior 
x 123.) 

such profiles apposed apparently intact endothelial cells (fig . 3). I,. 
other vessels widespread stripping away of arterial endothelial cell 
was observed (fig . 4) . 

Light microscopic study of arteries in dogs acutely sacrifice, 
showed intraluminal meshworks of bucrylate polymer (fig . 5), whici 
variably occluded the lumen and in some an imals were associate 
with thrombotic occlusion. Acute ischemic neuroparenchymal dan 
age was seen in th e corresponding arterial territories. 

The long-term light microscopic histopatholog ic reactions in S m it'l 

leptomeningeal arteries to intraluminal bucrylate polymer are thos 
of a c hronic inflammatory response to a foreign body. While th." 
normal layers of the vessel wall become indistinct with vari ab l·~ 

fibros is, co llagenization , and mild focallymphohistiocytic infiltrate .. 
the cellular reaction is a marked multilayered proliferation of cells 
immediately apposed to the intraluminal bucrylate (fig . 6). Neopla 
tic changes were not seen. 
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Discussion 

The direct surgical approach to the introduction of bucrylate 
resu lted in a more effecti ve localization of the polymer th an did 
internal carot id artery catheter inject ions. This direct approach 
resu lted in less extensive neurolog ic deficits. Sacrifi cing th e animals 
at specific time intervals was thus ach ieved. 

Lehman et al. [2] stud ied the toxic ity of alky l 2-cyanoacrylates in 
mongre l dogs and ch impanzees. In their seri es radia l and peroneal 
nerves were exposed and subsequently coated with the monomer. 
A second study by Lehman et al. [3] inc luded coat ing of the entire 
exposed brain cortex with cyanoacrylate. The an imals were sacri
ficed from 3 days to 36 weeks. Light microscopic stu dy of ti ssue 
obtained in both series revealed various deg rees of inflammatory 
reaction. Their studies of a series of cyanoacrylate monomers found 
that isobutyl cyanoacrylate exhibited th e least histotox ic ity and was 
the most slowly degraded monomer. They also found no evidence 
of tumor formation with long-term implantation studies of isobutyl 
cyanoacrylate. 

White et al. [4] c linica lly evaluated the effects of isobu tyl 2-
cyanoacrylate on human visceral arteries and arterioles. Histolog i
cally there were areas of a nonstaining , slightly refractile network 
surrounded by large numbers of foreign body giant ce lls and orga
nized thrombus. There were varying degrees of chronic inflamma
tion containing lymphocytes and plasma cells in th e th rombus and 
surrounding vascular ti ssues. The vascular outlines were unremark
able, although the internal elastic lamella was often focally dis
rupted . Freeny et al. [5] also used bucrylate to occlude visceral 
arteries and they found that injected vessels had intact intern al 
elastic membranes with no reacti ve changes in the media or adven
titia. The histiocytic giant-cell react ion was confined to the vessel 
lumen. 

Vinters et al. [6] described th e histology of bucrylate embolizat ion 
in two patients after surgical resection of arteriovenous malforma
tions of the brain. One patient underwent surgery 42 days after 
embolization. Arteri al thrombosis and inflammatory giant-cell reac
tion was seen . Th e second case was fo llowed for 1 year subsequent 
to embolization . Light microscopy showed chronic inflammation in 
and around the vessel walls. Reactive gliosis in the surround ing 
parenchyma was noted. Walls of injected vessels were thickened. 

Zanetti and Sherman [7] studied the effects of bucrylate on 
mongrel dog renal arteries, surgica lly constructed arteriovenous 
fistulas, and vein pouch aneurysms. The authors reviewed the 
histology of acute and chronic occlusion lesions. They concluded 
that the adhesive causes permanent intravascular blockage. In 
acute occlusions the adhesive was focally in contact with the intima. 
The chronic occlusions, however, showed fibrous tissue formation 
and chronic inflammation. 

Hood et al. [8] reviewed the direct effect of carbohexoxymethyl 
2-cyanoacrylate upon th e cat cerebral corti x. The animals were 
sacrificed at 4 and 7 days after the application of this new adhesive . 
Meningeal necrosis , astrocytosis, vascular wall degeneration, hem
orrhage, and inflammatory reaction was seen. 

Our results indicate a mixed pattern of damage to arterial endo
thelium in wh ich the endothelium appears intact in many vessels, 
but is stripped away in other vessels. Whether such stri pping 
reflec ts the toxic effects of bucrylate or mechanica l artifac ts of 
intraarteria l injection is not ver ified by our data . The immediate 
effects of bucrylate re late to the amount of ischemic neuroparen
chymal damage after occlusion of arteries by the bucrylate. 

Acu te effec ts showed multiple arteries and arterioles within the 
cerebral hemispheres containing irregular meshworks of polymer
ized bucrylate. Endothelial stripping was seen. The bucrylate poly

mer provides a subocc lusive thrombogenic matrix that causes par
tial or complete thrombosis. Acu te neu roparenchymal damage con
sisted of ischemic corti ca l neurons showing a distinct eosinophi lic 
change in the territory of th e injec ted vessel. Thi s find ing presum
ably reflects the pattern and degree of arterial occlusion rather than 
possible toxic effects of bucrylate on vessels or parenchyma. Elec
tron microscopic findings revealed gross d isruption and str ipping 
of endothelial ce lls by the polymer. 

The long-term histopatholog ic reactions are those of a chronic 
inflammatory response to a foreign body. The normal layers of the 
vessel wall become ind istinct w ith variable amou nts of fib rosis, 
co llagen ization, and mild focal Iymphohistiocyt ic in fil trates . How
ever, the main ce llular reaction is a marked mu ltilayer proliferation 
of ce lls immediately apposed to the intraluminal bucrylate . This 
ch ronic inflammatory response is co mmon to many foreign bodies. 
Neoplastic changes were not seen. 
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