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PURPOSE: To develop a new technique to treat wide-necked side-wall aneurysms, combining the 
implantation of intraarterial stents with the endosaccular placement of coils. METHODS: Bilateral 

side-wall aneurysms were surgically created on the carotid arteries of four dogs. In each animal, 
Guglielmi detachable coils were introduced into one of the aneurysms after implantation of a 
balloon-expandable Strecker stent within the parent artery, adjacent to the aneurysm orifice. The 

contralateral aneurysms were treated with coils alone. RESULTS: In two dogs, one of the stented 

and both nonstented aneurysms remained partially open for 4 weeks after subtotal packing with 
coils. In another two dogs, tight aneurysm packing with coils resulted in complete occlusion of all 
four aneurysms. Bulging of the coil mass resulted in 30% to 75% narrowing of the nonstented 

parent arteries. At 4 and 5 weeks, significant stenosis resulting from reactive hyperplasia was 
observed in all stented carotid arteries. CONCLUSION: Based on these preliminary results, we 

conclude that Guglielmi detachable coils can be introduced into an aneurysm cavity through 
Strecker stents. The stents allow tighter packing of wide-necked aneurysms by preventing coils 
from migrating or bulging into the parent arteries. 
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Surgical clipping of giant intracranial aneu
rysms is technically difficult and carries a rela
tively high risk . The endovascular approach has 
gained wide acceptance as a treatment alternative 
for surgically inaccessible cases. However, wide
necked giant aneurysms are a challenge even for 
endovascular methods. 
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Conventional techniques attempt to exclude 
the aneurysm from the intracranial circulation by 
filling the sac with different thrombogenic de
vices. Since Serbinenko's first publication (1), a 
number of patients have been treated by endo
saccular occlusion with different detachable bal
loons (2-4). Complete occlusion of giant aneu
rysms is difficult; recurrence has been reported 
after partial treatment (4). The most recent ad
vance, Guglielmi detachable coils (Target Thera
peutics, Fremont, Calif) , permits placement and 
retrieval of long platinum coils into and out of the 
aneurysm cavity (5, 6) . The Guglielmi detachable
coil system has proved less successful for the 
treatment of wide-necked aneurysms (7) because 
of resultant migration or bulging of coils into the 
parent artery through the large orifice of the 
aneurysm. Direct sacrifice of the parent artery by 
detachable balloon occlusion frequently remains 
the treatment of choice for aneurysms of the 
internal carotid artery. 
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The placement of stents (cylinders constructed 
of fine wire mesh) across the orifice of an aneu
rysm, a novel approach, attempts to restore lam-
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inar flow to the lumen of the parent artery while 
excluding the entry of blood into the aneurysmal 
cavity. Although several laboratories have re
ported good results in animals when treating 
experimental aneurysms with tantalum stents, 
previous experiments performed in our laboratory 
indicate that tantalum stents do not provide an
giographic obliteration of experimental wide
necked aneurysms: four of seven aneurysms 
thrombosed partially and one thrombosed com
pletely (Guterman LR, Szikora I, Wells KM, Hop
kins LN, Treatment of Lateral Wall Vein Graft 
Aneurysms with Stents and Stents with Coils in 
Canines, presented at the 43rd Annual Meeting 
of the Congress of Neurological Surgeons, Van
couver, British Columbia, Canada, 1993). To de
velop a method to treat giant aneurysms with 
large orifices, we combined intraarterial implan
tation of tantalum stents and endosaccular pack
ing with electrically detachable platinum coils. 

Methods 

Aneurysm Creation 

Bilateral side-wall vein-graft aneurysms were created in 
four mongrel dogs following a technique first described by 
German and Black (8) , under a protocol approved by our 
institution 's Animal Care Committee. All procedures were 
performed under sterile conditions and with general anes
thesia. The common carotid arteries were exposed on both 
sides of the neck. A 5-mm arteriotomy was performed with 
a number 11 blade. A 5-mm vascular punch was used to 
enlarge the arteriotomy. A 7-mm portion of a previously 
removed segment of the external jugular vein was sewn to 
the arteriotomy using 7-0 proline suture. The distal end of 
the vein graft was closed with 7-0 proline suture. 

Aneurysm patency was confirmed 3 weeks after surgery 
by transfemoral digital subtraction angiography (Fig 1) 
using an OEC-Diasonics Series 9000 C-arm image intensi
fier with a neurovascular software supplement (OEC-Dia
sonics, Salt Lake City, Utah). The aneurysms were treated 
from 26 to 126 days after the surgical procedure. No 
spontaneous aneurysm thrombosis was observed during 
this follow-up period; therefore, we did not use an untreated 
aneurysm as an internal control. The shortest and longest 
diameters of the aneurysms were measured in two views 
by digital subtraction angiography. An angioplasty balloon 
catheter was placed within the parent artery adjacent to 
one of the aneurysms in each animal as described below. 
The length of the balloon, indicated by radiopaque markers, 
was measured in the same views either by fluoroscopy or 
on road-map angiograms. The magnification factor was 
then calculated while comparing this measurement with 
the real length of the balloon. Aneurysm volumes were 
calculated as prolate spheroids, using the appropriate geo
metric formula (V = 4/3 1r X A/2 X B/2 X C/2, where A , 
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Fig. 1. Digital subtraction angiography 120 days after surgery 
shows a patent giant aneurysm. 

B, and C are the largest diameters of the aneurysms in 
three orthogonal planes). 

Stent Implantation 

One aneurysm in each animal was treated by placing a 
balloon-expandable tantalum stent (Strecker stent, Medi
Tech, Watertown, Mass) within the parent artery, adjacent 
to the aneurysm orifice. In one dog, a coronary Strecker 
stent, measuring 4.5 mm in diameter and 25 mm in length 
(ie, 4.5/25 mm), constructed from 0.07-mm tantalum wire, 
was used. The stent was mounted on a 3.2-F, 6-atm 
maximum-inflation pressure angioplasty balloon catheter 
(Medi-Tech). This procedure was performed without sys
temic heparinization, and the dog was followed up for 1 
month before further treatment. 

In the remaining three dogs, 5/33-mm, 0.1-mm wire , 
peripheral Strecker stents were used with a 5-F, 6- or 12-
atm maximum-inflation pressure angioplasty balloon cath
eter as a delivery system (Fig 2). Stent implantation was 
followed by endosaccular coil placement 1 hour later. These 
three animals received intravenous injection of 1000 U of 
heparin before placement of the stent delivery catheter to 
avoid thrombotic complications during the lengthy intra
arterial manipulation. 

To study the flow dynamics within the aneurysm cavity 
before and after stent implantation, a Tracker-18 micro-
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Fig. 2. A, Digital subtraction road-map angiography, lateral 
view. A 5/33-mm peripheral Strecker stent (Medi-Tech) is placed 
adjacent to the orifice of the aneurysm. 

B, The stent is expanded by inflation (12 atm) of the angioplasty 
balloon. 

catheter (Target Therapeutics) was advanced into the aneu
rysmal sac, and contrast material was injected into the 
inflow and outflow tract and within the dome of the aneu
rysm (Figs 3A and 3B ). This study was performed before 
stenting, as well as 2 weeks and 1 month after stenting in 
one animal (Figs 3C and 3D) and 1 hour after stent 
implantation in the remaining subjects. Placement of the 
Tracker catheter through the mesh of the stent was rela
tively easy in each case and involved introducing a Taper-
16 or Seeker-16 guide wire (Target Therapeutics) into the 
aneurysm cavity and easing the catheter over the wire. 

Coil Packing 

After the patency of the stented aneurysms was con
firmed by digital subtraction angiography, Guglielmi de
tachable coils were delivered through the stent into the 
aneurysm cavity with a Tracker-18 Guglielmi detachable 
coil microcatheter (Fig 4A). During the same session, the 
contralateral aneurysms were treated with coils alone. The 
animals were divided into two groups. In two animals (group 
A), attempts were made to occlude the aneurysm cavities 
with Guglielmi detachable coils without compromising the 
lumen of the parent arteries on both sides (Fig 4B ). In two 
animals (group B), Guglielmi detachable coils were placed 
into the aneurysm cavities as tightly as possible-regard
less of the hemodynamic consequences. Coil placement 
continued until the aneurysm cavities no longer could 
accommodate coil mass (Fig 4C). 

After the procedure, anticoagulation was reversed with 
10 mg of intravenous protamine sulfate in the three animals 

STENTS AND COILS 1093 

receiving intravenous heparin before treatment. One animal 
in group B was killed in 6 hours to serve as a pathologic 
control. The other three subjects were followed up with 
digital subtraction angiography for 4 to 5 weeks and then 
killed. 

Specimen Preparation 

The common carotid arteries were removed and fixed 
in 10% phosphate-buffered formaldehyde (Fisher Scien
tific, Fair Lawn, NJ). The stented carotid arteries were 
opened longitudinally along the walls opposite the aneu
rysm orifices. Gross pathologic examination of the portions 
of the carotid arteries covered by the stents was done. The 
stents were carefully removed using a surgical dissecting 
microscope. Special care was taken to save all tissue 
covering the inner surfaces of the stents. The diameters of 
the aneurysm orifices were measured, and the areas of the 
orifices were determined by the appropriate formula for a 
circle or an ellipse (r2 X 1r or A/2 X B/2 X 1r). The tissue 
layers covering the stents were removed from the struts of 
the stents and sectioned perpendicular to the main axes of 
the arteries. 

Using microscissors, an approximately 3-mm-thick hor
izontal cross-sectional slice was made across the body of 
each aneurysm and the portion of the carotid artery adja
cent to the orifice. Under microscopy, pieces of the coils 
were carefully removed from the mass of thrombus. The 
nonstented aneurysms were prepared similarly but without 
opening the carotid arteries. 

Cross-sectional cuts of the portions of the stented arter
ies proximal to the stents and of the segments covered by 
the stents were also made. The nonstented carotid arteries 
were sectioned proximal to the aneurysms. 

All sections were embedded in paraffin and stained with 
hematoxylin and eosin. 

Results 

Postsurgical Follow-Up 

Digital subtraction angiography obtained im
mediately before endovascular treatment dis
played bilateral, large, patent aneurysms in all 
animals. Aneurysm volumes varied between 132 
and 485 mm3

, as determined by digital subtrac
tion angiography. We attribute the differences in 
aneurysm volume to the surgical technique and 
to variations in venous anatomy of dogs. Al
though the lengths of the vein pouches were 
identical in all cases (7 mm), the diameters of the 
external jugular veins varied considerably among 
the animals. Measurements of aneurysm orifices 
were obtained from the best available projection 
on digital subtraction angiography. The longitu
dinal diameters of the orifices ranged from 5 to 6 
mm. This was consistent with the surgical tech-
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Fig. 3 . Characteristic flow pattern within 
the aneurysm cavity. 

A and B, Digital subtraction angiography, 
lateral view, before treatment (animal 1, 
group A). A Tracker-18 Guglielmi detacha
ble-coil microcatheter is advanced into the 
aneurysm cavity (arrowhead, microcatheter 
tip). A, Contrast material injection demon
strates inflow tract (arrow) within the distal 
aspect of the aneurysm and vortex flow 
within the center of the aneurysm cavity 
(small arrow). B, Microcatheter tip (arrow
head) positioned into the dome of the aneu
rysm. The outflow zone (arrow) is visualized. 

C and D, Digital subtraction angiography 
2 weeks after stent placement (animal 1, A 
group A). C, Microcatheter tip is advanced 

AJNR: 15, June 1994 

B c D 

into the distal aspect of the orifice (arrowhead) through the mesh of the stent (small arrows). Contrast injection shows the inflow zone 
(arrow) and vortex flow. D, Microcatheter tip is placed within the proximal portion of the aneurysm (arrowhead). The outflow tract is 
well visualized (long arrow). The mesh of the stent is indicated by a small arrow. 

Fig. 4. Aneurysm packing with Gug
lielmi detachable coils. 

A, Digital subtraction road-map angiog
raphy demonstrates a 5/33-mm stent adja
cent to the orifice of the aneurysm (small 
arrows) and a Tracker-18 Guglielmi detach
able-coil microcatheter advanced into the 
aneurysm cavity (arrowhead, catheter tip). 
A Guglielmi detachable coil (8 mm in diam
eter, 40 em in length) is being delivered into 
the lumen of the aneurysm (arrow). 

B and C, Plain x-ray film of the neck 
after treatment displays subtotal packing of 
the aneurysms with platinum coils on both 
sides (B) and tight packing bilaterally (C). A 

nique, in which a 5-mm vascular punch was used 
for arteriotomy. 

Stent Implantation 

In the first animal, treated by a 0.07-mm wire 
coronary stent without heparinization, approxi
mately one third of the aneurysm lumen was 
angiographically obliterated immediately after 
stent placement (Figs 5A and 5B ). Five minutes 
after stent placement, the angiographic appear
ance of the aneurysm had returned to normal. 
One week later, digital subtraction angiography 
revealed an aneurysm cavity identical to the pre
treatment image (Fig 5C). Angiographic evalua
tion of flow in the aneurysm cavity at 2 weeks 
and 4 weeks after treatment revealed a charac
teristic inflow and outflow tract (Figs 3C and 3D). 
In one animal , treated by a 0.1-mm wire periph
eral stent after systemic heparinization, slow flow 
and irregular filling of the aneurysm were ob
served immediately after stenting. No changes of 
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the aneurysm fillings were observed in the re
maining two dogs after stent treatment (Figs 6A 
and 6B). 

Coil Packing 

In group A, subtotal aneurysm packing with 
coils resulted in approximately 90% angiographic 
occlusion of both nonstented aneurysms and one 
stented aneurysm (Table 1). The second stented 
aneurysm was completely obliterated. Residual 
filling was observed either in a neck remnant or 
within the aneurysm dome (Figs 7 A and 7B ). 
Repeat angiography was performed at 2 and 4 
weeks. There were no changes in the angie
graphic appearance of the coiled or stented and 
coiled aneurysms. No evidence of coil remodeling 
or migration was seen. The coil masses did not 
bulge into the lumens of the parent vessels on 
either the stented or the nonstented sides. One 
month after treatment, angiography revealed a 
hemodynamically insignificant narrowing of the 
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stented portion of the carotid arteries, reducing 
the lumen by approximately 35% (Figs 7C and 
7D). 

In group B, angiography performed immedi
ately after treatment displayed 100% occlusion 
of both coiled and stented and coiled aneurysms 
in both animals (Table 2). On the stented sides, 
coils were not evident within the lumens of the 
parent vessels. The coil masses had not bulged 
through the orifices into the lumina of the parent 
vessels (Fig SA). In the nonstented aneurysms, 
angiography obtained after reversal of heparini
zation with protamine sulfate revealed hemody
namically significant stenosis of the carotid arter
ies, resulting in slow flow in the distal carotids. 
The coil masses were seen bulging through the 
orifices of the aneurysms and resulted in 75% 
narrowing of the lumens of the carotid arteries 
adjacent to the aneurysms (Fig 8B ). After 4 
weeks, the aneurysms remained completely ob
literated in one dog. On the stent and coil side, 
hemodynamically insignificant stenosis narrowed 
the stented portion of the lumen of the parent 
artery by 35% to 40% as determined using digital 
subtraction angiography images in two orthogo
nal views (Fig 8C). The coil mass in the non
stented aneurysm still bulged into the lumen of 
the vessel, but normal flow had been restored in 
the parent artery (Fig 8D ). Residual coil was not 
observed in the lumen of the vessel. In the second 
dog in this group, the coil mass on the nonstented 
side bulged through the orifice of the aneurysm, 
effecting a 50% compromise in the parent vessel 
lumen. Through this vessel, the rate of flow was 
unchanged. This animal was killed 6 hours after 
placement of the stent and coils. 
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Pathology 

After removing stents from the common ca
rotid arteries, the diameters of the ostia of the 
aneurysms were measured and found to range 
between 6 and 8 mm. The areas of the ostia were 
calculated and varied from 28.27 to 37.69 mm2

. 

A dense fibrous proliferation was observed cov
ering the inner surfaces of the stents in all but 
the one animal killed early. The thickness of this 
smooth tissue layer inside the stent was relatively 
uniform and varied between 0.3 and 0.5 mm. 
Because of the preparation technique, in which 
the carotid arteries were opened longitudinally, 
we could not measure the true luminal diameters 
of the parent arteries adjacent to the aneurysms. 
However, we do not believe that these measure
ments would provide an accurate estimation of 
the stenosis, which resulted either from fibrous 
proliferation or from bulging of the coil mass, 
because shrinking during fixation probably af
fects the stented and nonstented portions of the 
vessel differently. 

Cross-sections of the aneurysms displayed 
coils embedded in masses of thrombus. In all 
subtotally occluded aneurysm cavities, the 
masses of thrombus were partially black and 
fragile, whereas the remainder was white, solid, 
fibrous tissue. The aneurysm cavities that were 
completely occluded angiographically were en
tirely filled by solid masses of white fibrous tissue, 
consistent with organizing thrombus. Black, frag
ile masses of thrombus were observed within both 
aneurysms removed from the animal killed early. 
The lumens of all stented carotid arteries were 
clearly spared adjacent to the aneurysm orifices, 
although the actual diameters could not be meas-

Fig. 5. Transient, mild alteration of flow 
within the aneurysm after stent placement. 

A, Digital subtraction angiography, lat
eral view, before treatment. 

B, Immediately after stent placement, ap
proximately one third of the aneurysmal sac 
is not visualized (arrow). 

C, One week after stenting, the angie
graphic appearance is identical to the pre
treatment image. 
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Fig. 6. Unchanged aneurysm filling after stent implantation. 
A , Digital subtraction angiography, lateral view, before treat

ment. 
B, Immediately after stent implantation (arrowheads indicate 

stent), aneurysm filling is unchanged. 

TABLE 1: Results of group A: subtotal packing of aneurysms using 
Guglielmi detachable coils with and without previous stent 

implantation 

Immediate 
Coils alone 

Stent and coils 

After 4 weeks 
Coils alone 

Stent and coils 

Complete 
Occlusion 

0 

0 

Incomplete 
Occlusion 

2 

2 

Stenosis 

Caused 

by Coil 
Bulging 

0 
0 

0 
0 

Stenosis 

Caused by 
Intimal 

Prolifera
tion 

0 
0 

0 
30%-50% 

ured, as mentioned above. The coils and associ
ated thrombi were contained completely within 
the aneurysm cavities, and no bulging was ob
served through the orifices. The coil and throm
bus mass protruded to some extent into the 
lumen of each of the nonstented carotid arteries. 
In those specimens in which the aneurysms were 
tightly packed with coils alone, the lumina of the 
carotid arteries were virtually occluded adjacent 
to the orifices by bulging masses of coils and 
thrombi. We attribute this in part to the shrinking 
of the specimens during fixation, which affected 
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the parent arteries more than the tightly packed 
aneurysm cavities. 

Histologic analysis of the sections of partially 
occluded aneurysms {either stented or non
stented) under light microscopy displayed mix
tures of organizing thrombi, amorphous fibrin 
material, and large areas containing intact red 
blood cells outside the newly formed capillaries 
within the organizing thrombi. The cavities cor
responding to the removed coils were surrounded 
by a few foreign-body giant cells. The sections of 
completely occluded aneurysms were entirely 
filled by organizing thrombi displaying several 
newly formed small blood vessels. 

Endothelial cells seemed to cover the luminal 
surfaces of the thrombus masses within the com
pletely occluded nonstented aneurysms. We 
could not study reendothelialization of the orifices 
of the stented aneurysms, because the intimal 
layers were removed from these specimens along 
with the stents. 

The wall of the stented portion of the carotid 
artery of the animal killed early was stretched 
and the endothelial surface flattened. The intima 
and the media were compressed around the ar
tery. Deep impressions left by the stent struts 
could be seen. The internal elastic lamina was 
poorly identified. In the remaining specimens, 
sections of the tissue covering the inner surfaces 
of the implanted stents displayed fibrous prolif
erations that were approximately three to four 
times thicker than the diameters of the cavities 
from which the struts of the stents (0.07 to 0.1 
mm) were removed. 

Discussion 

The treatment of giant cerebral circulation 
aneurysms with wide necks is associated with a 
high rate of morbidity and mortality. Microsur
gical placement of metal alloy clips across the 
aneurysm neck is technically difficult. The aneu
rysm volume and associated mass effect make 
exposure of the neck arduous, especially when 
the aneurysm arises from vessels of the posterior 
circulation. Calcifications in the vessel or the neck 
of the aneurysm make clip placement treacher
ous. Ectatic aneurysmal segments of the parent 
vessel adjacent to the aneurysm orifice may tear 
when the clip blades are closed on the aneurysm 
neck. Perforating vessels arising adjacent to the 
aneurysm orifice can be trapped between the 
blades of the clip, which may result in occlusion 
and infarction. Successful deployment of an 
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Fig. 7. Results of subtotal aneurysm 
packing using Guglielmi detachable coils 
with and without previous stent implantation 
(animal 1, group A). 

/ A, Digital subtraction angiography im-
mediately after subtotal aneurysm packing 
with Guglielmi detachable coils through a 
stent (arrowheads) shows residual aneurysm 
filling within the inflow zone (arrow). 

8 , Residual filling (arro w) within the dome 
of the contralateral aneurysm treated with 
coils alone. 

C, Digital subtraction angiography 4 
weeks later demonstrates unchanged filling 
(arrow) within the stented and coiled aneu
rysm. The stented portion of the lumen of 
the carotid artery is narrowed by approxi
mately 35% (arrowheads). 

D, Unchanged residual flow (arrow) 
A B C D within the nonstented aneurysm 4 weeks 

after treatment. Coil bulging into the lumen 
of the parent artery is not seen. The mild stenosis of the carotid artery adjacent to the aneurysm neck (arrowhead) is related to surgery 
and postoperative scar tissue formation. Note the circular appearance of this stenosis. 

TABLE 2: Results of group B: tight packing of aneurysms using 
Guglielmi detachable coils with and without previous stent 
implantation 

Immediate 
Coils alone 

Stent and coils 
After 4 weeks" 

Coils alone 
Stent and coils 

Complete 

Occlusion 

2 
2 

• One animal was killed earlier. 

Stenosis 

Incomplete Caused by 
Occlusion Coil Bulg-

Stenosis 
Caused 
by Inti-

mal 
ing Prolifer-

ation 

0 50%-75% 0 
0 0 0 

0 75% 0 
0 0 50% 

aneurysm clip results in apposition of the circum
ference of the aneurysm neck and complete iso
lation from the circulating blood in the parent 
vessel. Laminar flow is restored to the lumen of 
the parent vessel. As a result , endothelial cells 
can cover the defect in the vessel and perma
nently occlude the aneurysm orifice. 

Endovascular treatment of wide-necked cere
bral circulation aneurysms has had limited suc
cess. Although microcatheter access to the aneu
rysm cavity is easily attained, complete occlusion 
of the aneurysm cavity, resulting in restoration 
of laminar flow within the lumen of the parent 
vessel, has been difficult to achieve. Silicone or 
latex balloons rarely fill the aneurysm cavity com
pletely. For complete occlusion of the cavity to 
occur, these devices require thrombus to occupy 

the defects between the balloon and the aneu
rysm wall. 

Detachable coils are soft and conform to the 
aneurysm cavity without difficulty, yet complete 
occlusion of wide-necked aneurysms has been 
achieved only in 11 % to 15% of cases in a 
recently published series (7). Coils do not com
pletely fill the aneurysm and rely on thrombus 
format ion to fill the imperfections between coil 
mass and aneurysm cavity. In aneurysms with 
large orifices, as the coils are delivered from the 
microcatheter tips, the secondary structures of 
the coils are not contained within the aneurysm 
cavities. The resulting bulge of the coil mass into 
the lumen of the parent vessel can result in 
thrombosis and infarction. Even complete angie
graphic obliteration after coil treatment does not 
ensure permanent occlusion (9) . 

The protective effect of partial treatment 
against aneurysm rupture is not yet established 
(10).1ncomplete occlusion of the aneurysm cavity 
has been postulated to provide some protection 
from bleeding (11), protecting the dome from the 
forces generated by the impact of the central 
stream. Unfortunately , partial treatment of the 
aneurysm neck does not restore laminar flow to 
the lumen of the parent vessel. As a result , the 
shear stress generated at the junction between 
the aneurysm neck and the parent vessel re
mains. This shear stress can result in dissection 
and rupture of the aneurysm dome. Recurrence 
of an incompletely thrombosed aneurysm has 
been found in 1 7% of aneurysms treated by 
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Fig. 8. Results of tight aneurysm pack
ing with Guglielmi detachable coils after 
stent implantation (animal 3, group B). 

A, Digital subtraction angiography dem
onstrates complete obliteration of the aneu
rysm immediately after stent implantation 
(arrowheads) and coil packing (arrow). The 
coil mass does not bulge into the parent
vessel lumen. 

B, Nonstented aneurysm on the contra
lateral side. Digital subtraction angiography 
shows complete occlusion of the aneurysm. 
The coil mass is bulging into the parent 
vessel lumen, resulting in 75% stenosis (ar
rowheads) and irregular filling, indicating 
slow flow (small arrow) of the distal carotid 
artery . A small portion of a coil is seen within 
the parent artery, distally to the aneurysm A 
(arrow). 
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C, Digital subtraction angiography, oblique view, 5 weeks after treatment, demonstrates permanent occlusion of the stented aneurysm 
and approximately 35% stenosis of the stented portion of the parent artery (arrowheads). Note that on this oblique view, the aneurysm 
partially overlaps the carotid artery . 
D, Digital subtraction angiography, oblique view, of the nonstented aneurysm; coil mass is still narrowing the lumen of the parent vessel 
(arrow), but the flow within the artery returned to normal. The aneurysm is completely obliterated. 

detachable balloons (4). Rerupture of partially 
treated aneurysms also has been reported (7, 12, 
13). 

Complete thrombosis of a partially occluded 
aneurysm cavity could be facilitated if the mag
nitude and direction of the central blood-flow 
stream can be redirected away from the orifice, 
resulting in stasis within the aneurysm lumen. 
Strother et al (14) studied in detail the flow 
patterns within different kinds of experimental 
aneurysms. The flow within the body of a side
wall aneurysm consists of three distinct territo
ries: a distinct inflow stream entering the lumen 
at the distal aspect of the neck, an outflow zone 
corresponding to the proximal edge of the orifice, 
and vortex flow within the center of the sac. We 
found similar results in our experiments (Fig 3). 
Graves et al ( 15) concluded that modification of 
the flow within a side-wall aneurysm, either by 
blocking the inflow tract with coils or balloons, 
or by displacement of the inflow track from its 
characteristic location, can lead to thrombosis of 
the aneurysm cavity . 

Stent technology to treat cerebral circulation 
aneurysms offers a new alternative for isolating 
the aneurysm cavity from the blood flow in the 
parent vessel. The concept of intravascular stent
ing as an adjunct to intraluminar angioplasty was 
first proposed by Dotter and Judkins in 1964 
(16), and results of the initial experiments with 
the percutaneous introduction of an intravascular 
supporting device were reported by Dotter in 
1969 (17). Since 1983, different stent designs 

have been introduced and tested both experimen
tally and clinically (18-24). Stents currently used 
are designed to prevent elastic recoil of the dilated 
portion of an artery and to compress plaque and 
intimal dissection against the vessel wall. Stents 
become covered by endothelial layers during a 
period of 4 to 6 weeks after implantation provid
ing a smooth, nonthrombogenic surface (25). If 
categorized by delivery technique, stents may be 
regarded as balloon expandable (Palmaz, 
Strecker, and Gianturco-Robin) and self-expand
ing (Wall and Gianturco Z). Regardless of the 
design, the stent should resist radial force, afford 
a high expansion ratio, and offer low thrombo
genicity. In general, stents that expose less sur
face area of metal to the internal surface of the 
vessel are less thrombogenic. 

Significant clinical experience has been gained 
using stents for peripheral angioplasty within the 
past decade. Clinical trials using the Palmaz, 
Strecker, and Wall stents disclosed an initial tech
nical and angiographic success rate of more than 
90% for atherosclerotic disease of the iliac artery 
and angiographic patency rates from 70% to 
85% at 6 to 18 months for atherosclerotic disease 
of the femoropopliteal region. Using the Palmaz 
and Wall stents, 60% and 80% of stented renal 
arteries remained open at 6 months, respectively 
(26). The Palmaz-Schatz stent has been used 
extensively for coronary artery atherosclerotic 
disease with a reported restenosis rate of 20% to 
25% at 6 months (21, 27). Although the incidence 
of acute and subacute stent thrombosis can be 
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successfully reduced by systemic anticoagulant 
therapy (27, 28), late restenosis continues to limit 
the long-term success rate of intracoronary stent
ing. Late restenosis is related to a cellular prolif
eration within the vessel wall, stimulated by in
teractions between platelets adherent to the dam
aged intima, macrophages, endothelial cells, and 
smooth-muscle cells (28). The implantation of 
stents may induce this process either by initial 
intimal damage, resulting from inflation of the 
delivery balloon, or by continuous barotrauma, 
induced by an expanded self-expandable stent 
(28). 

Intraluminal endoprostheses of different de
signs have been used experimentally to exclude 
abdominal aortic aneurysms from the circulation 
(29). Devices included a polyurethane graft with 
a metal wire frame (30), Gianturco stents covered 
by porous nylon grafts (31 ), and Dacron grafts 
attached to Palmaz stents. The latter device was 
also used to treat human abdominal aortic aneu
rysms (32). Stents covered by porous nylon have 
successfully excluded aneurysms from the cir
culation. A renal artery, originating from the por
tion of the aorta, covered by such a stent re
mained patent, but histology revealed ischemic 
changes in the kidney supplied by the stent
covered artery (31 ). Scanning electron micros
copy demonstrated endothelialization of the por
tion of the Palmaz stent and the Dacron graft that 
were in direct contact with the arterial wall, but 
not the segment of the graft bridging over the 
aneurysm itself (32). 

The treatment of intracranial aneurysms rep
resents a different issue, because unlike aortic 
aneurysms, the majority of cerebral aneurysms 
are saccular rather than fusiform. In addition , the 
inadvertent occlusion of small-diameter side 
branches, arising in the vicinity of the aneurysm, 
may result in catastrophic consequences. Fur
thermore, most intracranial circulation aneu
rysms are located at bifurcations instead of on 
the lateral walls of arteries. However, the treat
ment of side-wall saccular aneurysms by placing 
intraluminal prostheses seems technically feasi
ble. Theoretically, reconstruction of the lumen of 
the parent vessel should redirect the blood flow 
away from the aneurysm cavity. Presently avail
able stents were designed for implantation in 
atherosclerotic segments of vessels after angio
plasty. Existing designs attempted to maximize 
vessel patency and to prevent thrombosis of side 
branches and of the parent vessel lumen. It seems 
illogical to assume that these devices would serve 
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to thrombose irreversibly the aneurysm cavity 
when placed adjacent to the orifice of an aneu
rysm. Rather than occlude the orifice, some 
stents could alter the inflow dynamics at the 
aneurysm orifice. 

In theory, the intraarterial implantation of a 
stent may lead to aneurysm thrombosis in four 
different ways. First, the portion of the stent 
placed across the distal aspect of the aneurysm 
orifice may block the inflow stream, resulting in 
stasis and subsequent thrombosis. Second, the 
presence of a fine mesh structure (stent) adjacent 
to the neck of the aneurysm may modify the 
characteristic flow pattern while displacing the 
inflow stream from its original track. This may 
result in aneurysm thrombosis (15). Third, the 
stent struts, covering the orifice of the aneurysm, 
represent a certain area of metal wires reducing 
the actual area of the orifice. It is known from 
the observations of Black and German (33) and 
the work of Geremia et al (34) that experimental 
side-wall aneurysms will not remain patent unless 
the sizes of the orifices exceed critical proportions 
of the volume of the sacs. Stents may induce 
aneurysm thrombosis by changing the ratio of 
aneurysm orifice-to-aneurysm cavity volume. Fi
nally , the placement of tantalum stents into ca
rotid arteries results in a dense fibrocellular reac
tion that causes a 40% to 50% reduction in the 
cross-sectional diameters of the vessels. This fi
brous hyperplasia could lead to occlusion of the 
aneurysm orifice. 

Successful treatment of experimental side-wall 
aneurysms by implantation of stents adjacent to 
the aneurysm orifices has been reported. In 1991 
Geremia et al reported near-complete occlusion 
of experimental carotid artery aneurysms in three 
mongrel dogs by placing Wall stents (Schneider, 
Minneapolis, Minn) adjacent to the aneurysm ori
fices (Geremia GK, Granato D, Raju S, Termin P, 
Charletta D, Embolization of Experimentally Cre
ated Aneurysms with Intravascular Stent Devices, 
presented at the 29th Annual Meeting of the 
American Society of Neuroradiology, Washing
ton, DC, 1991). One year later, Geremia et al 
reported complete occlusion of aneurysms using 
the same model and devices (Geremia GK, Haklin 
M, Charletta D, et al , Embolization of Experimen
tally Created Aneurysms with Intravascular Stent 
Devices, presented at the 30th Annual Meeting 
of the American Society of Neuroradiology, St. 
Louis, Mo, 1992). In another presentation, Gere
mia et al reported patency of side branches that 
came in contact with the stent (Geremia GK, Kim 
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TW, Haklin M, Brennecke L, Douglass J, Intra
vascular Stents: Effects on Branching Vessels 
Originating from a Stent Containing Parent Ar
tery , presented at the 30th Annual Meeting of the 
American Society of Neuroradiology, St. Louis, 
Mo, 1992). Wakhloo et al reported complete 
occlusion of three of five experimental aneurysms 
after treatment with balloon-expandable tantalum 
stents (Strecker ste11t, Medi-Tech) and of all 10 
aneurysms treated with nitinol stents (Medi-Tech) 
(35). They found up to 40% stenosis of the 
carotid artery after tantalum stent deployment 
and up to 15% reduction of lumen diameter after 
intraarterial placement of nitinol stents resulting 
from neointimal proliferation. Turjman et al (36) 
reported 100% occlusion of five side-wall canine 
carotid aneurysms after treatment with Strecker 
stents. 

In a previous series of experiments, we placed 
stents in seven canine carotid arteries harboring 
wide-necked aneurysms using 5/33-mm (six an
imals) and 4.5/25-mm (one animal) balloon-ex
pandable Strecker stents (Guterman LR, Szikora 
I, Wells KM, Hopkins LN, Treatment of Lateral 
Wall Vein Graft Aneurysms with Stents and 
Stents with Coils in Canines, presented at the 
43rd Annual Meeting of the Congress of Neuro
logical Surgeons, Vancouver, British Columbia, 
Canada, 1993). Of seven aneurysms, two re
mained open, one was completely occluded ini
tially and reopened in 1 week, three thrombosed 
partially, and one thrombosed completely. Three 
carotid arteries harboring two of the partially 
occluded and the one completely obliterated 
aneurysms thrombosed 1 week after stent place
ment. We found no progressive thrombosis after 
partial occlusion but rather reopening of initially 
occluded aneurysms. In contrast to previously 
published data , we concluded that the flow 
changes induced by tantalum stents do not result 
in permanent thrombosis of experimental wide
necked aneurysms. 

In the present study, we did not attempt to 
compare the capability of different stent designs 
to occlude aneurysms, or to assess the histologic 
changes, including intimal proliferation, induced 
by the device. The purpose of this study was to 
prove the feasibility of a technique that combines 
intraluminal grafting with endosaccular packing. 
We chose the commercially available Strecker 
balloon-expandable stent, which was reportedly 
successfully used to occlude side-wall aneurysms 
by other investigators (35, 36). In our experience, 
the intraarterial implantation of a Strecker stent 
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failed to occlude or displace the inflow stream in 
all four cases (Figs 3A and 3C). In these experi
ments, the aneurysm volume ranged from 132 
to 483 mm3

. We attribute the differences in 
volume to the surgical technique used to create 
the aneurysms. Gross pathologic measurement 
of the orifice found the diameter to be larger than 
6 mm in each case, and the area of the orifice 
ranged from 28.27 to 37.69 mm2

• The highest 
ratio between the aneurysm cavity volume and 
orifice area was 17.08, significantly less than the 
ratio of 23.6 that is critical to permanent throm
bosis, according to Black and German (15). The 
struts of the Strecker stent do not cover enough 
area adjacent to the aneurysm orifice to increase 
this ratio above the critical level, because per
manent thrombosis did not occur after stent 
placement. Although a dense neointimal prolif
eration resulted in stenosis of the parent vessel, 
neointimal proliferation did not occlude the stent 
mesh at the orifice. In one animal, a Tracker-18 
microcatheter was advanced into the aneurysm 
cavity through the mesh of the stent 2 weeks 
and 1 month after stent treatment (Figs 3C and 
30). 

Our previous experiments concluded that 
placement of a tantalum Strecker stent adjacent 
to the aneurysm orifice does not result in com
plete thrombosis. Therefore, we attempted to 
exploit the potential benefit of intraarterial stents 
as a device to reconstruct the lumina of the parent 
vessels adjacent to wide-necked aneurysms and 
to retain thrombogenic material in the aneurysm 
cavities. Initially, we felt that augmented pertur
bations of the inflow and outflow tract induced 
by stent placement might lead to aneurysm 
thrombosis. We theorized that placement of a few 
coils would be sufficient to induce aneurysm 
thrombosis. To test this hypothesis, we at
tempted to alter the inflow tract in the aneurysm 
without providing tight packing of the aneurysm 
cavity. 

In group A, one stented aneurysm was incom
pletely occluded by subtotal packing (Fig 7 A). 
After 28 days, the aneurysm failed to thrombose 
(Fig 7C). This failure indicates that alteration of 
the flow pattern within the sac would not result 
in thrombosis. We conclude that perturbing the 
inflow and outflow tracts does not result in throm
bosis. 

In group B, the tight packing of the aneurysm 
cavity resulted in complete obliteration of all 
stented and nonstented aneurysms (Fig 8A). In 
the nonstented aneurysms, tight packing of the 
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aneurysm cavities resulted in bulging of the coil 
masses into the lumina of the parent vessels. We 
were unable to measure the true luminal diame
ters of the parent arteries on the specimens and 
calculate the real magnitudes of the stenoses 
produced by bulging of the coil masses. However, 
histopathologic findings clearly confirmed that 
stents effectively prevented coils from protruding 
into the lumina of the parent arteries. The rough 
surfaces of the protruding coils and the associated 
hemodynamically significant stenosis of the lu
men of the parent vessel could act as surfaces 
for thrombosis and sources of emboli. In the 
canine model, the stenosis induced by the coil 
mass remained, but flow in the lumen of the 
parent vessel returned to normal (Fig 8D). We do 
not feel this phenomena would occur in humans 
and attribute this to the variation in clotting 
factors between humans and canines. 

This study was not designed to elucidate the 
possible complications of stents. Whether stents 
may serve as a source of emboli during the early 
period after implantation remains unknown. 
Reendothelialization of the inner surface of the 
stent (25) may prevent thromboembolic compli
cations a few weeks after implantation. Previous 
studies suggest that early stent thrombosis can 
be successfully avoided by systemic anticoagu
lation (27, 37).· Anticoagulation also may prevent 
the complication of distal embolization. 

The inclination of tantalum stents to induce 
fibrous hyperplasia, which results in vessel ste
nosis, significantly limits their possible clinical 
application within the intracranial circulation. In 
our study, intimal proliferation produced an ap
proximately 0.3- to 0.5-mm-thick neointimal 
layer covering the surface of the stents, resulting 
in a 35% to 40% reduction in the diameter of the 
parent artery. Such extensive narrowing of an 
intracranial artery is clearly undesirable. We at
tribute the magnitude of stenosis to the particular 
stent device used. The histologic findings in the 
stented carotid artery from the animal killed early 
indicate severe damage to the arterial wall in
duced by the inflation of the stent-delivery bal
loon. The injury caused by balloon inflation may 
initiate the process of intimal proliferation (28). 
The results of Wakhloo et al (35) indicate that 
stents of different designs and materials produce 
less intimal reaction and associated vessel ste
nosis. 

The ultimate goal of intracranial aneurysm 
treatment is complete exclusion of the aneurysm 
cavity from the circulation. This may be achieved 
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either by surgical clipping of the neck or by 
endovascular treatment that induces permanent 
thrombosis of the aneurysm cavity. For this treat
ment to be irreversible, reendothelialization must 
occur at the aneurysm neck. In our experiment, 
histopathologic analysis revealed the formation 
of organized thrombi that filled the entire aneu
rysm cavities only in those aneurysms that were 
completely occluded by tight packing with coils. 
Endothelial cells covered the luminal surfaces of 
the thrombus masses within the nonstented, 
completely occluded aneurysms. However, reen
dothelialization of the orifices cannot be con
firmed without serial sections to demonstrate that 
the entire areas of the orifices were covered by 
newly formed endothelia. Thin serial sections 
through the aneurysms that contained stents and 
coils proved cost-prohibitive and technically in
feasible. In addition, the endothelia were removed 
along with the stents from the stented arteries. 
More sophisticated histopathologic techniques 
are being developed to examine the aneurysm 
orifices in stented and coiled aneurysms. 

We conclude that Guglielmi detachable coils 
can be advanced into an aneurysm cavity through 
the mesh of an expanded Strecker stent. Our 
preliminary results indicate that tantalum stents 
do not promote complete aneurysm thrombo
sis-even if the aneurysmal sac is almost com
pletely packed with coils. These results should be 
confirmed by further experiments with more 
aneurysms in a larger animal series. However, 
this study shows that the combined use of intra
arterial stenting and endosaccular packing with 
coils is a feasible new treatment for wide-necked 
aneurysms, allowing tight packing of the aneu
rysm cavity without compromising the lumen of 
the parent artery. The use of different occlusion 
devices and embolic materials combined with 
intraarterial stenting is currently under evaluation 
in our laboratory. 
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