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We investigated tissue responses to endoskeleton stent grafts for saccular abdominal aortic
aneurysms (AAAs) in canines. Saccular AAAs were made with Dacron patch in 8 dogs, and
were excluded by endoskeleton stent grafts composed of nitinol stent and expanded
polytetrafluoroethylene graft. Animals were sacrificed at 2 months (Group 1; n = 3) or

6 months (Group 2; n = 5) after the placement, respectively. The aortas embedding stent
grafts were excised en bloc for gross inspection and sliced at 5 to 8 mm intervals for
histopathologic evaluation. Stent grafts were patent in all except a dog showing a
thrombotic occlusion in Group 2. In the 7 dogs with patent lumen, the graft overhanging
the saccular aneurysm was covered by thick or thin thrombi with no endothelial layer, and
the graft over the aortic wall was completely covered by neointima with an endothelial
layer. Transgraft cell migration was less active at an aneurysm than at adjacent normal
aorta. In conclusion, endoskeleton stent grafts over saccular aneurysms show no
endothelial coverage and poor transgraft cell migration in a canine model.
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INTRODUCTION

Stent grafts have been widely used for an arterial aneurysm or a
pseudoaneurysm, traumatic arterial rupture, arterial occlusion
and transjugular intrahepatic portosystemic shunt since Dotter
introduced a stent graft (1-9). However, stent grafts are usually
limited to the treatment of large arteries due to its thromboge-
nicity. Successful endovascular grafting requires endothelial-
ization covering graft as soon as possible, which prevents grafts
from subsequent thrombosis or excessive tissue formation. The-
oretically, endothelial cells were believed to come from artery
stems at anastomoses, perigraft capillaries or circulating cells
(10). Migration of endothelial cells from anastomoses to graft
was commonly observed in animal models, but its role has not
shown a meaningful role in humans (11, 12). Some reports doc-
umented the role of perigraft capillaries or circulating cells in
the endothelialization (13, 14).

The tissue reactions to stent grafts such as thrombosis or neo-
intima were previously reported using normal vessels or fusi-
form aneurysm models (15-22). Though endothelial cells cov-
ered grafts in a normal artery or aorta (15-19), grafts over fusi-
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form aneurysms did not show endothelial coverage (20-22). It
is still unclear whether the endothelialization may be different
between normal aorta and aneurysm in the same object. We
made a saccular abdominal aortic aneurysm model which had
both aneurysmal wall and normal aortic wall in the same axial
plane in canine, and investigated tissue responses along the stent
grafts after endovascular procedures.

MATERIALS AND METHODS

Preparation of saccular aneurysm model

Under a protocol approved by the Clinical Research Institute,
8 adult mongrel dogs of 20 to 25 kg body weight were used for
this experiment. Each animal was anesthetized with an intra-
muscular injection of 10 mg/kg ketamine hydrochloride (Keta-
ra; Yuhan Yanghaeng, Seoul, Korea) and xylazine hydrochloride
(Rompun; Bayer Korea, Seoul, Korea). The animals were me-
chanically ventilated with enflurane gas (Arylane; Illsung Phar-
maceuticals Co., Seoul, Korea) after endotracheal intubation.
Aneurysms were made with longitudinal incision of the abdom-
inal aorta and attachment of Dacron patch after laparotomy.
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The size of Dacron patch was 2.0 x 2.0 cm to 2.6 x 2.6 cm. One
week after the laparotomy, CT angiography with 3-dimensional
reconstruction was performed to confirm luminal patency of
the aneurysm and aorta, and to measure the aneurysm size (Fig.
1A). Mean length, depth, and width of the aneurysms were 21 +
4mm, 11 £ 1 mm, and 14 * 2 mm, respectively.

Preparation of stent grafts
A stent graft was prepared with a self-expandable stent (Niti-S
M-type; Taewoong Medical, Gimpo, Korea) and expanded
polytetrafluoroethylene (ePTFE) graft (Impra", C. R. Bard, Ariz.,
10 to 40 micron internodal distance) in an endoskeleton type
(Fig. 1B, C). The stent was made of 2 nitinol wires which were
wound on the mandrel through a series of interlacing and in-
terlocking patterns, and spiral mesh was created around the
circumference of the mandrel. Both ends of the wire were bend-
ed at the center of the stent. Both stent tips were coiled with
platinum wire for better visualization under fluoroscopy. The
stent was covered with ePTFE graft with bare areas at both ends,
and the stent and graft were sutured with Prolene 6-0 (Ethicon®).
The size of stent grafts was determined on the basis of CT an-
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giography performed a week after aneurysm preparation. Diam-
eter of stent grafts was 12 mm and length was 60 mm with prox-
imal and distal bare portions of 10 mm.

Endovascular procedure and imaging follow-up

Stent grafts were inserted a month after aneurysm preparation.
A 10-Fr femoral sheath was inserted through the right common
carotid artery. Heparin (100 units/kg) was injected intravenous-
ly to prevent procedure-related thrombosis before endovascu-
lar procedures. Through the sheath, the pre-loaded stent graft
system was introduced and the stent graft was placed to exclude
the saccular aneurysm. Angiography was performed to confirm
complete exclusion of the aneurysm immediately after stent
graft placement.

At 2 and 6 months after stent grafting, conventional and CT
angiography were performed to observe luminal patency of the
stent graft. The animals were euthanized with an overdose of
thiopental sodium (Pentothal; Choong Wae Pharmacy, Seoul,
Korea) after follow-up angiography; 3 animals at 2 months (Group
1), and 5 animals at 6 months (Group 2) after stent grafting.

Histopathological evaluation
Ten thousand units of heparin were administered intravenous-
ly just before euthanizing the animals to prevent thrombosis
while harvesting the aortic specimens. Abdominal aorta with
a stent graft was removed en bloc, flushed with heparinized sa-
line and fixed with 10% formalin solution. The fixed aorta was
cut longitudinally at the opposite side of aneurysm for visual
inspection of luminal patency and coverage. Inner surface of
the aorta was pictured with a digital camera, and the surface
area over the stent graft and the glossy white area without throm-
biwere calculated using a digital image analysis tool, Image Lab
(MCM DESIGN, Hillerod, Denmark, version 2.2.4).

After gross inspection, the aorta was transected at 5 to 8 mm

Fig. 1. An aneurysm model and an endoskeleton stent graft. (A) An abdominal aortic aneurysm is shown in CT an-
giography a week after laparotomy. (B, C) A self-expandable nitinol stent (B) is covered with ePTFE (C).
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intervals after manual removal of stent wires, which gave 12 to
20 sections per aorta. The transected slices were processed for
hematoxylin-eosin staining, Masson trichrome staining for col-
lagen, elastic fiber staining, Factor VIII-related antigen immu-
nohistochemical staining for endothelial cells, and smooth mus-
cle actin immunohistochemical staining.

We divided the aorta into 6 aortic segments; proximal nor-
mal aortic segment with bare stent (PS), proximal normal aortic
segment with stent graft (PG), aneurysmal side of the aortic seg-
ment of saccular aneurysm (AN) and anti-aneurysmal side of
the aortic segment of saccular aneurysm (A-AN), distal normal
aortic segment with stent graft (DG), and distal normal aortic
segment with bare stent (DS) (Fig. 2).

We calculated the maximum distance between the center of
the stent wire and the inner surface of the graft at AN and A-AN
to evaluate the distance between the stent and the graft. Single-
layered surface cells with brownish cytoplasm on Factor VIII-
related antigen immunohistochemical staining were defined to
be endothelial cells (23).

Thrombi in the excluded aneurysm were compared with lu-
minal thrombi at AN in terms of organization degree using he-
matoxylin-eosin, Masson trichrome and elastic fiber staining.
On 400-times magnified images, the organization of thrombi
were graded as following: Grade 1, no collagen and no fibro-
cytes; Grade 2, collagen and less than 50 fibrocytes; Grade 3,
collagen and 50 to 300 fibrocytes; and Grade 4, collagen and
over 300 fibrocytes.

Transgraft cell migration was evaluated in all aortic segments
covered by ePTEE graft. Spindle cells with brownish cytoplasm
in the graft were considered to be cells with myoid differentia-
tion on smooth muscle actin immunohistochemical staining.
On 400-times magnified images, transgraft cell migration was
graded as following: Grade 1, no collagen and no spindle cells;

A-AN DG DS

o

o

AN

Fig. 2. Schematic division of the aorta. The aortic specimen with a stent graft was
artificially divided into 6 segments for the histologic evaluation; proximal normal aor-
tic segment with bare stent (PS), proximal normal aortic segment with stent graft (PG),
aneurysmal side of the aortic segment of saccular aneurysm (AN) and anti-aneurys-
mal side of the aortic segment of saccular aneurysm (A-AN), distal normal aortic
segment with stent graft (DG), and distal normal aortic segment with bare stent (DS).
S, stent; SG, stent graft; Ao, aorta; P, proximal; D, distal.
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Grade 2, collagen and less than 10 spindle cells; Grade 3, colla-
gen and 10 to 50 spindle cells; Grade 4, collagen and over 50
spindle cells.

Statistical analysis

Wilcoxon sign ranked test was performed for statistical analyses
of the distance between stent and graft at AN vs A-AN using SPSS
(version 12.0, IBM Corp., NY, USA). Mixed model was used to
compare organization degrees of thrombi in an excluded aneu-
rysm vs at AN, and transgraft cell migration at each aortic seg-
ment covered by ePTFE. P value of 0.05 or less was used to de-
termine statistical significance.

RESULTS

Imaging follow-up

The stent grafts were successfully deployed in all animals, and
the angiography performed just after endovascular stent graft-
ing demonstrated complete exclusion of the aneurysms from
the aorta. Conventional and CT angiography at 2 months after
stent grafting demonstrated persistent exclusion of the aneu-
rysms, and luminal patency of stent grafts in all animals. There
was a mural thrombus showing a crescentic low attenuation on
CT (Fig. 3) along the inner surface of the stent graft overhanging
saccular aneurysm neck (AN) in 5 animals. The 6-month follow-
up angiography showed aortic occlusion (n = 1), more thicken-
ing (n = 1) and no significant interval change of mural thrombi
(n = 1), and no mural thrombi (n = 2).

Gross inspection

Thrombotic occlusion of the aorta was observed in an animal
of Group 2. The other 7 animals showed patent aortic lumens
which were covered by glossy white neointima or brownish
thrombi. Glossy white neointima covered 92% + 5% of inner

Fig. 3. Follow-up imaging after endovascular grafting. Thick tissue formation (arrow)
and crescentic low attenuation at AN are demonstrated in conventional (A) and CT (B)
angiography 6 months after grafting.
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surface of the stent grafts except at AN. In contrast, the inner
surface of the stent grafts at AN was covered with brownish thick
or thin thrombi in all 7 dogs (Fig. 4), and the stent wires were
floating in the aortic lumen above the brownish thin thrombi
(n=3).

Microscopic inspection

The distance between the stent and the graft was 1.15 + 0.64 mm
and 0.10 + 0.02 mm at AN and A-AN, respectively (P < 0.001).
The graft was in close contact with the stent at A-AN, whereas
the graft was bulged out toward the saccular aneurysm and
separated from the stent at AN.

The stent graft was covered by endothelial cells at all the aor-
tic segments except AN (Fig. 5). The stent graft at AN was par-
tially covered with a layer of cells which were not stained for
Factor VIII-related antigen and could not be regarded as true

endothelial cells.

Most thrombi were organized well in the excluded aneurysms,
and 78% of the thrombi were rated as grade 4. Grade 1, 2, and 3
thrombi were 1%, 1%, and 20%, respectively. In contrast, throm-
bi at AN were relatively fresh and 44% of the thrombi was rated
as grade 1 (Fig. 6). Grade 2, 3, and 4 thrombi were 26%, 13%,
and 17%, respectively. There was a significant difference in the
organization degree between thrombi in the excluded aneu-
rysms and at AN (P = 0.0024).

Transgraft cell migration was active at the normal aortic seg-
ments (PG, A-AN, and DG), whereas it was inactive at AN (P <
0.001) (Fig. 7). Some spindle cells in the graft were positively
stained for smooth muscle actin, but others were not. It suggests
that myoid differentiated cells coexisted with fibroid differenti-
ated cells in the graft.

Fig. 4. Morphometric analysis of neointima. There is a lack of glossy white neointimal coverage at AN (A). Glossy white neointimal coverage is demonstrated in 91% of the inner
surface of the stent graft where there is a layer of endothelium on microscopic inspection (B).

Fig. 5. Endothelialization of neointima. A layer of cells covers neointima in A-AN. The
cells are strongly reactive to Factor Vlll-related antigen and look brownish, which
means they are endothelia (Factor Vlll-related antigen immunohistochemical staining,
original magnification x 400).

http://dx.doi.org/10.3346/jkms.2012.27.10.1170

Fig. 6. Organization of thrombi. Relatively fresh thrombi (arrow) are seen along the
inner surface of the stent graft in AN while organized thrombi (asterisk) are seen in
the excluded saccular aneurysm (Masson trichrome stain, original magnification x 1).
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Fig. 7. Transgraft cell migration. (A) Cross section of the aorta at the level of aneurysm sac (Masson trichrome stain, original magnification x 1). (B, C) Magnified views of the
red rectangular block in (A). There are lots of collagen and numerous spindle cells (arrows) in the graft. It was rated as Grade 4. (D, E) Magnified views of the black rectangular
block in (A). There are little collagen and no spindle cell in the graft. It was rated as Grade 1.

DISCUSSION

Here, endovascular repair for a saccular aneurysm using endo-
skeleton stent grafts showed a regional difference in endothelial
cell coverage on the graft between the normal aortic segments
and aneurysm segment. At the aortic segments (PS, PG, A-AN,
DG, DS) where the stent graft was in close contact with the nor-
mal aortic wall, the stent graft was completely covered by glossy
white intima with a layer of endothelium even at 2-month fol-
low-up. In contrast, the stent graft at the aneurysm segment (AN)
was covered by brownish thrombi without any endothelial cells
up to 6 months after stent grafting, and only a layer of cells with
no Factor VIII-related antigen partially covered the thrombi.
These results are well correlated with previous studies about
tissue reaction to stent grafts placed in normal vessels or fusi-
form aneurysm models (15-22).

No endothelialization at the aneurysm segment seems to
lead poor organization of thrombi, which might resulted from
continuous recirculation between blood flow and thrombi. Suc-
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cessful endovascular grafting can be expected, when early en-
dothelialization of graft prevents thrombosis. Zhang et al. (10)
reported the possibility of permeable prosthetic graft to help
organization of thrombosis. Subcellular substances such as cy-
tokines and growth factors generated in perigraft tissues could
reach thrombi in the lumen and recruit endothelial progenitor
cells. Endothelial cell coverage by fallout mechanism also could
be based on the transmural transfer of the substances. In this
study, we did not patch any autograft over the Dacron which
can enhance the subcellular substances, so the poor transmu-
ral transfer of the substances might link to no endothelializa-
tion. In addition, immature endothelial cells shown at the an-
eurysm segment might be affected partly by poor transmural
transfer of the substances.

In a conventional surgery using interpositional PTFE graft,
both graft ends of 1 to 1.5 cm anchored to the aorta were endo-
thelialized, but the rest middle graft was not (24). Ombrellaro et
al. (25) reported that endothelialization in Palmaz balloon-ex-
pandable stent graft using ePTFE was significantly better than

http://dx.doi.org/10.3346/jkms.2012.27.10.1170
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those in interpositional PTFE graft. They hypothesized that plac-
ing a porous vascular conduit in contact with a high concentra-
tion of endothelial cells would enhance the potential for graft
healing. The native artery in close contact with stent grafts can
represent a suitable endothelial cell source and mediate cover-
ing the porous prosthetic grafts with endothelial cells (26). Here,
we could not find any difference in endothelialization between
the bare (PS, DS) and covered (PG, A-AN, DG) portions of the
stent graft. Virmani et al. (18) also reported the same result in
the study with a bare stent and an endoskeleton type of stent
graft. At the aneurysm segment (AN), there seemed to be no
endothelial cell source such as native artery to initiate endothe-
lialization.

The wide internodal distance of ePTFE used for this study
might facilitate transgraft cell migration. The stent graft com-
pletely covered by endothelial cells (aortic segments) had prom-
inent spindle cells and collagen suggesting active transgraft cell
migration. In contrast, transgraft cell migration at the aneurysm
segment where there was no endothelialization was much less
active. The gap between aneurysm wall and stent graft might be
a barrier against transgraft cell migration, and aneurysmal wall
made of Dacron could be a poor source of the cells.

The type of stent grafts could be another reason for absence
of endothelialization at AN. In endoskeleton stent grafts used
for this study, stent and graft were not tightly attached at the an-
eurysm segment, because the graft was sutured to the stent only
at its both ends, and the graft was free floating over the stent.
Therefore, the graft can blow out toward the aneurysm sac, and
the gap between the stent and graft can be detected as a small
sac collecting contrast material in conventional and CT angiog-
raphy. This might cause graft to move continuously in the pul-
satile aortic blood flow and make a turbulence flow between
the stent and graft. It might induce thrombosis and a poor pa-
tency rate shown in endoprosthesis where the graft material is
unsupported or loosely attached to the stent (27, 28).

Dacron patch can be another reason for absence of endothe-
lialization. The patch is a good material for creating the aneu-
rysm of intended size and shape. However, it does not allow
natural expansion of an aneurysm that can be found in a true
aneurysm, and it could have different hemodynamic features
after endovascular grafting and prevent endothelization over
the stent graft. Other aneurysm models using non-prosthetic
material such as allograft or autograft might produce different
results. Further investigations with different types of stent grafts,
graft materials and aneurysm models are warranted to investi-
gate factors affecting endovascular graft healing, and underly-
ing biological mechanisms.

In conclusion, stent grafts over saccular aneurysms in a ca-
nine model show no endothelial coverage and transgraft cell
migration. In the aspect of endothelialization created along the
graft, our saccular aneurysm model shows same results as pre-

http://dx.doi.org/10.3346/jkms.2012.27.10.1170

vious normal artery or fusiform aneurysm models. The differ-
ence in endothelialization between normal aorta and aneurysm
isreproduced in the same object.
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