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Abstract

Background: We investigated the clinical applications of
virtual intravascular endoscopy (VIE) in patients with
abdominal aortic aneurysms (AAA) treated by endovas-
cular stent grafting with a suprarenal component.
Methods: Thirty-four patients with AAA undergoing en-
dovascular stent grafting were included in the study (28
male, six female; mean age = 76 years). Helical com-
puted tomography (CT) scanning was performed within 1
week after stent graft implantation. All patients received
a Zenith/AAA endovascular graft with uncovered supra-
renal struts 2.5 cm long placed around the level of the
renal arteries. VIE images were created for each patient.
The follow-up periods ranged from 3 to 18 months
(mean = 8.3 = 3.7 months).

Results: Three of 34 celiac arteries, 22 of 34 superior
mesenteric arteries, 32 of 34 right renal arteries, and 30 of
35 left renal arteries were affected by the suprarenal stent
struts (wires) to different extents. VIE was able to dem-
onstrate the struts, arterial ostia, and the strut/ostia con-
figuration. Follow-up CT showed that al of these aortic
branches were patent.

Conclusion: Our preliminary experience has demon-
strated that VIE is anovel imaging technique to visualize
the three-dimensiona intralumenal relationship of the
aortic stent strutsto the arterial ostiain patientswith AAA
after suprarenal stent graft placement.
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In recent years, abdominal aortic aneurysm (AAA) repair
has been accomplished by using transfemoral insertion of
a stent graft [1-5]. The endovascular exclusion of infra-
renal AAA has gained wide acceptance among physicians
and patients alike. The potential advantages of endovas-
cular AAA repair have been reported at length and in-
clude decreased morbidity, mortality, length of hospital
stay, and lower overall treatment cost [6]. However, de-
spite the technical advances achieved in the past decade,
the application of endovascular AAA repair remains lim-
ited. Thisis at least partly due to the high proportion of
aneurysms with unsuitable aneurysm neck anatomy. A
suboptimal neck makes stent graft fixation difficult and
jeopardizes the durability of a successful repair. Place-
ment of an uncovered suprarenal component over the
renal artery ostia has been demonstrated to improve the
fixation of stent graft and reduce the incidence of proxi-
mal endolesaks in patients with short and difficult aneu-
rysm necks [7].

Mismatch of the size of the stent graft and the aorta
may result in a lack of aneurysm exclusion; therefore,
accurate measurements are crucial [8]. Helical computed
tomographic angiography (CTA) is generally accepted as
the preferred imaging technique for preoperative assess-
ment and the follow-up of patients undergoing treatment
with stent graft implants [9, 10]. CT volumetric acquisi-
tion has been complemented by the parallel devel opment
of image processing and visualization methods to creste
high-quality images including three-dimensional (3D)
representations of anatomic structure [11]. These are mul-
tiplanar reformatting, maximum intensity projection
(MIP), and virtual endoscopy (VE). The former two re-
construction methods are commonly used to make preop-
erative measurements [9, 12]. VE is arecently developed
3D technique that can present internal views of image
volumes by using a combination of surface shading and
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3D perspective. Results of previous investigations have
suggested that VE could play a role in the preoperative
planning of surgery for AAAs and postoperative fol-
low-up [13, 14]. However, to our knowledge, an investi-
gation of virtual intravascular endoscopy (VIE) in evalu-
ating the relation of the suprarena stent strut to the
arterial ostia has not been performed. We report our
preliminary experience of the application of VIE in pa-
tients with AAA after suprarenal stent graft placement.

Materials and methods
Patients and scanning protocol

Thirty-four patients (28 men, six women; age range =
63-84 years, mean age = 76 years) who underwent
endovascular repair of AAAs were included in the study.
Patient assessment was performed by an interventional
radiologist and a vascular surgeon with the use of CTA.
CTA was performed on a Philips AV-E1 CT scanner in a
single breath-hold technique with a beam collimation of 5
mm, a pitch of 1.0, and areconstruction interval of 2 mm.
Contrast enhancement was given to al patients to a total
volume of 100 mL, aflow rate of 2 mL/s, and ascan delay
of 30 s.

Sent graft and implantation

Suitable patients were treated with a Zenith/AAA endo-
vascular stent graft (Cook Europe, Denmark) with uncov-
ered suprarenal struts. The suprarenal struts consist of
metal barbed wires with alength of 2.5 cm placed across
the rena arteries, with the intention of taking advantage
of the better fixation available at the relatively good
quality aorta found around these ostia. All procedures
were performed in the operating theater by a collaborative
team of vascular surgeons and interventional radiologists.
The position of the stent and renal artery patency were
confirmed by intraoperative fluoroscopy and angiogra-

phy.

Virtual intravascular endoscopy
Generation of VIE images of the aortic lumen

VIE images were generated with commercia software
(Analyze AVW 3.1, analyzedirect.com) running on aunix
workstation (Sun Microsystems, Mountain view, CA,
USA). The CT data were prepared for VIE by removing
the contrast-enhanced blood from the aorta with a CT
number thresholding technique. A CT number threshold
range was identified using three regions of interest (ROI)
measurements, as shown in Figure 1. Figure 1 A—C shows
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the locations chosen to be representative of the CT num-
ber range of contrast-enhanced blood, i.e., the renal ar-
tery, aneurysm body, and aortic bifurcation. Figure 1D
shows a graph of the average CT number at the three ROI
locations as indicated in Figure 1 A—C. For each patient
these three measurements were averaged to produce the
threshold value applied to remove the contrast-enhanced
blood. Figure 1E shows a surface-shaded caudal view of
a CT dataset with the CT number threshold applied. Note
that the contrast-enhanced blood has been removed from
the major vessels. Also, because of the threshold value
chosen, bone information aso has been removed, al-
though this does not affect the production of intralumenal
views. Because of the threshold chosen to show the lumen
surface, the metal stent struts are also removed.

Generation of VIE images of the aortic ostia and stent
combined

The CT number of the stent strut in Zenith aortic stentsis
much higher than that of contrast-enhanced blood. There-
fore, different threshold ranges are required to generate
VIE images of an aortic stent and lumenal structure. First,
a low threshold range, eg., —1200 to 150 HU, was
applied, which removed the contrast-enhanced blood
from the aorta. Second, a higher threshold range, e.g., 500
to 2000 HU, was applied to visualize the wire struts only,
excluding enhanced blood and lumenal structures. The
two individual virtual endoscopic images of lumen and
wire were added numerically together, producing a com-
bination of the aortic stent and the aortic lumen (Fig. 2).
The registration of lumen and strut images was achieved
by using exactly the same viewing coordinates. Figure 2A
shows that the left renal ostium was generated with the
lower threshold of —1200 HU and the upper threshold of
120 HU to include all the soft tissue and lumen structures
and exclude high-density structures such as contrast-en-
hanced blood and the stent strut. Figure 2B shows the
virtual endoscopic image of a stent strut generated by
applying a lower threshold of 500 HU and an upper
threshold of 2890 HU to include only the high-density
metallic struts. Figure 2C shows the VIE combination
image in which it is possible to determine the 3D relation
of the strut to the ostium. Figure 2C demonstrates direct
encroachment of the renal ostium by a stent strut.

Characterization of stent strut/ostia configuration

We characterized the configuration of the stent strut and
the ostia into three types. Figure 3A shows diagrammat-
ically two regions within the artery named central (C) and
peripheral (P). These characterizations were used because
blood flow in the center of an artery is greatest and
slowest at the periphery of the vessel lumen (Fig. 3B). If
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the strut crossed the central one-third of the ostium, the
configuration was designated C; if the strut crossed the
outer two-thirds of the ostium, it was designated P. If the
strut did not appear to encroach on the ostium, it was
designated no impact (N).

Results

VIE findings of the 3D relation of the stent wire to the
ostia

VIE images were successfully generated in all patients
and showed the relative positions of the stent wire and

Fig. 1. Method of obtaining VIE images by removing contrast-en-
hanced blood from the abdominal aorta. A—C Three locations were
chosen to measure attenuation of the contrast medium at the level of
the renal artery, body of the aneurysm, and aortic bifurcation. D
Graph shows CT attenuation value at each location and the average
vaue. E After applying the CT number threshold, contrast is re-
moved from the aorta and endolumenal flythrough can be performed
(arrow).

renal ostia. The time for creation and analysis of VIE
images ranged from 20 to 30 min including threshold
measurements and production of combination images. A
total of 34 celiac arteries, 34 superior mesenteric arteries
(SMA), 34 right rena arteries, and 35 left renal arteries
were evaluated on VIE. An accessory renal artery was
found to arise from the left side of the aortain two cases
and from the right side in one case. One patient had a
previous right nephrectomy and another had a hypoplastic
left kidney with no observable renal artery.

The configuration of the strut and ostia was easily
identified in 30 patients (Figs. 4—6), whereas image qual-
ity was suboptimal in the remaining four cases). Thiswas
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due to inappropriate contrast enhancement in two (mean
CT attenuation of the abdominal aorta < 100 HU) and
angulation of the aneurysm neck in another two cases.

Visualization of the stent strut and its spatial relation
to the ostia

Table 1 shows the number of the arterial ostia affected by
stent struts and the configuration of stent strut/ostia ob-
served with VIE. Nearly al of the celiac ostia were not
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Fig. 2. A—C Method of generating VIE image of the aortic stent and
renal ostium.

affected by the placement of the stent graft due to its
distal location above the other three branches. In contrast,
more than half of the SMA ostia were encroached by
struts to various degrees. For renal ostia, only seven of 69
were unaffected. Table 1 also shows the number of struts
crossing the aortic branch ostia. More than half of the
ostia (49 of 87) were crossed by multiple struts. It was
difficult to evaluate exactly the extent of coverage of the
ostia by the struts because the wire diameter was overes-
timated on CT. The actual wire diameter was 0.4 mm,
which when measured on CT ranged from 1to 2 mm. The
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Fig. 3. A Shows the three regions used to characterize the position of the stent wire across the ostium. B shows laminar blood flow inside an arterial
vessel.

Fig. 4. A shows the left renal ostium crossed centrally by one stent strut, and B shows the SMA crossed centrally by multiple struts. Arrows indicate

the arterial ostium in each image.

overestimation of the struts was caused by the point
spread function inherent in CT scanning of small, high-
contrast objects.

Follow-up CTA demonstrated that al of the stent-
affected aortic branches were patent with no apparent
stenosis or occlusion. Follow-up ranged from 3 to 18
months, with a mean period of 8.3 £ 3.7 months.

Discussion
Investigative studies of VIE in pre- and postoperative

evaluations of AAAs have been performed [13-17]. It has
been suggested that VIE may play arole as a diagnostic

tool in endovascular practice. Although VIE has been
used to visualize aortic stents in situ, the relation of stent
struts to aortic ostia has not previously been demonstrated
and required investigation. We believe this could be a
potential, valuable application of VIE in aortic stent graft-
ing.

Two of the potential complications of suprarenal stent
grafting are the reduction of the cross-sectional areaof the
vessel ostia by a stent strut and the deposition of endo-
thelial cells with matrix or neointimal hyperplasia around
the stent [18]. The SMA, celiac axis, and renal arteriesare
physically close and normally spaced within 2 cm of each
other. It has been reported that nearly 50% of the patients
who undergo endovascular repair with a suprarenal com-
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Fig. 5. The right rena ostium affected peripherally by (A) one stent strut and (B) multiple struts. Arrows indicate the right rena ostia.

Fig. 6. A and B show no apparent effect on the SMA and the celiac axis, respectively. The celiac axis appears to be partly crossed on this image
due to the overestimation of stent thickness. Arrows indicate the SMA and arrowheads point to the celiac axis.

ponent had most of these visceral branches affected [19].
Our VIE findings in 34 cases supported this observation.
Of 137 arteria ostia evaluated in our study, 87 (64%)
ostia were affected by struts, and 62 of 87 (71%) were
renal ostia From our observations we noted a range of
configurations with which the stent strut may affect the
ostia, indicating the random nature of the stent placement.

Figure 3B shows the laminar nature of blood flow
within an artery where the greatest vel ocities are observed
a the center of the vessel, with lower velocities at the
periphery. We postulate that struts affecting the center of
an ostium will have the greatest effect on blood flow.
Table 1 shows that more than half of the renal ostia (32 of
62) were affected, as shown in configuration (C), and by
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Table 1. Characterization of stent strut/ostia configuration and the
number of stent wires crossing the ostia

Arteria ostia Characterization n stent wires
of strut/ostia configuration crossing the ostia
C P N Single Multiple
Celiac 1 2 31 2 1
SMA 15 7 12 4 18
Left rena artery 16 14 5 16 14
Right renal artery 16 16 2 16 16

C, central; N, none; P, peripheral; SMA, superior mesenteric artery

multiple stent struts (30 of 62) based on VIE findings.
Further studies are required to determine whether there is
any significant difference in blood flow due to the ob-
served configurations of stent strut and ostia.

It has been suggested that a long-term effect may be
the deposition of neointimal hyperplasia around stent
struts that may affect renal blood flow. However, clinical
and experimental studies have suggested that the impact
on the renal ostia or renal blood flow depend mainly on
the type of stent graft used [20—27]. Using a porcine
model, Malina et a. [21] showed that, where aortic stents
crossed the renal ostia, there was no effect on renal blood
flow in the acute setting. Similar results were reported by
Ferko et a. [22] in experimental and clinical experiences.
Chronic transrenal stent implantation for up to 36 months
in dogs has supported these observations [22, 28]. How-
ever, other investigators found that some types of aortic
stents might compromise renal perfusion secondary to
neointimal formation [20, 26]. It has been reported that
the neointima develop around struts crossing the renal
ostia from Strecker, Memotherm, and Palmaz stents, with
a mean area coverage as high as 43 = 30%. Therefore,
data derived from examining one stent type may not apply
to another model. The Zenith/AAA stent graft used in our
study has not been reported to affect renal perfusion or
function, although the long-term effect on the renal blood
flow is not well established. The benefits and complica
tions of suprarena stent need to be explored systemati-
cally and VIE may be a valuable technique in this area.
We are currently assessing medium- to long-term renal
function in this group of patientsto compare those arteries
with strut encroachment with those that are clear.

Our study has revealed intralumenal information con-
cerning the relation of aortic struts to arterial ostia that
cannot be obtained by any other imaging method. Con-
ventional angioscopic examination in patients is not prac-
tical and routine CT examination does not reveal this
detail of information. Its value as a research tool may yet
be realized. With the advent of fenestrated stent grafting
(where suprarena aortic aneurysms can be treated by
leaving a gap in the graft material to allow passage of
stents from the graft into the visceral and rena arteries),
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the ability of VIE to assess the exact relation of the ostia
and cross-sectional appearances may allow arolein plan-
ning.

Conclusion

We have presented our preliminary experience of VIE in
patients with AAA undergoing suprarenal stent graft
placement. VIE was found to be a novel technique in
demonstrating the 3D relation of suprarena stents to the
arterial ostia within the aorta. Intralumenal information
provided by VIE may aid practitioners in accurately as-
sessing the degree of encroachment of suprarenal struts
on the rena and other visceral ostia. This would allow
accurate correlation with clinical and biochemical find-
ings. In addition, with fenestrated stent—grafting emerg-
ing, arole for VIE in graft planning may evolve.
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