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Evaluation of a Second-Generation Self-
Expanding Variable-Porosity Flow Diverter

ORIGINAL | . )
researcH | in @ Rabbit Elastase Aneurysm Model
C.N. lonita BACKGROUND AND PURPOSE: The self-expanding V-POD is a second-generation flow-diverting device
S.K. Natarajan with a low-porosity PTFE patch on a self-expanding microstent. The authors evaluated this device for
W. Wan the treatment of elastase-induced aneurysms in rabbits.
- g
L.N. Hopkins MATERIALS AND METHODS: Three V-POD types (A, circumferential patch closed-cell stent [n = 9]; B,
E.l. Levy asymmetric patch closed-cell stent [n = 7]; and C, asymmetric patch open-cell stent [n = 4]) were
o evaluated by using angiography, conebeam micro-CT, histology, and SEM. Aneurysm flow modifica-
A.H. Siddiqui tions were expressed in terms of immediate poststent/prestent ratios of maximum CA volume
D.R. Bednarek entering the aneurysm dome tracked on procedural angiograms. Flow modifications were correlated
S. Rudin with 4 weeks' follow-up angiographic, micro-CT, histologic, and SEM results.

RESULTS: Mechanical stent-deployment difficulties in 4 aneurysms (1 type A; 3 type B) led to
suboptimal results and exclusion from analysis. Of the remaining 16 aneurysms, 4-week post-
treatment angiograms showed no aneurysm filling in 10 (63%), 3 (~19%) had no filling with a small
remnant neck, and 3 (~19%) had <0.25 filling. Successfully treated aneurysms (n = 16) demonstrated
an immediate poststent/prestent CA maximum volume ratio of 0.13 + 0.18% (0.0%-0.5%). Favorable
contrast-flow modification on immediate angiography after deployment correlated significantly with
aneurysm occlusion on follow-up angiography, micro-CT, and histology. The occlusion percentage
derived from micro-CT was 96 * 6.8%. Histology indicated advanced healing (grade =3) in the
aneurysm dome in 13 of 16 cases. SEM revealed 15 of 16 stents in an advanced state of
endothelialization.

CONCLUSIONS: This study showed the feasibility and effectiveness of V-POD for aneurysm healing in

a rabbit elastase model.

ABBREVIATIONS: AVS = asymmetric vascular stents; CA = contrast agent; ECM = extracellular
matrix; IA = intracranial aneurysm; PTFE = polytetrafluoroethylene; SEM = scanning electron
microscopy; V-POD = variable-porosity flow diverter

mple evidence exists that IA development is due to altered

hemodynamics at the parent vessel-aneurysm ostium.'~
Endovascular flow-diversion technology” aims to redirect
flow away from the aneurysm ostium, thus reconstructing the
parent vessel (via an internal endovascular aneurysmal seg-
ment bypass) without the use of endosaccular occlusive de-
vices (ie, coils). Flow-diverting stents change the physiology by
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reducing aneurysm inflow jets, vorticity, and wall shear stress
and providing a scaffold and stimulus for neointimal tissue
formation across the aneurysm ostium, thereby altering the
biology of the aneurysm—parent vessel complex.*™®

Currently tested flow-diverting devices are uniform-po-
rosity high-surface-area-coverage braided stents designed to
provide enough flow redirection and endovascular remodel-
ing to induce aneurysm thrombosis with or without the use of
additional endosaccular occlusive devices. Large or giant an-
eurysm size or the presence of intra-aneurysmal thrombus,
both of which are factors typically associated with coil-treated
aneurysm recurrence, do not appear to be issues with flow-
diverting devices. The theoretic basis behind flow-diverting
devices is that once the diseased segment is reconstructed and
the device is fully endothelialized,” the aneurysm and the dis-
eased vessel segment may be considered “definitively” treated,
with the typical aneurysm recurrence or regrowth mecha-
nisms being essentially eliminated. The current experience
with flow-diverting devices is very limited, and this concept
needs to be proved by further studies. In addition, as a purely
extrasaccular treatment strategy, no direct catheterization or
aneurysm sac manipulation is required, possibly reducing the
likelihood of procedural rupture and potentially improving
the safety of endovascular IA treatment, especially in small
blisterlike aneurysms.

Although it has been shown that flow-diverter pores are
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large enough to allow continued perfusion of branch vessels
and perforators,” perforator and branch occlusion has been
reported, with neurologic deficits.® Use of these flow devices
for the treatment of basilar bifurcation aneurysms caused
complications in 25% of cases due to late ischemic events af-
fecting perforating arteries that occurred after flow diverter
implantation.”"" In addition, postprocedural aneurysm rup-
ture has been observed with low-porosity flow diverters.'”
These complications could be avoided, theoretically, by hav-
ing a device with variable porosity, with low porosity at the
aneurysm ostium for flow diversion and high porosity at other
regions to preserve perforators and branch vessels.

The concept of using AVS has previously been reported.*”
These devices are high-porosity balloon-mounted stents con-
taining an asymmetric low-porosity patch and are deployed so
that the patch covers the defect in the parent vessel at the
aneurysm ostium. In conjunction with the increasing use of
self-expanding intracranial microstents, we designed a sec-
ond-generation device, a V-POD (made of nitinol), and tested
this device in an elastase-induced rabbit aneurysm model. Our
intent was to improve the previous stent design and to deter-
mine the feasibility of deploying these devices and whether this
device could achieve adequate flow diversion and aneurysm
healing.

Materials and Methods

Stent Designs and Platform
Three V-POD types were used in this study: Type A was made by
adding a low-porosity section (patch) around the entire device cir-
cumference on a closed-cell design platform (Fig 1A); type B had the
patch covering only a partial device circumference on a closed-cell
platform (Fig 1B); and type C, which was used only in a few cases, was
similar to type B but on an open-cell platform (Fig 1C). The type A
stent required placement precision only in the transverse direction
relative to the aneurysm orifice and needed 2 platinum radiopaque
markers for precise localization of the low-porosity region. Types B
and C required placement precision in the transversal and azimuthal
directions; localization of the low-porosity patch can be achieved by
using a set of 4 markers arranged in a quadrature.'” Type A was de-
signed for aneurysms without perforators in the immediate circum-
ference of the aneurysm-bearing parent vessel; types B and C were
designed for aneurysms with perforators in that same region.

The devices were designed, by using AutoCAD software (Au-
todesk, http://usa.autodesk.com), to be similar to current commer-
cially available intracranial self-expanding microstents. They were cut
in a laser machine shop (Laserage, Waukegan, Illinois) by using ni-
tinol tubing (Ni-Ti Tubes, http://www.ni-ti.com/about.shtml) with
100-uwm wall thickness. After the devices were machined, they were
heat-shaped to a 4-mm expanded diameter and then electropolished
by using commercially available chemicals (RD-Chemical, http://
rdchem.com).

The electropolished devices were coated by using a polymer,
poly(MPC, ;-co-BMA, ,) (NOF Corp, Tokyo, Japan)'* to decrease
the chance of in-stent restenosis and friction between the stent and
catheter during delivery. Finally, hydrophilic, 0.45-uwm pore size, 80%
porous, and 65-um thick PTFE patches (Millipore, http://www.
millipore.com) were attached onto the stents by using ChronoFlex
(AdvanSource Biomaterials,

AR polyurethane Wilmington,

Massachusetts).
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Aneurysm Creation and Stent Placement

Procedures were approved by the Animal Care and Use Committee at
the authors’ institution and were conducted according to Animal
Welfare Act guidelines. Twenty New Zealand white rabbits (mean
weight, 3.2 = 0.75 kg; range, 3-3.5 kg) underwent right carotid artery
elastase model aneurysm creation.'® The aneurysms were treated 3
weeks later. After treatment, the rabbits were placed on antiplatelet
medication (aspirin, 5 mg per kg per day). Follow-up angiography
was performed 4 weeks’ posttreatment, after which the aneurysms
were explanted.

The femoral artery was accessed after a cut-down with a 5F intro-
ducer sheath. With road-mapping, a high-support 0.014-inch
Choice-PT guidewire (Boston Scientific, Natick, Massachusetts) was
advanced to the subclavian artery. A preloaded catheter (partially vis-
ible in Fig 1) containing the V-POD was advanced to the aneurysm
location. At the beginning of the study, we used 5F stent catheters. As
we improved our stent and delivery design, we were able to use
smaller 3.5F catheters. A high-resolution roadmap was acquired with
a region-of-interest microangiographic detector to facilitate precise
stent placement.'>'¢ This detector has a 4-cm FOV with 35-um pix-
els, is attached onto the angiographic C-arm, and is used whenever
high resolution is needed over a small region of interest. The stent-
containing catheter was advanced over the aneurysm ostium by using
the markers on the patch as references. Under roadmap, the catheter
position was adjusted until the patch faced the aneurysm orifice.

For type A stents, the catheter was adjusted such that the 2 markers
indicated by the 2 solid black arrows in Fig 1 spanned the aneurysm
ostium entirely; the azimuthal position was not important. For types
B and C, the catheter was positioned such that proximal and distal
platinum markers were adjacent to and spanned the entire aneurysm
ostium, while the middle platinum markers were overlapping or
placed at the same distance from the aneurysm orifice. If the imaging
plane was not quite parallel to the catheter, the middle markers were
slightly separated axially; however, if the lateral distance to the aneu-
rysm ostium was the same, the patch faced the orifice. The azimuthal
position was adjusted by rotating the microcatheter containing the
stent. After each slight rotation, the catheter was moved slightly back
and forth to release strain due to friction. A stent pusher was then
advanced against the stent; the outer stent-containing catheter was
pulled back until the stent was unsheathed.

The initial study plan was to successfully treat 20 elastase aneu-
rysms with different asymmetric stents, approximately equally dis-
tributed between asymmetric and circumferential types. At the time
of the investigation, there were 2 stents (open- and closed-cell) of each
kind (asymmetric and circumferential); the interventionists could
choose any of these. Initially, open-cell circumferential stents (type C)
were used, but interventionists soon opted for a closed-cell design
(stent types A and B), which was much easier to deploy in comparison
with the open-cell design.

Angiographic Data Analysis

Changes in CA flow in the aneurysm dome before and immediately
after stent placement were assessed via angiography by tracking the
amount of CA entering the dome. The maximum CA amount enter-
ing the aneurysm dome was normalized to the CA-measured bolus
passing through the parent vessel'” to eliminate variation due to in-
jection parameters. Both pre- and poststent normalized maximum
CA values were measured as percentages of the total bolus injected,
and an immediate poststent/prestent ratio was calculated. The ratio is
a direct measure of flow reduction in the aneurysm sac after device



Type A

Type B

Partially Deployed

Fully Deployed

Fig 1. A—C, Self-expanding V-POD devices. Upper: Photographs of the 3 types of these stents. Lower: Angiograms showing deployment of types A and B. Type A contains a sleeve (PTFE
patch) approximately 4—5 mm wide covering the central part of the stent; types B and C have a patch covering only a given stent region. Types A and B have a closed-cell structure, whereas
type C has an open-cell structure. In the photographs, black arrows indicate the platinum markers used to guide the stents during the procedure and dotted arrows indicate the marker

position not visible in photographs. Modified with permission from lonita et al."”

deployment. On the basis of previous reports,™'® flow diversion was
considered successful when the maximum CA immediate poststent/
prestent ratio was <1.

CA flow measurement in angiograms is severely affected by vari-
ations such as catheter position, x-ray parameters, and body position.
These parameters generally do not change between prestenting and
immediate poststenting angiograms, at least with imaging of this an-
eurysm model, but they may change at 4 weeks’ follow-up. Thus,

instead of measuring CA flow at 4 weeks, we graded the follow-up
angiograms on the basis of the aneurysm filling with contrast com-
pared with the prestenting angiographic run by using the following
scale: 0) aneurysm was completely filled; 1) <0.75; 2) <0.50; 3)
<0.25; 4) no filling but exhibiting some remnant neck; and 5) no CA
flow in the aneurysm dome or neck (total occlusion).

The degree of occlusion was graded independently by 2 authors
(C.N.I, S.K.N.). Because of the possible variability in differentiating
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angiographic aneurysm occlusion, if there was a discrepancy between
grades assigned by the 2 observers, they discussed the issue and a third
observer (S.R.) assigned the final occlusion category.

Conebeam Micro-CT Analysis

At 4 weeks’ follow-up, aneurysms were fixed by pressure perfusion;
then they were explanted and stored by using a solution of 2.5%
glutaraldehyde and 2% of 0.9 neutral-buffered formalin in 0.1 mol/L
of sodium cacodylate (Polysciences, Warrington, Pennsylvania). An-
eurysm samples were dissected, and tissue was removed down to the
arterial wall under microscopic visualization and connected to an
air-flow circuit for 1-2 minutes to replace the fixation solution with
air for better CA visualization during conebeam micro-CT scan-
ning.'” The 3D volume obtained from the micro-CT data was then
imported into a Vitrea Workstation (Vital Images, Minnetonka, Min-
nesota), and the thrombosed volume relative to the total aneurysm
dome volume was calculated.

An operator examined every fourth section of the CT scan on the
axial and transverse images (with respect to the aneurysm dome) and
outlined manually first the aneurysm dome sample and then the non-
thrombosed volume. The dome included the vessel wall starting from
the ostium of the parent artery to the apex of the aneurysm and thus
included the entire aneurysm (dome and neck). The percentage of the
total aneurysm volume occlusion was further calculated. Despite the
high micro-CT resolution (45 wm), there was an error associated with
the manual selection of a boundary; hence, we refer to this measure-
ment as an approximation.

Histologic Analysis

Aneurysms were excised along with the parent vessel, processed, em-
bedded in paraffin, and cut into 2-um-thick sections taken from the
aneurysm midpoint in the coronal orientation (same direction as the
parent artery) by using a rotary microtome (HM355S; Microm Inter-
national, Walldorf, Germany). Slides were stained with Masson
trichrome to determine the collagen deposition. A grading scale rec-
ommended by Dai et al?® was used to evaluate the presence of orga-
nized thrombus in the aneurysm dome and neck area: 0) fresh blood
clot or no thrombus, 1) organized thrombus in less than one-third of
the area, 2) organized thrombus in one-third to two-thirds of the area,
3) organized thrombus in more than two-thirds of the area, 4) com-
pletely organized loose thrombus, and 5) completely organized atten-
uated fibrous tissue.

SEM

SEM was performed on all stented-artery specimens: The arterial
trunk was longitudinally cut opposite the aneurysm ostium. The
stented vessel walls were opened and dehydrated in ethanol (70%-—
100%), and then they were dried with hexamethyldisilazane (Poly-
sciences). Parent vessel SEM was performed for an “in-vessel” surface
view, by using a field-emission scanning electron microscope (Hita-
chi 9000, Pleasanton, California). Endothelialization was evaluated at
stent ends and over the PTFE patch. A 0—3 scale was assigned to
quantify the degree of endothelialization: 0) no cell coverage; 1) par-
tial coverage with ECM and endothelial cells, 2) full coverage with
ECM and endothelial cells, and 3) full coverage with endothelial cells.

Statistical Analysis
The total number of treated aneurysms and the division into separate
groups were selected to be similar to those in previous publica-

3,6,21

tions to maximize resources while providing acceptable statisti-
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cal power. Data are presented as mean * SD (range) for continuous
variables such as pre- and poststent normalized maximum CA and
total aneurysm volume and as median and frequency for ordinal vari-
ables such as follow-up grade, histology, and SEM grades. Statistical
analysis was performed by using InStat (GraphPad Software, La Jolla,
California). The Spearman correlation coefficient and Student ¢ test
assuming equal variances were used to determine statistical signifi-
cance or correlation among different parameters (eg, aneurysm ge-
ometry, angiographic measurements, and conebeam micro-CT and
stented-artery specimen histology). The Fisher exact test was used for
2-stent group comparison (A versus B and C). Significance was de-
fined as P < .05.

Results

Procedural Results

Geometries and parent vessel diameter measurements of the
created aneurysms were 2.5 = 0.6 mm (range, 1.9-3.1 mm)
for the parent vessel, 2.4 = 0.9 mm (range, 1.6-5.1 mm) for
the aneurysm ostium, 4.7 = 2.1 mm (range, 2.4—11.4 mm) for
the aneurysm dome, and 2.0 * 0.4 (range, 1.2-2.7) for the
dome-to-ostium ratio. Type A stents were used in 9 aneu-
rysms; type B, in 7; and type C, in 4. A comparison of group-
wise aneurysm geometry measurements by using the Student
test yielded a P value > .05, indicating no significant correla-
tion among the 3 groups of stents.

The type A stent required approximately 1 minute to align
and deploy, once the stent was brought to the aneurysm loca-
tion. Types B and C required between 3 and 5 minutes to align
and deploy. The most challenging part of the deployment was
roadmap mismatching with the anatomic structures due to
the location of the aneurysm in an area surrounded mostly by
soft tissue. During alignment and deployment, the interven-
tionists injected a small amount of contrast material to verify
the aneurysm location.

Mechanical delivery problems were encountered in 4 of 20
aneurysms (1 type A stent and 3 type B). The single type A
stent failure was due to incomplete stent expansion that was
not observed at the time of deployment and caused partial
vessel occlusion. The 3 delivery problems with type B stents
were most probably due to excessive electropolishing and ra-
dial stent-force weakening, which, in turn, caused stent migra-
tion immediately postdelivery. This was seen earlier in this
experience and was corrected in subsequent cases. Our result
analysis excludes the 4 mechanical failures. No vessel injury
was encountered during the entire experiment, unlike with
previous balloon-mounted AVS designs,* in which vessel in-
jury occurred in 3 of 13 stent-treated aneurysms.

Angiographic Results

Figure 2 shows examples of angiograms of treated aneu-
rysms. Tables 1 and 2 give a summary of the main results,
including CA filling before and after treatment. Before
treatment, the maximum CA amount measured in the an-
eurysms accounted for 3.07 = 2.14% (range, 0.24%—8.4%)
of the total bolus passing through the parent vessels. After
stent placement, this decreased to 0.44 *= 0.86% (range,
0.0%-2.72%), with 9 aneurysms showing negligible or no
CA entering the aneurysm. Flow reduction, measured in
terms of immediate poststent/prestent maximum CA en-
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Fig 2. Angiograms of aneurysms treated with V-POD. Column headings indicate angiogram acquisition time (prestenting, immediately poststenting, and 4 weeks later). First row, an
aneurysm treated with V-POD-A; second row, aneurysm treated with V-POD-B; third row, aneurysm treated with V-POD-A showing a remnant neck.

tering the aneurysm, was 0.13 = 0.18 (range, 0.0-0.5). The
4-week posttreatment angiography runs indicated no aneu-
rysm filling in 10 of 16 (63%) treated aneurysms (follow-up
grade 5), 3 of 16 (~19%) with no aneurysm filling but
exhibiting a small remnant neck (follow-up grade 4), and 3
of 16 (~19%) with <0.25 filling (follow-up grade 3). An-
giographic results for type A versus types B and C were
compared by using the Student ¢ test; this comparison
yielded a P > .05, showing no significant correlation be-
tween the type of stent used and CA flow reduction after
stent placement. The Spearman correlation factor for im-
mediate poststent/prestent peak ratios and follow-up an-
giographic results was 0.67 with P = .005.

Conebeam Micro-CT Results

The total aneurysm occlusion percentage (ie, the average of
the approximate volume occupied by thrombus in each aneu-
rysm), measured by using the micro-CT scanner, was, on av-
erage, 96 *£ 6.8% (range, 80%-100%), with 11 aneurysms
showing complete occlusion; 3 aneurysms with remnant necks

(nonthrombosed volume <11% of total aneurysm dome);
and 2 aneurysms, though not fully thrombosed, demonstrat-
ing >80% occlusion (80%—82%). Representative sample
micro-CT sections are shown in Fig 3. The Fisher exact test
comparing occluded versus partially occluded aneurysms in
the 2 stent groups (A versus B and C) yielded P = .608 (not
significant).

Ostium-coverage estimation by using micro-CT could
only be evaluated from the position of the markers relative
to the aneurysm ostium. In all 16 aneurysms in which V-
PODs were successfully deployed, the patch was placed ac-
curately, covering 100% of the aneurysm orifice. Compar-
ison with a previous study reporting balloon-deployable
AVS data* revealed no significant difference in total aneu-
rysm occlusion rates; however, stent placement during the
x-ray—guided procedure was more accurate for the V-POD
(16/16) versus the AVS (4/9) (P = .032). We excluded the 4
stents that had mechanical delivery/expansion problems,
because these occurred postdelivery and were not related
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Table 1: Results for successful deployment®

Angiograms Micro-CT Histology Grade SEM Grade
Post/Pre Follow-Up Total Aneurysm
Case Prestent Poststent Ratio Grade Occlusion (%) Dome® Neck  Stent Struts  Patch
1-A 2.21 0.59 0.27 5 100 5 5 3 3
2-A 432 0 0.00 5 100 3 5 3 0
4-A 342 0 0.00 5 100 4 5 3 2
5-A 0.89 0 0.00 5 100 2 5 3 1
6-A 5.49 272 0.50 4 89 5 0 3 2
7-A 1.85 0.24 013 3 82 3 0 3 3
8-A 25 0 0.00 5 100 4 3 3 2
9-A 0.24 0.02 0.08 5 100 4 5 3 3
10-B 0.4 0 0.00 4 95 4 0 3 2
11-B 32 0 0.00 5 100 2 5 3 3
14-B 46 0 0.00 5 100 4 5 3 2
16-B 1.83 0.55 0.30 3 80 5 0 3 2
17-C 2.7 0 0.00 5 100 1 5 3 1
18-C 1.83 0.55 0.30 3 100 5 0 3 2
19-C 5.25 24 0.46 4 92 5 0 3 2
20-C 8.4 0.02 0.02 5 100 5 5 3 3
Average (Median) 307214 044086 013*+0.18 5 96 6.8 4 5 3 2

@ Columns 2 and 3, maximum percentage of total injected contrast material entering the aneurysm dome pre- and immediately poststent; 4, immediate poststent/prestent ratios of maximum
CA volume entering the aneurysm dome; 5, follow-up angiographic grades: 0) intact aneurysm, 1) 0.75-0.50 filling, 2) 0.50—0.25 filling, 3) <0.25 filling, 4) no filling but exhibiting some
remnant neck, 5) no CA flow in the aneurysm dome or neck (total occlusion); 6, conebeam micro-CT scanning result—thrombosed volume relative to total aneurysm dome volume (%)}—total
aneurysm occlusion; 7 and 8, histology grade for dome and neck?®: 0) fresh blood clot or no thrombus, 1) organized thrombus in less than one-third of the area, 2) organized thrombus
in one-third to two-thirds of the area, 3) organized thrombus in more than two-thirds of the area, 4) completely organized loose thrombus, 5) completely organized dense fibrous thrombus;
9 and 10, SEM grade for degree of endothelialization of stent and patch: 0) no cell coverage, 1) partial coverage with ECM and endothelial cells, 2) full coverage with ECM and endothelial
cells, 3) full coverage with endothelial cells.

® Histology grade for the partially thrombosed aneurysm dome and refers to the thrombosed portion of the dome.

Table 2: Results for stents with mechanical failures®

Angiograms Micro-CT Histology Grade SEM Grade
Follow-Up Total Aneurysm
Case Prestent Poststent Post/Pre Ratio Grade Occlusion (%) Dome® Neck Stent Struts Patch
3-A 0.68 3.14 4.62 2 55 4 0 1 1
12-B 3.44 0.33 0.10 3 60 4 0 3 2
13-B 1.53 2.70 1.76 2 20 0 0 3 3
15-B 1.82 0.69 0.38 3 30 3 0 3 2
Average 283+ 202 0.69 = 1.1 0.45+1.06 45 85 + 25 4 15 3 2

@ Columns 2 and 3, maximum percentage of total injected contrast material entering the aneurysm dome pre- and immediately poststent; 4, immediate poststent/prestent ratios of maximum
CA volume entering the aneurysm dome; 5, follow-up angiographic grades: 0) intact aneurysm, 1) 0.75—0.50 filling, 2) 0.50—0.25 filling, 3) <0.25 filling, 4) no filling but exhibiting some
remnant neck, 5) no CA flow in the aneurysm dome or neck (total occlusion); 6, conebeam micro-CT scanning result—thrombosed volume relative to total aneurysm dome volume (%)}—total
aneurysm occlusion; 7 and 8, histology grade for dome and neck?’: 0) fresh blood clot or no thrombus, 1) organized thrombus in less than one-third of the area, 2) organized thrombus
in one-third to two-thirds of the area, 3) organized thrombus in more than two-thirds of the area, 4) completely organized loose thrombus, 5) completely organized dense fibrous thrombus;
9 and 10, SEM grade for degree of endothelialization of stent and patch: 0) no cell coverage, 1) partial coverage with ECM and endothelial cells, 2) full coverage with ECM and endothelial
cells, 3) full coverage with endothelial cells.

® Histology grade for the partially thrombosed aneurysm dome and refers to the thrombosed portion of the dome.

directly to the deployment procedure. In the previous  thrombus in more than two-thirds of the area; and 6/16

study, misplacement occurred due to infolding of the bal-  (~38%), fresh blood clot or no thrombus. The average corre-
loon, which caused the stent to rotate slightly during the  lation between the immediate poststent/prestent ratio and the
deployment. follow-up angiogram, micro-CT scan, and histology scores
was r = 0.60, with a P < .05.
Histology and SEM Results SEM results showed complete endothelialization of the
The median dome histology grade was 4 (range, 1-5); repre- stent struts at the edges in 16/16 (100%) cases. Endothelializa-
sentative sections and grading are shown in Fig 4. Most oc-  tion samples and grading are shown in Fig 5. In 5/16 (~31%)
cluded areas showed intermediate healing processes charac-  cases, the patch was fully covered with endothelial cells; in 8/16

terized by organized loose tissue. Six of 16 (38%) aneurysm  (50%), it was fully covered with ECM and endothelial cells; in
domes displayed completely organized attenuated fibrous tis-  2/16 (~13%), it was partially covered with ECM and endothe-
sue; 5/16 (~31%), completely organized loose thrombus; 2/16  lial cells; and in 1/16(~6%), no cell growth was observed on
(~13%), organized thrombus in more than two-thirds of the  the patch.

area; 2/16 (~13%), organized thrombus in one-third to two-

thirds of the area; and 1/16 (~6%), organized thrombus in less Discussion

than one-third of the area. The median aneurysm neck histol-  In this study, we describe the design, feasibility, and effective-
ogy grade was 5 (range, 0-5). The neck histology grading dis-  ness of a new V-POD intended for IA occlusion in a rabbit
tribution was as follows: 9/16 (~56%) displayed completely  elastase aneurysm model. Compared with previous designs of
organized attenuated fibrous tissue; 1/16 (~6%), organized ~ AVS,*® the new stent is easier to maneuver and deploy. We did
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Fig 3. Micro-CT sections of explanted aneurysms treated with 2 types of V-POD taken at 3 positions, as indicated in the schematic. Brighter dots are the nitinol struts of the stents, white
arrows indicate the soft tissue, and dotted arrows indicate the holder. The PTFE patch is not visible because it has an attenuation similar to that of the soft tissue. The artery lumen is
filled with air, and the intensity value is the same as that outside the sample. There are no cavities filled with air in the aneurysm dome, indicating total aneurysm occlusion.

Fig 4. Histology samples stained with Masson trichrome. A, Grade 5 aneurysm (completely organized attenuated fibrous tissue) (original magnification, X40). B, Grade 2 result for organized
tissue in one-third to two-thirds of the dome area (original magnification, x5). C, Grade 5 for the aneurysm dome and grade 0 for the neck area (original magnification, X10). D, Grade

1 for organized tissue in less than one-third of the dome area (original magnification, X5).

not experience any vessel injury, as previously reported by
using AVS. At the beginning of the study, stents were placed by
using a 5F straight catheter. As our capability to attach the
patch and electropolish the stents to a smaller strut diameter
increased, we were able to load the stent into a 3.5F catheter.
Open-cell type C V-PODs were more difficult to navigate than
closed-cell designs A and B, and the closed-cell platform be-
came the preferred design for the V-POD. The patch material
was chosen on the basis of biocompatibility**** and mechan-
ical properties. We used the thinnest medical-grade PTFE
patch available from laboratory suppliers. However, different
materials can be used, as long as they are attenuated enough to
cause sufficient redirection of flow away from the aneurysm

ostium. Our results of 96% total aneurysm occlusion on aver-
age (derived from 3D-volume micro-CT scanning data) with
20% showing some remnant neck at only 4 weeks of follow-up
are comparable with previous results* in which 100% occlu-
sion of 9 treated aneurysms was reported. The lower rate of
total aneurysm occlusion in the present study, by comparison
with the previously reported result* of 100% occlusion, may be
related to the PTFE material used in this study. This very thin
material might have oscillated with the pulsatile flow in the
ostium region, thus delaying cell proliferation. In the present
cases, no significant neointimal hyperplasia was observed. The
correlation between angiographic results and treatment out-
come was quite significant.
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Fig 5. SEM photographs. A, Fully covered asymmetric patch (SEM, grade 3). B, Strut covered by endothelial cells (SEM, grade 3). C, PTFE patch of a stent partially covered with endothelial
cells (arrow) and partially with ECM (SEM, grade 1). D, PTFE patch totally exposed with no tissue adherent to the surface (SEM, grade 0).

Both device designs (circumferential patch [type A] and
focal/asymmetric patch [types B and C]) offer the possibility
of treating aneurysms when branches or perforators are lo-
cated in stent areas with high porosity. Type B V-POD place-
ment took longer and required increased fluoroscopy time
due to difficult stent delivery to the desired site.

IA occlusion and preservation of nearby perforators and
branch vessels are closely associated treatment goals and can-
not be ignored when designing a flow-diversion device. Un-
fortunately, to our knowledge, animal models in which both
concerns (aneurysm occlusion and perforator preservation)
can be addressed are virtually nonexistent. In the aneurysm
animal model used in this study, the ability of the new devices
to preserve branch vessels could not evaluated. We have veri-
fied only the first aspect (aneurysm occlusion). However, we
can speculate that the V-POD has a higher chance of achieving
flow diversion with a lower likelihood of perforator or branch
vessel occlusion, because the design of this stent has a very
high-porosity structure everywhere except at the aneurysm
ostium; in fact, the design outside the patch is similar to intra-
cranial self-expanding microstents currently used safely in
several clinical applications. We posit that branch vessels and
perforators could be preserved, unless they are close to the
aneurysm ostium and covered by the patch itself. For these
specific cases, we envision patient-specific V-PODs that could
be rapidly engineered, fabricated, and tailored to the specific
aneurysm ostium and parent-vessel configuration of an indi-
vidual patient.*

Type A stent placement presented no design or deployment
issues and resulted in good aneurysm occlusion. However, for
stent types B and C, catheter-delivery issues and stent-design
issues that preserve the radial expansive force are currently
being improved. These issues appear to be mostly related to
rotational catheter actuation in a remote area. Our study dem-
onstrated that accurate deployment is possible but may at
times be difficult.
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The main limitations of this study are the small number of
aneurysms in which the V-POD was tested and the translat-
ability of results in a rabbit aneurysm model to those in an IA
in a patient.'” Although it is intuitive that this device would be
able to better preserve branch vessels and perforators, further
testing is required. Nevertheless, the V-POD achieved good
flow diversion and aneurysm healing when deployed properly.
We are currently working on and have improved the deploy-
ment mechanisms in the type B stents. We believe that V-
POD-like flow-diversion devices will be increasingly applied
for IA treatment in the clinical setting.

Conclusions

This report demonstrates the feasibility and effectiveness of
the V-POD for aneurysm occlusion in a rabbit elastase aneu-
rysm model. When properly deployed, this device has been
shown to be deliverable and to achieve definitive treatment
and total thrombosis in 69% of the aneurysms and to induce
>80% thrombosis in the remaining aneurysms.
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