
 

 

Innovation in aortoiliac stenting, an in vitro comparison 
 

E. Groot Jebbink*ac, P.C.J.M. Goverded, J.A. van Oostayenb, M.M.P.J. Reijnena, C.H. Slumpc 
Department of aSurgery and bRadiology, Rijnstate Hospital, Arnhem, The Netherlands 

cMIRA Institute for Biomedical Technology and Technical Medicine, University of Twente, The 
Netherlands 

dDepartment of Vascular Surgery, Vascular Clinic ZNA, Antwerp, Belgium 

ABSTRACT   

Aortoiliac occlusive disease (AIOD) may cause disabling claudicatio, due to progression of atherosclerotic plaque. 
Bypass surgery to treat AIOD has unsurpassed patency results, with 5-year patency rates up to 86%, at the expense of 
high complication rates (local and systemic morbidity rate of 6% and 16%). Therefore, less invasive, endovascular 
treatment of AOID with stents in both iliac limbs is the first choice in many cases, however, with limited results (average 
5-year patency: 71%, range: 63-82%). Changes in blood flow due to an altered geometry of the bifurcation is likely to be 
one of the contributing factors. The aim of this study is to compare the geometry and hemodynamics of various aortoiliac 
stent configurations in vitro. 
Transparent vessel phantoms mimicking the anatomy of the aortoiliac bifurcation are used to accommodate stent 
configurations. Bare Metal Kissing stents (BMK), Kissing Covered (KC) stents and the Covered Endovascular 
Reconstruction of the Aortic Bifurcation (CERAB) configuration are investigated. The models are placed inside a flow 
rig capable of simulating physiologic relevant flow in the infrarenal area. Dye injection reveals flow disturbances near 
the neobifurcation of BMK and KC stents as well. At the radial mismatch areas of the KC stents recirculation zones are 
observed. With the CERAB configuration no flow reversal or large disturbances are observed. In conclusion, dye 
injection reveals no significant flow disturbances with the new CERAB configuration as seen with the KC and BMK 
stents. 
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1. INTRODUCTION  
Aortoiliac occlusive disease (AIOD) can lead to incapacitating claudicatio, due to the build-up of atherosclerotic plaque. 
Bypass surgery to treat (bilateral) AIOD has unsurpassed patency results (5-year patency: 86%), at the expense of high 
complication rates, local and systemic morbidity rate of 6% and 16% are reported[1]. Therefore, less invasive, 
endovascular techniques were developed. The technique includes the simultaneous placement of two stents, one placed 
in each common iliac artery, which meet in the distal aorta (stents 'kiss' in the aorta). This resulted in shorter hospital 
stay, lower complication rates and shorter recovery time. Therefore endovascular treatment with the deployment of 
kissing stents is the first choice in many cases. Furthermore secondary open surgery is still an option in case of failure. 
Currently, several configurations are available to vascular surgeons and interventional radiologists, using balloon 
expandable (covered or bare metal) stents, or self expandable bare metal stents. The stents can be placed with high or 
short protrusion into the aorta. The long term patency of kissing stents is limited: 63% after five years. Various aspects of 
the configuration may affect patency rates of kissing stents, including the positioning of the stents and the discrepancy 
between the stented lumen and the aortic lumen, the so-called radial mismatch. The latter may cause flow perturbations 
and thrombus formation that, in turn, may decrease stent patency. Recently the Covered Endovascular Reconstruction of 
the Aortic bifurcation (CERAB) was introduced, attempting to overcome the disadvantages of kissing stents[2]. With 
this technique a covered stent is expanded 15-20 mm above the aortic bifurcation and this stent is proximally adapted to 
the aortic wall with a larger balloon, thereby creating a cone-shaped stent. Then, two iliac covered stents are placed in 
the distal conic segment and simultaneously inflated, making a tight connection with the aortic stent, as if were they 
moulded together, thus simulating a new bifurcation. The aortic cuff covers the free floating proximal ends of the iliac 
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aortoiliac waveforms were based on a numeric study performed by Olufsen et al. (2000) and are presented in figure 4 B 
(black line). 
The dye streamlines were recorded at 210 frames per second (A100 camera, Casio). For synchronisation purposes a LED 
is placed in the field of view, the LED blinks at the start of every cardiac cycle. The LED intensity was tracked and 
peaks were marked as the start of a new cycle. This aligns the start of a cycle in the video and the start of a new cycle at 
the control unit. To visualise the flow inside the covered stents, the ePTFE cover was replaced with a transparent cover. 
The bare metal stents were dipped in a solution of thermoplastic polyurethane (Tecoflex, Thermodics Inc., USA) in 
dimethylacetamide (8 % w/w), this method was adapted from Chong et al. (2004). Figure 3 A shows the original stent 
with the PFTE coating, figure 3 B shows the results after applying a transparent coating. 
 
 

 

Figure 2. Overview of the flow circuit. Region of interest (ROI) is indicated by the square, recordings of the dye injection (figure 
5 and 6) were obtained within this area. 

 

A 

B 

Figure 3. A: stent with original PTFE coating. B: stent after application of a transparent coating.

ROI 

Proc. of SPIE Vol. 9036  90361X-3



 

 

 
3.1 Influenc

To obtain op
polyurethane 
surgeon (MR
scan was obta

 
3.2 Flow con

Figure 4 A co
flow sensor 
minimum is n
pressure reco
obtained just 
during the di
comparable. T
1.6 l/min, ves
4.5 cP. The R
section was 1
 
 

Figur
and e
calcu
nume

3.3 Local flo

Under pulsati
(figure 5 and
right corner o
The streak lin
recorded duri
for the KC (f
towards the v
circulation zo
component al
near the verte
stents flows t
deviations fro
observed. 

ce of the polyu

ptical access 
cover. There

R). To compar
ained from bo

nditions 

ompares the f
(red line). Th
not completel

ordings from t
above the bif

iastolic period
The Reynolds
ssel diameter 
Reynolds num
3.8. 

re 4. A: Suprare
end of the cycle
ulated and used 
erical simulatio

ow perturbat

ile flow cond
d 6). The obse
of each figure 
nes recorded d
ing maximal s
figure 5 C) ste
vessel wall an
one displaces 
long the aorta
ex of the bifu
through the st
om the lamina

urethane cov

to the flow 
eafter the sten
re the position
oth models, thi

flow waveform
he maximal 
ly met, overal
the model, ob
furcation using
d the plateau p
s number (Re)
0.022 m, mea

mber at peak p

enal flow wave
e. Flow wavefor
to control the p

ons and in red th

tions 

itions the max
erved dye patt
the current po
during maxim
systolic veloci
ents a recircul
nd recirculatio

more proxim
a wall is seen
urcation. In th
tent mesh (fro
ar flow pattern

3

ver 

inside the s
nts were depl
n and sealing 
is revealed no

m as sent to th
systolic flow 
ll there is goo
btained just ab
g numerical si
phase is not p
) for continuo
an flow veloci
pulsatile flow

eform, the green
rm, in red the w
pumps. B: Pres
he waveform ob

ximal systolic
terns are enha
osition in the c

mal systolic flo
ity (figure 5 A
ation zone is 
on occurs in b

mally (directio
n (figure 5 C).
he model with
om point 1 to 2
n can be disce

. RESULT

stented lumen
loyed in the v
of the polyur

o differences b

he motor (blac
is reached s

od accordance
bove the bifur
imulation [7].
present at 3.8 
ous flow at the
ity 0.13 m/s, f

w (3.5 l/min) w

n dots indicate t
waveform obtain
sure waveform 
btained from th

c flow and mi
anced manual
cardiac cycle 
ow are depict
A). This is also
observed at th
both the prox
on of red arro
. In the baseli
h BMS stents 
2) and recircu
erned using dy

TS 

n the PTFE 
vessel phanto
rethane covere
between both g

ck line) contro
slightly befor
between the 

rcation (red li
. The pressure
s. The slope 

e entrance of 
fluid density 1
was 868. The 

that the feedbac
ned with the ult
at the bifurcati

he pressure cath

inimal systolic
lly offline wit
is depicted. 
ed in figure 5
o holds for the
he entrance of

ximal and dist
ow, figure 5 C
ine vessel pha
deployed (6

ulates behind i
ye injection, n

cover was re
ms according
ed stents and 
geometries. 

oller and the w
re the intende
two waveform
ine), the black
e waveforms a

of both the r
the model wa
1100 kg/m³ an
Womersley p

ck loop was act
trasonic flow se
ion. In black the

heter installed ju

c flow are vis
th the use of w

5. For the base
e BMK and C
f the mismatch
tal directions. 
C) into the ao
antom (6 A) a
B) the flow n
it. In the CER

no recirculatio

eplaced with 
g to protocol 

PTFE covere

waveform obt
ed maximum,
ms. Figure 4 B
k line present
are in good ag
rise and fall in
as 385, with a 
nd dynamic v
parameter (α)

 
ive. Purple dots
ensor. In black 
e waveform obt
ust above the bi

sualised using
white signing

eline model la
CERAB config
h area. The fl
As the cycle

orta and a lar
a recirculation
near the kissi

RAB configura
on inside the a

a translucen
by a vascular

ed stents a CT

ained with the
, the diastolic
B presents the
ts a waveform
greement, only
n pressure are
mean flow o

iscosity (µ) o
) at the inflow

s indicate start 
the waveform 
tained from 
ifurcation. 

g dye injection
g. In the upper

aminar flow is
guration. Only
ow is directed

e advances the
rge back flow
n zone is seen
ng part of the
ation (6 D) no

aortic cuff was

nt 
r 

T 

e 
c 
e 

m 
y 
e 
f 
f 

w 

n 
r 

s 
y 
d 
e 

w 
n 
e 
o 
s 

Proc. of SPIE Vol. 9036  90361X-4



#
_

í.'
r

-
..

:
_

-e
--.

 

 

 

Figure 5. Flow direction is from right to left, dye injection at maximal systolic flow. A: no stents placed, B: bare metal 
nitinol stents, C: covered bare metal stents, D: CERAB configuration.  

 

Figure 6. Flow direction is from right to left, dye injection at minimal systolic flow. A: no stents placed. B: bare metal 
nitinol stents. C: covered bare metal stents. D: CERAB configuration. 
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4. DISCUSSION 
 
The baseline results (no stents) of the current study are in accordance with results obtained in earlier studies, in particular 
the undisturbed flow at maximal systolic flow and the recirculation zone observed at the vertex during the diastolic phase 
(maximal deceleration) [8, 9]. The accordance of reverse flow is also in accordance with reported in vitro and in vivo 
results [10]. Furthermore, results of our current study indicate that stents placed at the aortoiliac bifurcation in a kissing 
configuration can perturb the blood flow locally. In particular the mismatch zones created when kissing covered stents 
protrude into the aorta cause recirculation at the proximal in flow of the stents. The BMK stents cause recirculation near 
the apex of the bifurcation. Previous studies point at the benefit of using covered stents instead of bare metal stents, 
because stent induced alterations in shear stress cannot trigger ingrowth of hyperplastic tissue [11]. However, the 
application of the PTFE cover may cause more extensive flow perturbations near the inflow because a stagnant blood 
column can form in the mismatch area. The resulting recirculation along the aortic wall may influence local wall shear 
stress levels. Especially lowering of the shear stress can cause reactions and thickening of the wall shear stress, resulting 
in edge stenosis and stent failure. Hughes et al (2006) concluded that the use of bare metal nitinol stents may be preferred 
above bare metal balloon-expandable stents, because of the reduction in mismatch area. Our previous study also supports 
these results [3]. To our knowledge no clinical data is available comparing balloon-expandable stents with self-
expandable nitinol stents. Combining both features, reduction in mismatch area and application of a cover, as is done in 
the CERAB configuration might yield better patency results. Concerning the mismatch results, using dye injection no 
flow perturbations could be observed at the changeover between the aortic cuff and the iliac limbs of the CERAB 
configuration. This study mainly focusses on influences of radial mismatch on flow, several studies consider this an 
important factor influencing stent patency [12-14]. However, there is still room for further research to proof this 
undisputable. 
 
The vascular models used in this experiment could also influence the obtained results, because they are rigid in contrast 
to the elastic behavior of arteries in vivo. Moore et al (1992) already showed that the resulting flow profile and sites of 
recirculation are not strongly affected when comparing rigid and compliant models. Though it can influence the absolute 
wall shear stress. Furthermore the elasticity of the vessel wall has deteriorated significantly in patients with heavily 
calcified lesions, this is also the patient category suitable for kissing stent placement. This reduces the need for a very 
elastic model. 
 
The current in vitro setup is based on a two element lumped parameter model (compliance and resistance). An admitted 
limitation to the model is the absence of a correct relation between the pressure and flow waveforms, the modulation and 
phase at higher frequencies do not resemble physiologic data [15]. Implementing a three element lumped parameter 
model would increase this correlation considerably. This also limits the usability of obtained pressure readings when 
applying a certain flow waveform. Currently simulations are performed under resting conditions, however, it is known 
that distribution of blood between de renal vessels and the iliac vessels changes when exercising. This might also 
influence the observed results. The flow visualization technique, dye injection, only reveals one streamline or a whole 
group of streamlines at a time. The application of techniques that reveal more temporal and spatial information, for 
instance PIV techniques with laser or ultrasound could result in a better understanding of the local flow phenomena. 
Furthermore this would enable the quantification of wall shear stress in the area of flow disturbances. 
 
 

5. CONCLUSION 
As shown before, different stent configurations have different geometrical effects. The current flow study, using dye 
injection, indicates that these geometries have different effects on the local flow patterns. The mismatch area that is 
present between de vessel wall and stent wall of de KC stents causes recirculation zones at the proximal inflow area. 
This could potentially limit the patency of the stent configuration. With the CERAB configuration such recirculations 
could be observed, indicating that the aortic cuff effectively seals the mismatch area. 
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