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ABSTRACT

Blockage of plaque in the artery would harden as the
calcification process take place. Angioplasty stenting or
called atherosclerosis treatment was where the diseased artery
will be inserted a balloon with a stent. Then, removal of the
balloon will take place as the inflation of the expanded stent
occurred when it reached the diseased site. However, the stent
could still function well although deformation of plastic
occurred. It was because the space in the artery still opens due
to the scaffold. Process of the deployment of the stent would
harm the plaque or the artery [1]. The mechanical process
needed to be fully understood to prevent this event from
happening.

Key words: blockage of plaque, stent, angioplasty stenting,
artery.

1. INTRODUCTION

Endovascular stents extend the blood vessel wall than
inflatable angioplasty and minimize the rates of restenosis
after coronary angioplasty in patients [2]. Moreover, the stent
struts would impose the deep vascular trauma [3-4] for
experimental of animals and humans, abundant internal
hyperplasia would produce more than balloon angioplasty [2,
5-7].

Successful treatments for establishing in-stent restenosis
could be identified if all the practical elements of in-stent
restenosis fully understood and rate of failure could be
reduced. An optimized stent design such as stent geometry
and stent materials or protocols placement such as the
selection of balloon and inflation pressure could be used to
know the factors involved during implantation of a stent to
avoid vascular injury. This also will help in reducing the
restenosis beside to limit the vascular injury.

Notwithstanding mechanical factors, for example, central
deep damage from struts and in general blood vessel strain,
which have significant jobs in inciting in-stent restenosis, as
of late detailed that stent arrangement prompts fractional
denudation of the endothelium to each configuration of stent
in unique pattern, proposing inflatable related injury [1]
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appropriation of artery vascular damage caused amid stent
implantation is a marker of the endothelial denudation.
Successful treatments for establishing in-stent restenosis
could be identified if all the practical elements of in-stent
restenosis fully understood and rate of failure could be
reduced. An optimized stent design such as stent-strut
geometry and material or protocols placement such as the
selection of balloon and inflation pressure could be used to
know the factors involved during implantation of a stent to
avoid vascular injury. This also will help in reducing the
restenosis beside to limit the vascular injury.

2. BALLOON-ARTERY INTERACTIONS

Experimental neointimal hyperplasia produced because of
underlying smooth muscle cells and injury to endothelial cells
[4]. While mild neointimal thickening produced by
denudation of endothelial cells alone [8]. Then medial smooth
muscle cells direct injury because of more substantial
neointimal hyperplasia [9]. There was something exists
between the extent of intimal thickening and the depth of
arterial injury called correlation in stented arteries [3].
Greater neointimal hyperplasia in humans due to larger
balloon sizes and higher inflation pressure [10]. There are
several mechanisms such as the stress cause by the ballon
deployment may be a determinant of restenosis including
effects of either time-dependent loading or fatigue stress on
the artery wall [10]. An accurate predictor of later luminal
loss possible if luminal stretching at the time of angioplasty
acute [11, 12].

Interactions between balloon and artery vessel wall would
result in surface injury especially during stent deployment.
Two opposite elements of the ballooning mechanisms and
arterial vessel interactions involve during stent placement
including arterial displacement and balloon extrusion. Both
the surfaces of ballon and arterial wall are totally soft and
tender but the balloon would extrude if follow the total
rigidity of artery law [1]. During and after balloon expansion,
the artery would prolapse into the stent-strut interstices if total
rigidity or low compliance of the balloon taken into
consideration.

The superficial and deep arterial injury also could happen
by plastically stressed condition imposed by stent struts and
strain even after balloon withdrawal during stent
deformation. Blood trapped to the closed space between
balloon surface, stent strut, and the arterial luminal wall
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would cause fluid-shear stress which was identified
distributeing surface stress equally over the entire struct area
Interactions between balloon and artery vessel wall would
result in superficial injury during stent deployment. Two
opposite elements of the balloon and arterial wvessel
interactions involve during stent placement including arterial
displacement and balloon extrusion. Both outer surface of
ballon and inner arterial wall are not totally rigid but the
balloon would extrude if follow the total rigidity of artery law

(11
3. SOURCES OF INJURY

Researchers investigated the contact of balloon-artery form
the arterial wall as the stress and force transmitted [1]. FEA
was chosen to construct the model of the balloon and artery
and the force was determined as the boundary conditions
chosen between two stent struts applied to mimic the
extruding of the balloon. The stress developed during the
expansion of stent within the arterial wall was modelled from
the surface force. Reflecting stent design or strut distance and
expansion pressure of balloon were studied. FEA result shows
that maximum surface contact stress increase as the strut
distance grew and the contact area was normalized as shown
in Fig. 1. This is to confirm that reducing the stress in the
contact areas during the stent deployment significantly
affected the way of stent designs.
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Figure 1: Relationships between normalized contact area
shown inline graph analysis (a) maximum the stress (b) strut
distance or balloon material compliance [1].
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4. MECHANICAL FAILURE OF STENTS

Blood flow in atherosclerotic peripheral could be restored
but the success is low relative to coronary arteries. Stent
placement would be highly incompatible in the arteries as the
joint flexion induces a mechanical environment. A side effect
is, it is still unknown what the environment can do on the
stress in the arteries. What can be concluded is the low
success rate is because of the mechanical environment.
Higher number of stent failure especially in the popliteal and
femoral are still unknown.

The variation in success rates could be explained by
understanding the differences between peripheral and
coronary arteries [13]. First is the size of stents used in
coronary arteries and peripheral arteries which are
respectively less than 4mm in diameter and up to 10mm in
diameter. Stents used to remove blockages in peripheral
arteries were longer compared to coronary arteries. It can be
as long as 80mm for single peripheral stents. Next, the
difference is a composition with distance from the heart and
the variation in vessel wall thickness. During pulsatile blood
flow, the volumetric change allowed as the arteries positioned
closed to the heart is considerably elastic but different from
peripheral arteries, it did not distend too much and more
muscular. Lastly, the arteries differ in the shape of the
waveforms but both are subject to time-dependent-loading
cycles. Other components of loading are significant different
as the coronary and iliac arteries are comparable in term of
maximum and minimum pressures [14].

Stent geometries in the main strut after deployment and
side branch balloon after subsequent dilatation showed in Fig.
2. Both the main strut and the side branch patency have been
clearly in a state of the expanded stent. Stent struts of side
branch allow the balloon expanded. Two stents which are
main branch and the side branch plays an important role
during T-stenting, a bifurcation stenting technique. All
floating struts should disappear as the vessel wall make
contact with the stent material. Fig. 2 shown different
situation because non-contant struts still occur for both stent
designs. This situation showed the existence of thrombosis
formation. Balloon inflation and balloon size effect cause the
opening of the stent in front of the side branch.
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Figure 2: Stent geometrical disorder after expansion in the
main branch and subsequent mechanisms. [15]
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Fig. 3 shown dilating through the side of a stent
compromise form the main branch lumen. Ormiston et al.
(1999) observed the same phenomenon from the five different
stent designs in vitro tests [15]. Deformation observed in vitro
of the Multi-Link-stent shown that distortion of the
Multi-Link Vision stent corresponds well. Different designs
consist of ring elements with three connection elements and
each of them has two subsequent rings. Fig. 4 illustrates the
deformation behaviour type. Stent design strongly affects the
result as it will have a minor effect in contrast to the balloon
size.

CYPHER - 2.5 mm balloon

MULTI-LINK VISION - 2.5 mm balloon

°~ --eev... fine indicating cut___ 18

CYPHER - 3 mm balloon

MULTI-LINK VISICN - 3 mm balloon

® _XO

Figure 3: Main branch view from proximal side showing the
impact of the side branch balloon dilatation on the main
branch lumen [15].
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Figure 4. Side view showing the stent strut positions.
Floating struts in the main branch lumen shown in the small
circle [15].

Coronary artery at the right and left anterior descending are
both coronary arteries that attached to the myocardium. Ding
et a., (2002) reported the behaviour of these kind of arteries
over two cardiac cycles [16, 17]. For both arteries, there have
been reported the existence of bending, torsion and also
significant displacement. Relation of influence of vessel
deformation and hemodynamics have been investigated but
motion influence as arterial stress still not fully understood
[16, 18, 19]. Fig. 5 showing the right coronary artery (RCA)
tracking in a biplane sequence. The entire cardiac cycle was
cover n the sequence comprises of 11 frames. The three
casings of the 11-outline cardiovascular cycle are dispersed
0.2 s separated. The hub is appeared every projection and in
3D space. Note how the utilization of neighbourhood
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windows permits the branch point to be followed amid the
cycle, even where there is overlap.

The joint movement would influence the mechanical
conditions of the peripheral arteries. Even healthy patients
would have complications such as flexion of the knee that
cause occlusion of the popliteal artery [20]. Bending effect in
the artery was the impact of the flexion of the knee. Duda et
al., (2001) introduced the hinge point concept in stented
arteries as the vessel movement and compression might
introduce [21]. Diaz et al supported this concept that flexion
of the knee can up to 100% PAD affect the location of hinge
points in popliteal arteries [22]. Then, the different theory
said that coronary arteries less bending compared to an
inspection of angiograms during knee flexion [2, 22]. Kroger
etal., (2004) and Solis et al., (2006) reported that stents in the
distal femoral and popliteal arteries experienced extreme
mechanical environment due to joint flexion [23, 24].

Figure 5: Illustration of stent tracking of the right coronary
artery. [17]

5. FAILURE OF STENT EXPANSION

Based on the analysis [25], no sudden death or other
complications such as lobe collapse, fistula formation and
pneumothorax. 68 patients undergoing Ultraflex
self-expanding metal stents insertion and well documented.
Complications included hemorrhage originating and
malignant tracheobronchial stenosis during the insertion in
the area of the stent placement. The complications were mild
hemoptysis (5 patients), stent migration (4 patients),
odynophagia, respiratory failure, stent occlusion, and
deployment failure (1 patient in each case).

Saad et al., (2003) reported other complications such as the
occurrence of infection in 15.9%, obstructive granulomas
(14.6%), and migration in 4.7% involving 82 patients [26].
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Antibiotics could effectively treat infectious tracheobronchitis
which was another common complication [26]. Lower
respiratory tract infections post stenting would cause the
mortality resulting and significant morbidity.

SEMS expansion failure was very rare in tracheobronchial
stenting. Deployment failure also had been reported by
McGrath et al., (2012) but did not describe the details [25].
Malfunction of the stent deployment system [27] has been
reported by Dimofte et al., as the patient with oesophagal
malignant stenosis from the case of incomplete deployment of
an oesophagal expandable metallic stent.

Fig. 6 show the comparison of Ultraflex metal stent. The
stent was stored in the climate-controlled environment in the
operation theatre at the temperature of 23-degree centigrade
and was within the expiry date. From the for the failure of
stent expansion, two discussions were issued. First, the
compressive effect on the stent was the reason the stent did
not open because of the tight stenosis of the trachea. Next,
technical defect itself cause the stent failed to expand. From
the report [28], it said that no patient suffers any bad
complication Saad et al., self-expandable metallic airway
stents and flexible bronchoscopy: long-term outcomes

analysis. Chest [2] reported other complications such as the
occurrence of infection in 15.9%, obstructive granulomas
(14.6%), and migration in 4.7% involving 82 patients.
Antibiotics could effectively treat Infectious tracheobronchitis
which was another common complication [26]. Lower
respiratory tract infections post stenting would cause the
mortality resulting and significant morbidity.

Figure 6: (A) Covered Ultra-flex metal stent failed expansion
and (B) covered Ultra-flex metal stent normally expanded
[28]

6. STENTING IN ANIMAL STUDIES

Damage and injury in artery were the cause of the rate of
restenosis in addition to stent deployment [29]. Restenosis
was promoted by stress in the artery. That was why stent with
less stress in the arterial wall safe. Two factors responsible to
produce higher stresses are during stent deployment and
bending of the vessel [30-33].

670

Failure that occurred was investigated by the researchers in
arteries of rabbit [10]. The inflation pressure angioplasty
failures occurred with the highest percentage which was 76%
from 25 arteries investigated. 6% for Acute vessel closure.
Next, 6% for each, oversized balloon and high inflation
pressure. Fig. 7 shown the series of angiograms of balloon
angioplasty before and after.

Figure 7: A progression of angiograms previously (pre) and
10 minutes after (post) two-sided femoral supply route expand
angioplasty utilizing a 3.0-mm swell and a 5-or 10-atm
expansion weight. (A): Pre-angioplasty angiogram: Bilateral
central femoral atherosclerotic injuries are the arrowed, aorta.
(B): Three-millimeter swell was expanded to 10 atm
crosswise over right femoral stenosis. (C): Five breaths of air
swelling over the left femoral stenosis. Note abdomen in the
inflatable at the site of maximal narrowing. (D): Ten-minute
postangioplasty angiogram with intense vessel conclusion at
the site of high-weight angioplasty. Left femoral supply route
angioplasty was effective. [10]

B A N b AT i
Figure 8: Balloon inflation injury to a porcine coronary artery.
Lower left site is where the larger lacerations of the internal
elastic lamina are associated with more neointima while
larger lacerations of the lamina cause larger neointimal
growth at the upper right site [29]
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Restenosis neointimal hyperplasia and acute thrombosis
were the most stent problems. Earlier, the animal became a
model for stent development as the problems cannot be easily
developed in patients. Fig. 8 shown balloon inflation and the
response of the coronary artery injury of porcine. Neointimal
hyperplasia formed in pig coronary artery in response to stent
placement. Hyperplasia in human restenosis same in term of
histopathological appearance, density and size. Oversized
balloon inflation produced the neocintimal formation but not
specific for stent injury [29].

Figure 10: Schematic drawing of relating injury depth to
noninternal thickness [29].

Fig. 9 and Fig. 10 show the sample of pig artery that use in
the experiment. Neointimal thickness and depth of injury
relationship prove the histopathological examination of
stented cross-sections. Different depth of injury of stent used,
more neointima causing less injury. Cross-over effect of
injury sites suggested in this condition. Diffusible growth
factors and thrombus connecting the two wires early were the
possibilities for the injury. Different depths of injury had been
created after 28 days of the injury. More injury was at two
wires farthest compare to those three wires on the right.
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Two coronary vessels are implanted with oversized
wire-stent was tested on seven baboons using techniques same
to the pigs. All the baboons survived for 3 days the stent
implant. However, three died. Fig. 11 shown the thrombi
appeared which was same as the pigs and (humans)
presumably. The region was densely full with erythrocyte,
platelets and fibrin. Two small arrows showed the stem wire
surrounding with older fibrin-rich thrombus. The large arrow
is shown in rich areas of typical platelet-rich and
fibrin/erythrocyte.

artery [29].

5. CONCLUSION

Undeniable, due to ease of deployment, palliation of
malignant central airway obstruction could be solved with
SEMS. However, failure of expansion in the airway after
deployment can be a potentially hazardous complication. This
unusual complication must always be taken into
considerations to ensure safety during stent insertion
Although the technology remains in its infancy, the face of
interventional cardiology is changing by the coronary stent.
As the stent is able to eliminate thrombosis. the future holds
great promise limit neointimal hyperplasia and to seal
dissections. The hope for patients undergoing percutaneous
revascularization to be leaved behind by the procedure will be
a great future in the medical world. Only animal models that
well-understood was the key to be through these extensive
studies.
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