MedCrave

Step into the Wonld of Research

i@

Advances in Tissue Engineering and Regenerative Medicine

Review Article

8 Open Access ‘@

A focused review on materials and generations of

coronary stents

Abstract

Lifestyle, aging, hypertension and genetic defects have been known to cause cardiovascular
disease which continues to be the leading cause of mortality. Treatment of Cardiovascular
disease like coronary artery disease has significant innovation, such as development of
stents that overcomes some limitations of balloon angioplasty. In surgical procedure the
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surgeon must decide appropriate stent based on vessel features. Coronary stenting must Iran
represent the standard of care in order to decrease risk of adverse effect. This article studies

the different diagnostic procedure such as angiography, angioplasty, implementation of

stents and bypass, and different generation and features of stents.
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Introduction

Blood vessels are tubular network which their duty is to supply
organs by oxygen, water, nutrient and hormones and run all through
body.!? All blood vessels consist of three separate layer:

Tunica intima (Tunica internal)

The tunica intima is the inner and the thinnest layer which is
lining with simple squamous epithelium (endothelium). Boundary
between blood in lumen (hallow in blood vessels) and walls of vessels
is Endothelium.’> Damaging endothelium and exposure of blood to
collagenous beneath leads clots to form. The intima has a key role
in regulating capillary exchange and altering blood flow which
by releasing endothelins constricts the smooth muscle in order to
increase blood pressure. Overproduction of endothelins in most cases
contributes cardiovascular disease.* The endothelium is surrounded
by basement membrane (basal lamina). This membrane is flexible,
permeable and providing strength. In larger arteries the tunica layer is
surrounded by a thin membrane distinct layer of elastic fibers, which
is at the boundary with the tunica media, which is called internal
elastic membrane (or the internal elastic lamina).

Tunica adventitia

Tunica adventitia (also called the tunica externa) is the outer and
the thickest layer in veins. This layer is a substantial sheath consists
of connective tissue composed of type I collagen fibers, elastin and
nerves that supply the vessel. The tunica externa holds the vessel in
place and is thick in order to prevent collapse of the blood vessel and
provide protection from damage result in disruption of blood flow.’

One of the common disorders of the arteries is Atherosclerosis.
That is a disease in which cholesterol, fat, calcium, cellular waste and
other substances found in the blood build up plaques at the injury site
and make artery narrow. Atherosclerosis starts when bad cholesterol
(LDL) crosses the endothelium which becomes damaged and builds

up in injured artery walls. The body to stream in to digest the LDL
sends a type of white blood cell, but over years, the cells become
plaque and get stuck at the affected site. In comparison to plaqued
arteries, Healthy arteries have smooth inner walls, because the
endothelium works to keep the inside of arteries smooth, and blood
can easily pass through them. Genetic factors, high blood pressure,
physical inactivity, smoking, or high amount of cholesterol and sugar
in the blood can increase risk for Atherosclerosis. Atherosclerosis
can affect any artery in the body, including particularly coronaries,
carotids and peripheral arteries. Depending on which arteries are
affected, Atherosclerosis can lead to serious problems blood clots can
cause a heart attack,®’ stroke, or even death. This process gradually
continues to cause more inflammation by making more atheroma
accumulates, which results in a bigger plaque. Eventually, the most
dangerous outcome of atherosclerosis occurs when an area of plaque
ruptures (breaks down).®’ Then blood cell fragments (platelets) stick
to the site of the injury and the blood flowing over the top of the
plaque can clot because of clumping of platelets together, causing a
blockage in the artery that limiting the flow of blood and result in a
heart attack or stroke.

For treatment of atherosclerosis changing life style plays key
role but in some cases whenever medical procedure were disable
in healing, aggressive treatment is solution. The improvement in
technology has given opportunity to access different therapies such
as Angioplasty and stent placement, Endarterectomy (removing
plaques), Fibrinolytic therapy,'’ Bypass surgery.

Treatments for heart and

circulatory disease

coronary

Angiography

Angiography is the test that uses x-ray and special dyes (contrast)
to take pictures!! of the blood vessels anywhere of the body, including:

a. The arteries supplying the heart muscle
b. The arteries going to the brain
c. The arteries supplying the arms and legs

d. The arteries supplying the kidneys
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e. All of the vessels coming from and going to the lungs

The obtained pictures are called Angiograms. Angiograms are used
to diagnose narrowing or blocking in vessels, in addition Angiograms
can be used to find where that aneurysm happened.

Procedure

Doctor will place a small tube in a main blood vessel,'> which
provides the ability of placing various catheters into the selected
vessels and inject dye. After dye injection pictures are taken by
x-ray radiation,” catheter usage provides the feasibility of combine
treatment and diagnosis.

The important risks of angiography are:

a. Low risk of cancer due extreme exposure

b. Allergic reaction to x-ray material

c. Skin damage from dye leaks out

d. Low risk of clotting around of catheter'*

e. Itis dangerous for people with diabetes or kidney disease!'”
The benefits of angiography are included in below:

a. Producing lucid and accurate pictures

b. Ability of showing blockages in arteries

Angioplasty

An angioplasty is a surgical procedure to open the blood vessels that
provide blood to heart muscle. This surgery done after a heart attack.'
This procedure is also called percutaneous coronary intervention or
PCI. Using stent in this procedure helps to keep the blood flowing and
the artery from narrowing again.

At first, they make an incision in arm or groin. Then they insert
a catheter with a tiny inflatable balloon on the end into your artery.
Then doctor guide the catheter up through body to coronary arteries.
Using X-ray!”!® that called fluoroscopy,'** video, and special dyes
helps doctor to guide the catheter up into the blocked coronary artery.
In the next step doctor pass a small wire through the catheter and then

balloon

plague

balloon inflated

Copyright:
©2018 Shirzadfar etal. 72

the next catheter that has a small balloon attached to it.

The fatty deposits, or plaque, get pushed against the wall of
the artery. This work clears the way for blood flow. In some cases,
the catheter is a stent. When the balloon is out, doctor removes the
catheter.

Angioplasty can also relieve the symptoms of heart disease if you
haven’t had a heart attack. The risks of this procedure are bleeding,
clotting, or bruising at the point of insertion, scar tissue or blood clots
forming in the stent, an irregular heartbeat or arrhythmia, damage to
a blood vessel, heart valve, or artery, a heart attack, kidney damage,
especially in people who have preexisting kidney problems.?!

Stent

Jacques Puel did the first stent implantation in 1986, and research
about this subject took off immediately and developed. Since then,
there have been significant developments in stents technology.

A stent is a latticed, metal scaffold inserted during percutaneous
coronary intervention (PCI) and usually is placed in the treated portion
of the vessel. The stents help to keep the vessel open? and support
the inner wall of artery. It also can decrease the odds of restenosis
(becoming narrow or block again).”® A stent also can be useful to
support an artery that was damaged or torn during PCI procedure.?*

Stents help to the blocked arteries stay open after PCI. This allows
blood to flow freely throughout arteries. Depending on where stent is
placed, it can restore the flow of blood or other fluids.?

While PCI the surgeon will create a small incision in blood vessel
in arm, groin, or neck. Then they will thread a flexible tube (catheter)
with a balloon and stent on the end, to the clogged or narrow artery.*

They will inject special dyes into patient’s body. The dyes will
make it easier to guide the catheter through blood vessel to the clogged
or narrow area in the artery. The Figure 1 demonstrates when they
reach the eligible portion, they will inflate the balloon (using water
pressure), to compress the plaque against the artery’s wall. This will
extend the stent and stretch artery, letting for increased blood flow. At
the end, the doctor will deflate the balloon, take the catheter, and leave
the stent in the absence.

plague compressed stent expanded

Figure | Stent implant procedure. (A) Stent insertion; (B) Stent expansion; (C) Stent remain in coronary artery.”
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During this procedure, plaque and blood clots mustn’t come
loose and flout freely in bloodstream so a filter needed. Following
the procedure, patient will need to take drugs to prevent creating clot
within the stent. During the time, patient’s own tissue will merge with
the lattice of the stent, making artery stronger.?’

Stents can use for following items
Carotid arteries

The carotid arteries supply oxygen rich blood to brain, thus the
build up of plaque in them limits blood flow to brain and puts person
at risk for a stroke.

Other arteries

Plaques also can build up in other arteries and narrow them, such
as kidneys and limbs. Narrow kidney arteries can cause severe high
blood pressure.

Narrow arteries in the limbs can cause peripheral artery disease
(P.A.D), which can motive pain and cramping in affected leg or arm.

Aorta in the chest or abdomen

The aorta is a main artery that carries oxygen-rich blood from
heart to the body. This artery passes over chest and down into the
abdomen. During the time, walls of aorta can weaken in some areas
which can motive swelling in the artery (aneurysm). An aneurysm in
the aorta can burst, causing to fatal internal bleeding.

To help eschew a burst, doctor may use a fabric stent in the weak
zone of the abdominal aorta. The stent provides a stronger internal
lining for the artery.

To seal aortic tears

Existence a tear in inner wall of aorta is another problem that can
happens. The tear can decrease blood flow to the tissue that is supplied
by aorta. During the time, the tear can burst or shut off blood flow
through the artery, which generally happens in the chest portion.

Bypass surgery

When some arteries that carry blood to heart muscle damage
doctors use coronary artery bypass surgery or Heart bypass surgery.
Surgeons use blood vessels taken from another area of body to replace
the damaged arteries and repaired them as shown in Figure 2. These
auxiliary arteries serve heart with oxygenated blood. If these arteries
are blocked, the heart doesn’t work normally and the cause of it is
heart failure.

There are different types of heart bypass surgery. If only one artery
is blocked the type of this bypass is Single bypass and when two
arteries are blocked it called double bypass and when three arteries
are blocked it is triple bypass and when four arteries are blocked is
called quadruple bypass. A risk of having a heart attack depends on
the number of damaged arteries. When plaque that is a material in
blood, builds walls on arterial leads to less blood flows to the heart
muscle.

The muscle fail if do not receive enough blood to it. When arteries
are so narrowed doctor suggested heart bypass surgery. There are
some risks if any open-heart surgery done beforehand. Before heart
bypass surgery, patients used some medications such as Beta-blockers,
Cholesterol-reducing drugs.
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Blockage in
right coronary
artery

Saphenous vein
used to bypass
blockage

Figure 2 Replacing the damaged arteries.’'

The surgery starts by making a small cut in the middle of chest and
then rib cage spread and heart become visible. A cardiopulmonary
bypass machine is used in this surgery to circulate oxygenated blood
through body during the operation.* For removing carbon dioxide
used a machine that is pumped blood out of heat and then the machine
is filled with oxygen. The oxygenated blood is pumped back into body
without going through the heart and lungs. In some procedures using
a heart-lung machine isn’t necessary in this surgery also use extreme
cooling for bring the temperature of body down. Surgeon then replace
the healthy blood vessel from inside chest of patient wall or leg with
damaged artery. So a bypass can fix a blocked artery.

After a successful heart bypass surgery shortness of breath, chest
tightness, and high blood pressure will likely improve.

Evolution of coronary stents

Stenting is less invasive than bypass surgery and may eliminate
need for bypass surgery. Due to its less invasive procedure the
recovery is short.

Material

The material used for stents have diversified since 1987, were
introduced the first device which used stainless steel. This device was
balloon expandable stents and the aim was to provide mechanical
support, preventing acute occlusion and limiting vessel recoil.
Although stents have progress in aspect of design and coatings,
which cause re-intervention rats and low failure, but facing with stent
thrombosis remains. Stent thrombosis mostly associated with type
DES stents.*

Suitable stent must have following figures: biocompatible, flexible
and capable of expansion. Incompatible implants in human body
cause the immune system response, inflammation, trauma and scars.
Inflammation which induced by Incompatible implants are chronic
inflammation and cytotoxic chemical buildup. For example, Cobalt—
chromium which is used for Bare Metal Stent has some benefits in
comparison to those stents which made of stainless steel, such as
strength and therefore reducing strut profiles.*

New platinum—chromium alloy is a material used in special stent
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in order to improve balance of radiopacity and strength, for designing
thinner strut.

Stents are needed for limited duration and they are unnecessary
beyond the initial period of healing. Due to local stiffening of the
vessel in long term some effects such as inflammatory response
reduces. So the concept of biodegradable stents is noticed.’® Special
stent which was fully bioresorbable to be implanted in humans was
made of poly-L-lactic acid (PLLA).

In comparison to biodegradable polymer stents, Metallic
biodegradable (for example magnesium alloy WE43)* offer reducing
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recoil and increasing strength.?®
Generation

Classification of stents is in three categories, first generation
is bare-metal stents (BMS), second and third generation are drug
eluting stents (DES). The Figure 3A presents the BMS and Figure 3B
demonstrates the DES stents types. Innovation in stents, is because
to overcome limitation of prior generation, includes biodegradable
polymer stents, DES without a polymer and bioabsorbable scaffolds.
Third generation stents have proven to have superior outcome in
comparison to first and second generation.®

(A) The schematic of BMS.

(B) The DES type

Figure 3 Different generation of stents.

Bare metal stents

This kind of stent is mesh tube without coating drug, designed
as vascular scaffold to reduce vascular recoil and vessel occlusions.
Early Bare metal stents fabricated by different design (multicellular
corrugated, serpentine and coil) and materials such as Nitinol wire
coil (55% nickel and 45% titanium) and 316L stainless steel and

cobalt chromium. The figures of stent must consist flexibility in order
to conform the shape of arterial wall and hold the inner wall in it
is newly position in terms of not changing diameter (ranging from
2mm to 4mm, it depends on the vessel and type of disease) of an
artery.*! In implant procedure, visualizing the position of stent by
using fluoroscope is necessary, for this reason stent material must
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be radiopaque. Cobalt chromium stent material is more radiopaque
in comparison to stainless steel one of benefits of Bare metal stents
is decreasing the elastic recoil effect after balloon angioplasty
surgery.*>#

All DES type stents have the same general components, their
difference is in drug type, polymer and stent platform. DES can differ
in aspect of deliverability, safety and efficacy.

First generation DES

First generation DES, sirolimus-eluting stent (SES), approved
in 2003. Second generation DES, paclitaxel-eluting stent (PES),
received FDA approval in 2004.* These two generation were based
on a combination of a durable biocompatible polymer, a metallic
(316L stainless steel) platform and an antiproliferative drug. Because
of superiority of second generation stents, the first generation is
infrequently used. First-generation DES is sprayed BMS with drug
and polymer.*

Second generation DES

Second generation DES, a zotarolimus-eluting stent (ZES) and an
everolimus-eluting stent (EES), approved in 2008. ZES has further
modification such as changing polymer which constructed from
cobalt—chromium. Struts of this type of stent in thinner in comparison
to previous generation that cause decreasing in neointimal response
and more rapid re-endothelialisation.**

Risks of using stent
The use of stents also has a several risks such as:
a. Allergic reaction to drugs and dye used
b. Breathing problems caused by anesthesia

c. Artery occlusion: collagen sedimentation in blood vessels can
cause artery occlusion after stent placed.

d. Blood clots: About 1-2 percent of people who have stented
arteries develop a blood clot at the stent site. Blood clots can
cause a heart attack, stroke, or other serious problems. The risk
of blood clots is greatest during the first few months after the
stent is placed in the artery. Take aspirin and another anticlotting
medicine, such as clopidogrel, for at least 1 month or up to a year
or more after having a stent procedure. These medicines help
prevent blood clots.*’

e. Infection of the veins: infection can occur after any invasive
action.

f. Kidney stone caused by bladder stent use: materials that used
in angioplasty and stenting can cause kidney problems.

g. Sensitivity to metals that built stents

h. Bleeding: Bleeding from the stent insertion site, from a tear
in the artery where the stent was placed or from a puncture of
the heart may occur after the procedure. If significant bleeding
occurs, it is typically noted within the first 12 to 15 hours after
stent placement. Signs of major bleeding include dizziness, light-
headedness and fainting.*$*

i. Stroke: stroke is one of the stenting complications that occur due
to the removal of fat plaque.

Copyright:
©2018 Shirzadfar etal. 7

j. Heart attack: a heart attack is a big medical problem. During a
heart attack, the blood that supplies heart oxygenation will cut
off and heart muscle begins to die.

k. Palpitations and heart rhythm disturbances: Palpitations, the
sensation of one’s heart racing or skipping a beat are common
after cardiac stent placement. This may occur due to improved
blood flow reinvigorating injured areas of the heart. Palpitations
might also signal serious heart rhythm disturbances that could
be the result of a heart attack. A study reported in January 2013
in “The Scientific World Journal” found that about 83 percent of
people who underwent cardiac stent placement had some type
of temporary heart rhythm abnormality within the first 48 hours
after the procedure. The significance of palpitations can be easily
determined by an electrocardiogram. Depending on the cause of
the palpitations, additional treatment may be needed.

One of the problems that can occur after PCI is too much tissue
growth within the treated portion of the artery. This can cause the
artery to become narrow or blocked again. When this happens, it’s
called restenosis.*

Using drug-eluting stents can help prevent this problem. These
stents are coated with medicine to stop excess tissue growth. Treating
the tissue around the stent with radiation also can delay tissue growth.
For this procedure, the doctor threads a wire through a catheter to the
stent. The wire releases radiation and stops cells around the stent from
growing and blocking the artery.

Conclusion

In recent years, consider to changes in people’s life style due
developing of industry and industrial life, the chance of developing
vascular diseases has increased so researchers have developed methods
to diagnose and cure these diseases that introduced in this article.
The most common disorder in vascular system is Atherosclerosis,
which plaques blocks vessels and decreases blood flow. Stents are
useful device to overcome this inflammation. Stents have different
generation. The last generation by using special polymers and drugs
can overcome Atherosclerosis with lower risks. The last treatment is
bypass surgery, which is not a desirable solution due to the complex
process, complications and risks. Implantation of stents has some
drawbacks such as recoil after expansion, but the technology continues
to advance.
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