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Cardiovascular Disease: A Growing 
Problem

Cardiovascular disease is a leading 
cause of death worldwide, and includes 
a number of conditions including heart 
disease, strokes, and diseases of the 
peripheral circulation. According to the 
British Heart Foundation, heart and 
circulatory diseases cause more than 
a quarter of all deaths in the UK. An 
average of 460 people each day die from 
these diseases, and survivors can live 
with serious long-term complications.

A major cause of cardiovascular disease 
is a narrowing of the arteries caused 
by the build-up of fatty plaques on 
the artery walls, a process known 
as atherosclerosis. These plaques 
harden over time, narrowing the 
arteries and limiting the flow of blood. 
Atherosclerosis can occur anywhere 
in the body, and different conditions 
can develop based on where it occurs 
– the most common being coronary 
heart disease (CHD), in the case of 
atherosclerosis of the coronary arteries.

Stents as Arterial Scaffolds

A procedure known as balloon 
angioplasty is effective in treating 
atherosclerotic plaques. This procedure 
involves inserting a small deflated 
balloon attached to a catheter into 
the atherosclerotic area, then inflating 
the balloon which breaks up the 
plaque, to increase the diameter of 
the affected blood vessel and improve 
blood flow. Following the procedure, 
the blood vessel may re-constrict. If 
this happens, a metal scaffold – a stent 
- can be inserted into the site of the 
angioplastied area to hold the blood 
vessel open. 

Although widely used and effective, 
stents are foreign metal objects. When 
placed within the blood vessel, the 
body’s natural response is to reject the 
foreign substance by inflammation. This 
inflammatory response from the blood 
vessel wall occurs due to the immune 
system responding to damage caused 
by implantation of the stent. Over time, 
the build-up of inflammatory tissue 
within the stent, leads to re-narrowing 
of the stented blood vessel. This event, 
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When an artery becomes blocked or damaged, a mechanical 
scaffold called a stent is often implanted into the vessel to improve 
blood flow. However, metallic stents can cause re-narrowing at the 
sites where they are implanted. This process is known as restenosis, 
which can lead to lethal complications. Dr York Hsiang, Professor 
of Surgery at the University of British Columbia, and his team use 
microengineering techniques to develop novel stents that can better 
detect restenosis, and treat it earlier when it occurs.

called restenosis, occurs in 20–30% 
of patients and can lead to serious 
complications; in some cases, restenosis 
can be severe enough to completely 
block blood flow and cause heart 
attacks or strokes. 

Current approaches to combat 
restenosis are effective but still have 
limitations. Stents can be coated with 
drugs that suppress the immune system 
to help prevent restenosis. However, 
the use of drug-eluting stents has been 
linked to an increased long-term risk 
of death due to sudden clotting of 
the stent. With 3 million stents being 
implanted worldwide, new, more 
effective methods to address restenosis 
are needed.
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Diagnosing Restenosis

Dr York Hsiang, Professor of Surgery 
at the University of British Columbia, 
and his team have been working 
on new stent devices for the early 
diagnosis of restenosis. Dr Hsiang 
and his team’s recent projects include 
the development of a stent that can 
monitor early signs of restenosis in the 
patient. 

Current methods for diagnosing 
restenosis are limited in their 
effectiveness and can be extremely 
costly. Primary methods used to detect 
restenosis include imaging techniques 
such as magnetic resonance imaging 
and X-ray angiography. These methods 
are expensive, cannot give real-time 
information regarding the condition, 
and in some cases, do not give 
information about where restenosis has 
occurred. They also require the patient 
to be exposed to high doses of ionising 
radiation. The most effective current 
diagnostic techniques use catheters to 
specifically image the stented area in 
real-time but these are costly and cause 
patient discomfort.

Smart Stents

Dr Hsiang and his team recognised 
the need for a non-invasive and 
rapid method to diagnose restenosis 
following stent implantation. In order 
to address this issue, they looked to 
microengineering approaches, aiming 
to produce a stent that uses integrated 
microelectronics to monitor the 
progression of the disease. 

In a 2018 study, Dr Hsiang and his 
colleagues designed and tested a 
stent able to monitor the development 
of restenosis in real time but in a 
non-invasive way. This ‘smart stent’ 
is manufactured like a normal stent 
and can be implanted using standard 
balloon catheters, and is composed of 
pressure sensors joined by a conductive 
metal frame. 

The metal part of the stent, as well as 
keeping the blood vessel open like a 
traditional stent, acts as a miniature 
antenna that can relay information 

about the blood pressure inside the 
stent. Readings can be taken by placing 
an external antenna against the skin 
that emits radio waves, powering the 
sensors and providing data to the 
external antenna regarding blood 
pressure. A drop in blood pressure 
indicates that the stent is becoming 
blocked and treatment may be needed. 

The team tested the device in the 
lab, using salt water flowing through 
plastic tubing as a simulation of the 
cardiovascular system. They found 
that they could measure changes in 
the properties of the stent based on 
the pressure inside the graft. They 
then tested the device using an animal 
model, by sewing a graft containing 
the sensor-integrated device into a pig 
artery. The team found that when they 
mechanically restricted blood flow 
through the artery, they could detect 
these changes using the antenna. 
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The Road to the Clinic

The advantages of this device are that real time information 
about restenosis can be taken without the need for invasive 
or high-energy diagnostic procedures. The device may also 
be used to detect restenosis at an earlier stage than other 
diagnostic techniques, with less danger to the patient. 

The next steps for the group are optimising the device for use 
in the clinic. The team aims to improve the sensitivity of the 
device to detect more subtle changes in pressure that may be 
seen during early restenosis. Their overall aim is to be able to 
diagnose restenosis before symptoms occur. They then hope 
to integrate the antennae device with internet functionality, 
allowing in-stent pressure to be monitored at home.

Treating Restenosis

Although the smart stent was capable of monitoring blood 
flow without using invasive methods, the current treatments 
for restenosis remain invasive and potentially dangerous. In 
cases where stents are partially blocked, a second balloon 
angioplasty may be required. In cases of full blockage, more 
complicated surgeries are required, or a new stent may need 
to be inserted. All these surgeries require catheterisation, 
carrying with it a risk to the patient and significant discomfort. 
The group therefore investigated the use of a smart stent for 
treating restenosis.

Recent studies have shown that hyperthermia, or the 
application of mild heat, could be effective for the suppression 
of restenosis. Studies have heated an implanted stent using 
various means to prevent restenosis. One method involves 
inserting a catheter into the stent and inducing heat in the stent 
using an electromagnetic field. However, this is invasive, and 
the high power used poses a health risk to the patient. Other 
methods such as external beam radiation to heat the stent 
have been tried, but again pose a risk to the patient due to the 
use of ionising radiation.

Through their work with the smart stent, Dr Hsiang and his 
team found that stainless-steel antenna stents can produce 
heat when excited with radiofrequency waves. This finding 
led to a very recent study in which the team tested a smart 
stent capable of heating without the need for invasive catheter 
procedures. The stent, like the previous smart stent, used a 
radiofrequency inductor, which heats up when exposed to radio 
waves of a specific frequency.

To test their device, Dr Hsiang and his team implanted an 
artificial graft containing the stent into the femoral artery of 
pigs and monitored the temperature of the stent using both 
fibre optic sensors attached to the artificial graft, and infrared 
imaging. They found they could increase the temperature by 
increasing the power of the radiofrequency waves supplied to 
the implant. This showed that use of an actively heating stent 
was clinically possible, and sets the stage for future studies to 
improve and optimise the system for clinical use.

Where Next?

Based on the promising results from their studies, future work 
by the team will focus on bringing these inventions into the 
clinic to provide practical and safe diagnostic and treatment 
tools for patients with stents. Future studies will also aim 
to integrate these devices with anti-thrombotic coatings to 
combine the benefits of these coatings with the benefits given 
by the smart stents. 

By using microengineering techniques, Dr Hsiang and his team 
have provided new diagnostic and treatment techniques for 
restenosis. With 3 million stents being implanted worldwide 
each year, new methods dealing with the consequences of 
stent implantation will no doubt improve patient quality of 
life through more reliable and less invasive methods for their 
management.

Example of a stent used to open a blocked artery
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