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An embolus is defined as any sub-
stance (natural or unnatural) that 

can be entrapped within the vascu-
lature of the bloodstream. Emboli of 
natural causes can be classified as any 
obstruction of fat deposit, air, or clot 
that causes a decrease in blood flow 
to a specific area within the body tis-
sues. Additionally, foreign intravascu-
lar object embolization (FIOE) can be 
more inclusive, involving iatrogenic 
objects such as: intravascular cath-
eter or wire embolization (ICWE) 
or an intravascular non-catheter 
object migration (INCOM), such as 
surgical stents, filters, and coils. 
Embolisms can cause a lack of blood 
flow resulting in tissue death if not re-
trieved within a short period of time.1
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 www.cathlabdigest.com January 2022 • vol. 30, no. 1

Editor’s Note: This article PDF has been updated from the print version.

Dr. McEntegart discusses an analysis evaluating the cost effectiveness of 
coronary artery intravascular lithotripsy (Shockwave Medical) versus 

rotational atherectomy.

Can you tell us about your experience with coronary intravascular lithotripsy 
(IVL)?

IVL has been available in the United Kingdom (U.K.) since 2018. In fact, its 
initial usage was in a live case for the British Cardiovascular Interventional So-
ciety meeting in early 2019. The result was impressive and we were immediately 
persuaded that IVL was going to be a useful additional device. We started to use 
it for de novo calcific lesions. After an initial period of use, our institution, which 
is always conscious of cost, put a freeze on its use. Because the IVL device is so 
easy to use, they were worried 1everybody was going to start using it frequently 
in cases. In order to get it back on the shelf, we performed a cost analysis and 
provided data1 to persuade the institution that IVL was going to be as cost-effective 
as competitor devices in the calcium space. Over the last two years, IVL has been 
consistently available to us and we have been using it in our practice to great effect.
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Proper Support: Right 
Coronary Artery Chronic
Total Occlusion 
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Approach
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How has your usage changed over time? 
IVL was initially thought to be most helpful 

for concentric calcium, meaning arcs of calcium 
of greater than 270 degrees. We started out in 
our initial experience using IVL in focal, calcific 
lesions with large arcs of calcium, and then, as 
with all technologies, we started to use it in a 
wider morphology of calcific disease. IVL has dra-
matically increased the interventional cardiology 
community’s use of intravascular imaging. People 
have paid greater attention to calcific disease, 
have been encouraged to learn how to analyze 
calcium, determine whether the use of a calcium 
modification device is needed, which device is 
most likely to be effective, and whether the device 
has done what was needed before stenting. As we 
started to increase our use of intravascular imaging 
in our cases, we learned that, in most patients, 
calcium is multi-morphology. For example, in a 
calcified left anterior descending (LAD) coro-
nary artery, it is common to see some concentric 
segments, some eccentric segments, and minor 
or major protrusions of nodular calcium into 
the lumen. When we brought out IVL to deal 
with concentric calcium, we intuitively started 
to use it for the rest of the calcium in the vessel, 
so for the eccentric and the nodular calcium as 
well. Over time, we have become accustomed to 
using IVL in all modalities of calcium and also 
distributing the therapy over long segments of 
the vessel, as opposed to just focusing use on 
one lesion within the vessel. At the TCT 2021 
meeting, optical coherence tomography (OCT) 
data was presented regarding the effectiveness 
of the device in both concentric and eccentric 
calcium, and showed that IVL was just as effective 
whether the calcium was concentric or eccentric.2 
These data confirm what we had started to do 
clinically, and I found it quite interesting as well 
as reassuring that our clinical judgment is backed 
up with a detailed evidence base.

Tell us about the research you have performed 
with coronary IVL.

I have been involved in a few studies. We did a 

cost-effective analysis with the data from Disrupt 
CAD II, the second IVL observational study in 
Europe, looking at the cost per case and comparing 
it to 60 rotational atherectomy patients we had 
done in our institution.1 We blindly adjudicated 
the rotablation cases to confirm they would have 
been suitable for IVL or rotablation, and then 
compared the costs of the procedures. What we 
were able to show was in fact that the IVL cases 
were cheaper than the rotational atherecto-
my (RA) cases, saving approximately £350-400 
(USD$470-537) per case. Our analysis was not 
only persuasive for the institution to allow us 
to use IVL, but when we dissected the data as 
to why IVL cases were less expensive, we found 
that it was because less additional equipment 
was used: fewer wires and fewer balloons. So it 
seems that If you use IVL in certain cases, it will 
facilitate a reduction in other procedural costs. 
IVL use also shortened procedure duration, which 
obviously adds to the cost effectiveness as well. 
It’s important to caveat the conclusions with the 
fact we were comparing real-world RA cases to 
clinical trial IVL cases. We have also looked at 
IVL use in chronic total occlusions (CTOs)3, vein 
grafts4, and in ST-elevation myocardial infarction 
(STEMI)5. These are small cohorts with an initial 
experience. We also have looked at a cohort of 
patients with in-stent restenosis.6 We published 
a series of small, observational studies of our 
initial use in all these different settings where 
we have found IVL to be helpful, and looked at 
effectiveness and safety in each of those cohorts.

Did you only look at rotational atherectomy 
versus IVL, or were there any other types of 
calcium modification devices that you reviewed 
in your research?

We only looked at rotational atherectomy, be-
cause orbital atherectomy only became available 
in the U.K. and Europe this past fall. It is one of 
those situations where, due to regulatory author-
ities and market availability, the U.K. has had the 
ability to use IVL for three years, and the United 
States has had orbital atherectomy available for 
a several years, and now almost simultaneously 
both devices are available to everyone. Laser, the 
other atherectomy device, is only used in limited 

centers in the U.K. and Europe; in the U.K., there 
are maybe three centers with laser and the usage 
is very low. Our calcium modification devices 
are rotational atherectomy, cutting balloons, 
scoring balloons, OPN high-pressure balloons 
(SIS Medical), and now IVL.

Would you want to compare specialty balloons 
to IVL? 

Most people feel that cutting balloons and 
scoring balloons are better when you are dealing 
with more moderate, lower-complexity calcium, or 
fibrocalcific disease, whereas when there is severe 
calcium, most people will use an atherectomy 
device or IVL. In the PREPARE-CALC study, a 
randomized trial done in Germany, they compared 
rotational atherectomy to scoring balloons. We 
were keen to compare IVL to rotational atherec-
tomy, however, because we wanted to compare 
the two modalities for calcium modification at 
the more severe end of the spectrum. 

Your research showed that IVL cases used 
fewer wires and other equipment as compared 
to rotational atherectomy. Why is that? 

In a rotational atherectomy procedure, we 
usually pass a wire through the lesion, then use 
a microcatheter on that first wire to exchange 
out and deliver the rotawire, which is a difficult 
wire to deliver down a diseased coronary artery. 
So if you have a calcific lesion, it is often easier to 
use a better crossing wire, take a microcatheter 
over that wire, take the wire out, and then put the 
rotawire through the microcatheter. Already, you 
are using two wires and a microcatheter. Then you 
do rotational atherectomy and when it is finished, 
the first wire or a 3rd support wire is put back 
down. You will use a non-compliant balloon (at 
least one, maybe two) to dilate the lesion before 
placing the stent. By this point, you have already 
used two or three wires, at least a couple of bal-
loons, and the microcatheter. Whereas with IVL, 
you put one wire down, put the IVL down, treat 
the lesion, maybe use a non-compliant balloon, 
and put in your stent. It is that ability to deliver 
the device on any wire, and dilate the lesion and 
modify the calcium with one piece of equipment, 
that makes it more efficient, which is also why the 

Data Show Coronary Intravascular 
Lithotripsy is Safe, Effective, and 
Cost Efficient

What we were able to show 
was in fact that the IVL 
cases were cheaper than the 
rotational atherectomy cases, 
saving approximately £350-400 
(USD$470-537) per case.
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IVL procedure is shorter. If you look at wire and 
microcatheter costs, you can quickly see where 
the £400 savings comes from in our cases.

How does delivery of IVL compare to the de-
livery of a rotational atherectomy device?

The reason that every cath lab has to have 
rotational atherectomy is that it can cross any 
lesion. It is a forward-modifying ablative device 
and will cross what we call ‘uncrossable’ lesions. 
A lesion that nothing else will cross, the rota will 
eventually burrow its way through. The delivery 
of it and the calcium modification are the same 
process. In terms of IVL, from the outset, I was 
pleasantly surprised, even with the first gener-
ation of the device, with how deliverable it was. 
Certainly the second iteration of the device is 
considerably more deliverable than the first. In 
the majority of cases, the ability to deliver the 
IVL device, even down to the mid to distal ves-
sel, is consistent. If IVL is difficult to deliver, I 
will use a guide extension. I will take a smaller 
balloon down to the target lesion and anchor 
it — inflate it in the vessel. With that balloon 
anchored, I deliver the guide extension down to 
that location, deflate and remove the balloon, and 
then deliver the IVL straight to the lesion. It is a 
very effective way to overcome any issues with 
deliverability, but we don’t require to use this 
method routinely. In fact, these cases tend to be 
ones where you still need a guide extension to get 
a stent in, meaning that even if you didn’t need 
the guide extension to deliver the IVL, it would 
still be needed to deliver the stent. You are not 
losing anything in this scenario by using the guide 
extension, because it then goes on to be helpful 
for the rest of the case, both to get in your stent 
and then the post-dilatation balloons. It is more 
often the case that dictates the need for a guide 
extension, as opposed to it being a limitation of 
the IVL device. In most of these cases, even if 
you had performed rotational atherectomy, there 
is a good chance you would still need the guide 
extension to deliver the stent.

How has your analysis of IVL changed your 
use of the technology and what do you see 
going forward?

Working in the U.K., it is obviously a cost 
constraints environment. We do a high number 
of CTOs, complex percutaneous coronary inter-
ventions (PCIs), including lots of calcific disease, 
so for each case, I am very aware of the cost of 
every single device I take off the shelf. Every 
time I decide to use something, I am thinking 
about whether I really need it. Is it a good use of 
resources? The data we collected resulted in me 
being happier with the decision to use IVL upfront 
in cases where we are dealing with moderate to 
severe calcium, because I knew it was going to 
ultimately be cost effective, as opposed to caus-
ing cost issues. Our research has encouraged 

me and the rest of our group to use IVL more 
readily, with our usage of IVL versus rotational 
atherectomy having shifted significantly. I think 
this is in part also due to IVL being much easier 
to use for less experienced operators than the 
atherectomy devices.

Can you describe your center?
I work at the Golden Jubilee Hospital in 

Glasgow. We are a high volume PCI center and 
doing over 3000 PCIs per year, approximately 
700 STEMIs, about 60% non-STEMI work, and 
the rest is elective work. We have 12 operators, 
with more than half of the operators doing com-
plex work. In addition to high volume left main, 
calcium, and CTOs, we do transcatheter aortic 
valve replacement (TAVR), MitraClip (Abbott 
Vascular), adult congenital interventions, and 
are the national transplant center. 

The Golden Jubilee Hospital is a regional cen-
ter that covers the whole of the west of Scotland. 
Scotland is a small country with a population of five 
million people with quite an interesting setup, as 
we only have five PCI centers. 
Glasgow’s the biggest city, with 
the biggest surrounding density 
of population, so out of hours, 
on call, we cover a population of 
approximately two million peo-
ple for STEMI. It is a big, busy 
center and we see a lot of calcific 
coronary disease. Especially as 
the population is aging, we are 
seeing more and more complex 
and calcific disease.

What is your message for 
interventionalists who may 
not be using IVL or who have 
just begun using this device? 

The key message is that IVL 
technology is incredibly easy to set up and use. 
It has made management of calcific disease very 
accessible for all PCI operators. While in the past, 
there were frequently cases you would refer on to 
the higher-volume, complex operators or centers 
in your region, IVL allows patients with calcific 
disease to be more readily treated by their own 
interventional cardiologists. It has lowered the 
complexity of managing these cases, and certainly 
from the initial safety data from the Disrupt CAD 
studies it looks incredibly safe, with a very low 
complication rate. I think IVL is practice-changing, 
and most importantly, it is a strong driver towards 
improved patient management.

You note IVL might allow patients to be treated 
by their own interventionalists rather than 
being referred. Have you seen that happening?

Yes. Our setup is unique in that we provide a 
regional hub service, so all the cases come to our 
center; there are no outlying PCI centers. But, 

within our center, what has happened is that 
some of the operators who previously wouldn’t 
have done calcium cases at all — they would have 
referred the patient on within the center to some-
one else — have started handling calcium cases 
themselves, because they are very comfortable 
using IVL. I have scrubbed in with a few for one 
or two cases just to show them how to set up the 
IVL, and then that’s it, they are off and running. 
Sometimes on call, nighttime or weekends, you 
get an acute case that is calcified. In the past, 
these operators would have struggled with such 
cases, and maybe had to take the patient off the 
table to wait through the weekend. With the use 
of IVL, they are now able to deal with most of 
these case themselves. In our group, everybody is 
now proficient in using the IVL device, whereas 
with rotational atherectomy, maybe two-thirds of 
the group are confident and proficient in using it. 
IVL streamlines patient management, and also, 
I think is good for team dynamics as everybody 
feels that they are part of progress and can retain 
ownership of their work. IVL has helped level the 

field, which is great. That’s what technology is 
meant to do, isn’t it? 

Any final thoughts?
The main message is that the IVL device is very 

simple and easy to use. It makes the treatment of 
patients with calcific disease more accessible to 
operators. Certainly, the safety profile looks very 
reassuring from the initial data from the studies. 
That is everything you could really want from a 
new technology in the space. Shockwave Medical 
should also be rewarded for driving forward, al-
most without intending to do so, our knowledge 
and understanding of calcific coronary artery 
disease. The use of IVL has forced us to look more 
closely at and think about the best way to treat 
calcific coronary artery disease, and ask which 
device is better in which situation. The advances 
in our understanding of calcific coronary disease, 
with the paralleled increased use of intravascular 
imaging, have accelerated in the last couple of 

IVL technology is incredibly easy to set 
up and use. It has made management 
of calcific disease very accessible for 
all PCI operators. While in the past, 
there were frequently cases you would 
refer on to the higher-volume, complex 
operators or centers in your region, IVL 
allows patients with calcific disease to 
be more readily treated by their own 
interventional cardiologists.  
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years and will continue to do so with the huge 
number of research projects that are now ongo-
ing in this territory. Previously, calcific coronary 
disease was under-studied, whereas now there 
has been an explosion of interest.

Do you have plans for any further studies 
going forward?

At TCT 2021, there was an interesting gender 
sub-analysis of the IVL Disrupt CAD data.7 In 
Glasgow, we had previously looked at gender-based 
outcomes for rotational atherectomy. We had a 
registry of over 700 patients treated with rota-
tional atherectomy, and we analyzed male versus 
female complications and outcomes. We observed 
that with rotational atherectomy, women had 
significantly higher complication rates than men. 
The sub-study looking at male versus female 
outcomes with IVL from the Disrupt CAD data 
showed no difference and that the complication 
rate was low in both groups. Following on from 
this we have plans for some ongoing studies to 
look at the different calcium modification devices 
and compare them according to gender. One of 
the things we are starting to understand about 

coronary disease in general is that male and fe-
male patients, disease patterns, and response to 
treatment is different. Our plans are to look at 
whether the morphology and pattern of calcium 
within men and women is different. Do women 
have more nodular or more concentric calcium? 
By understanding this it may guide us to use 
different approaches to treating coronary artery 
calcium in the different genders. n
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This article is sponsored by Shockwave Medical.  
Dr. McEntegart is a paid consultant for Shockwave 
Medical. See Important Safety Information below.

Learn more about coronary intravascular lithotripsy use 
by visiting Cath Lab Digest’s Calcium Corner. Click on 
the QR Code or start at cathlabdigest.com:
CLD home page –> Topics –> Calcium Corner

The advances in our understanding of calcific coronary disease, 
with the paralleled increased use of intravascular imaging, have 
accelerated in the last couple of years and will continue to do so 
with the huge number of research projects that are now ongoing 
in this territory. 
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access the  
Calcium Corner.
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Important Safety Information

In the United States: Rx only.
Indications for Use— The Shockwave Intravascular Lithotripsy (IVL) 
System with the Shockwave C2 Coronary IVL Catheter is indicated for 
lithotripsy-enabled, low-pressure balloon dilatation of severely calci-
fied, stenotic de novo coronary arteries prior to stenting.

Contraindications— The Shockwave C2 Coronary IVL System is 
contraindicated for the following: This device is not intended for stent 
delivery. This device is not intended for use in carotid or cerebrovascu-
lar arteries.

Warnings— Use the IVL Generator in accordance with recommended 
settings as stated in the Operator’s Manual. The risk of a dissection or 
perforation is increased in severely calcified lesions undergoing percu-
taneous treatment, including IVL. Appropriate provisional interventions 
should be readily available. Balloon loss of pressure was associated 
with a numerical increase in dissection which was not statistically 
significant and was not associated with MACE. Analysis indicates 
calcium length is a predictor of dissection and balloon loss of pressure. 
IVL generates mechanical pulses which may cause atrial or ventricular 
capture in bradycardic patients. In patients with implantable pacemak-
ers and defibrillators, the asynchronous capture may interact with the 
sensing capabilities. Monitoring of the electrocardiographic rhythm 
and continuous arterial pressure during IVL treatment is required. In 
the event of clinically significant hemodynamic effects, temporarily 
cease delivery of IVL therapy.

Precautions— Only to be used by physicians trained in angiography 
and intravascular coronary procedures. Use only the recommended 
balloon inflation medium. Hydrophilic coating to be wet only with nor-
mal saline or water and care must be taken with sharp objects to avoid 
damage to the hydrophilic coating. Appropriate anticoagulant therapy 
should be administered by the physician. Precaution should be taken 
when treating patients with previous stenting within 5mm of target 
lesion.

Potential adverse effects consistent with standard based cardiac inter-
ventions include– Abrupt vessel closure - Allergic reaction to contrast 
medium, anticoagulant and/or antithrombotic therapy-Aneurysm-Ar-
rhythmia-Arteriovenous fistula-Bleeding complications-Cardiac 
tamponade or pericardial effusion-Cardiopulmonary arrest-Cerebro-
vascular accident (CVA)-Coronary artery/vessel occlusion, perforation, 
rupture or dissection-Coronary artery spasm-Death-Emboli (air, tissue, 
thrombus or atherosclerotic emboli)-Emergency or non-emergency 
coronary artery bypass surgery-Emergency or non-emergency percu-
taneous coronary intervention-Entry site complications-Fracture of the 
guide wire or failure/malfunction of any component of the device that 
may or may not lead to device embolism, dissection, serious injury or 
surgical intervention-Hematoma at the vascular access site(s)-Hemor-
rhage-Hypertension/Hypotension-Infection/sepsis/fever-Myocardial 
Infarction-Myocardial Ischemia or unstable angina-Pain-Peripheral 
Ischemia-Pseudoaneurysm-Renal failure/insufficiency-Restenosis 
of the treated coronary artery leading to revascularization-Shock/
pulmonary edema-Slow flow, no reflow, or abrupt closure of coronary 
artery-Stroke-Thrombus-Vessel closure, abrupt-Vessel injury requiring 
surgical repair-Vessel dissection, perforation, rupture, or spasm.

Risks identified as related to the device and its use: Allergic/immuno-
logic reaction to the catheter material(s) or coating-Device malfunc-
tion, failure, or balloon loss of pressure leading to device embolism, 
dissection, serious injury or surgical intervention-Atrial or ventricular 
extrasystole-Atrial or ventricular capture.

Prior to use, please reference the Instructions for Use for more infor-
mation on warnings, precautions and adverse events. 
www.shockwavemedical.com/IFU

Please contact your local Shockwave representative for specific coun-
try availability and refer to the Shockwave C2 Coronary IVL system 
instructions for use containing important safety information.
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Back to Basics: Arterial Sheath 
Management 
Erica Fidone, MD; Justin Price, MD;  
Craig Walker, MD

Operators must quickly recognize complications 
and provide management options for each one. 
We present the case of a clotted femoral arterial 
sheath that was promptly recognized and cor-
rected prior to the development of potentially 
catastrophic complications.   

Vascular Disease Management 
2021;18(12):E223-E227 

vasculardiseasemanagement.com

Feasibility and Clinical Outcomes 
of 48 mm Drug-Eluting Stents in 
the Management of Patients With 
Coronary Artery Disease 
Ahmed Mahmoud El Amrawy, MD; Mohamed Ibrahim Loutfi, MD; Salah 
Mohamed El Tahan, MD; Sherif Wagdy Ayad, MD

This prospective study enrolled 300 patients, with a single CAD planned to un-
dergo PCI with 48 mm DES. Clinical data, procedural outcomes, and follow-up 
to 6 months were obtained. Major adverse cardiac events were considered 
the combined study endpoint, defined as cardiac death, non-fatal myocardial 
infarction, unstable angina, and the need for target-lesion revascularization.   

J Invasive Cardiol. 2021;33(12):E960-E967 • invasivecardiology.com
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