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JETSTREAM: ATHERECTOMY WITH ACTIVE ASPIRATION

EVT:  In your practice, have you treated enough 
patients using the combination of atherectomy 
and drug-coated balloons (DCBs) (or other 
adjunctive therapies) to be able to say if your out-
comes are better, worse, or about the same com-

pared to treatment with other contemporary ther-
apies such as stenting, specialty balloons, etc.? 

Dr. Mustapha:  Luckily for us, we use ultrasound 100% in 
terms of bettering our therapy. One of the things that we’ve 
done so far [that] we’ve seen a difference with is debulk-
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ing the target vessel pretty much to the wall, where you 
can actually go in, prep the vessel, deliver the DCB, and see 
under ultrasound that the DCB is actually in complete con-
tact with the vessel wall, giving you a 1:1 ratio between the 
DCB and the vessel wall. I’ve got to tell you, for the first time, 
we have seen fewer patients coming back with restenosis 
since DCBs have been out, and atherectomy does make a 
big difference in those patients if you want to get a proper 
vessel prep prior to [using a] DCB.

Dr. Shimshak:  I think the problem is, like all the trials, 
[what we see in the] real world is different in terms of the 
endpoints and the patient population that we deal with day 
in and day out. I think if we limit the scope of DCBs to short 
or intermediate-length lesions, there is clear benefit. What I 
struggle with is making the leap for long superficial femoral 
artery (SFA) disease—chronic total occlusions that are 20 or 
30 cm. That is a huge amount of disease that you’re dealing 
with. In those patients, I think atherectomy, coupled with 
whatever other device, gives you optimal luminal gain and 
is the way to go. That’s why I think vessel preparation is 
so key. You may be able to achieve [good results in a long 
lesion] with a DCB, but I think that’s a good place for stent-
ing, and I still believe stenting has a role in those long seg-
ments of disease. 

Dr. Davis:  When we were in the DCB trials, we were 
treating a very different population of patients’ lesions. 
Historically, I can say that I know a few patients who have 
come back when I’ve just used DCBs [to treat them]. I 
haven’t seen many of the [patients treated with] atherecto-
my and DCBs, at least in my own sense of it, but we are col-
lecting our data, and I think at the 1-year mark we’ll know a 
little bit better. I think we need a little bit more time to go 
by to have a better answer to that question. 

I think back over the European data and what Professor 
Thomas Zeller sees, and you’ve got to take what he says 
with a lot of stock. He truly is a believer in [atherectomy and 
DCB], and that’s what he does in his practice.

Dr. Beasley: You see some tremendous results. Early on, 
I remember a couple of my patients who I treated with 

atherectomy and DCBs when they first became available. 
Those patients have not shown any restenosis, reocclusion, 
or redevelopment of plaque that I can see, and these are 
patients that I follow closely on external ultrasound in the 
office. 

In my lab, I’m using [multiple DCBs] at a time on a 
patient and hopefully getting a 70% to 80% success rate, 
where we don’t have to place a stent. If we do have to place 
a stent, then you’re placing a bare-metal stent over an area 
that already has drug on it. 

EVT:  What is the role of atherectomy in your 
current practice? Does it depend on the type of 
adjunctive therapy you are using?

Dr. Beasley:  I use atherectomy in almost every case that 
has anything to do with any type of peripheral vascular 
disease—any type of critical ischemia or revascularization 
model. If [the vessel] has plaque, an occlusion, or a stenosis, I 
use atherectomy to prepare the vessel.

I’m a user of pretty much all the atherectomy devices, 
so depending on the location of the lesion, the position 
of the lesion, and the type of the lesion, I’ll use a particular 
atherectomy device. I know with DCBs, you want to debulk 
and expose the vessel wall to that drug. With stenting, you 
want to give the stents a chance so that the stent’s drug can 
appose itself to the wall the best possible way it can. So, I 
pretty much use atherectomy at all times.

Dr. Noor:  I started using atherectomy early in my fellow-
ship training so I took to it really easily—it wasn’t as difficult 
to learn when you have already adopted other techniques, 
and at that time, it was really just angioplasty and stenting. I 
really like the philosophy of atherectomy, which has luminal 
gain and removal of the plaque, allowing the vessel to be 
more compliant with minimal trauma. Everything else that 
we do to the vessel in order to get luminal gain causes more 
injury and trauma and sets you back a year from now, when 
you have disease recurrence. 

I use atherectomy, depending on the lesion, almost every-
where. In the femoral, popliteal, or below-the-knee distribu-
tion, atherectomy is probably my first line of defense. It then 
allows you to decide how you want to treat after. I’m not a 
big stenter; however, I will use focal stenting, depending on 
how much lesion or disease is left behind. I think it’s a great 
platform for DCBs and possibly drug-eluting stents (DESs) 
once we have a little bit more data. 

Dr. Mustapha:  I try to marry each atherectomy device 
with the type of lesion or plaque that I’m facing at the time. 
In our institution, we use extravascular ultrasound, and that 
has been extremely helpful. We evaluate the plaque that 
we’re dealing with and actually make a decision on which 

... for the first time, we have seen 
fewer patients coming back with 
restenosis since DCBs have been 

out, and atherectomy does make a 
big difference in those patients ...

—Dr. Mustapha
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type of atherectomy device we’re going to use based on 
what we saw. [Under fluoroscopy,] we tend to undersize the 
vessel significantly, especially in the SFA/popliteal and tibial 
vessels. Based on what we see on ultrasound, we are able to 
debulk or modify the vessel [plaque] more accurately.

Dr. Shimshak:  For me, it really comes down to plaque 
burden. When you begin to look at these vessels from a 
physical standpoint, you begin to realize why balloon angio-
plasty has failed at the most basic level. Remember, you can-
not achieve an adequate lumen just by compressing that 
material. By the same token, even if you are an aggressive 
stenter, you [may] not be able to achieve optimal luminal 
dimensions of the stent even with the highest-performing 
stents today without preparing that vessel, in my opinion. 
I think balloon angioplasty is not enough. As Dr. Noor said, 
there is no question that as we begin to embark on prepar-
ing the vessel with balloon angioplasty when these vessels 
are highly calcified, there’s a high incidence of dissections 
that are generated, which impacts patency and the durabil-
ity of whatever intervention you perform. 

Dr. Davis:  To add onto that complexity, as years go on, 
we all push the envelope in terms of the types of vessels 
we’re willing to treat. As the complexity of lesions increases, I 

think atherectomy really is almost imperative in those types 
of lesions—long calcified lesions, thrombotic, and mixed 
lesions. As we push the limit, that’s where we need it more. 

Dr. Mustapha:  Intimal calcification is different than 
medial calcification. Intimal calcification is the one that 
actually causes the problem for us, in particular if you 
deploy a stent without prepping the vessel properly—this 
is where you see the stent kinked. Intimal calcification has 
a significantly higher density of calcium deposit in it versus 
medial calcification. This is where the term “debulking” ver-
sus modifying the plaque comes into play. Knowing what 
kind of lesion you’re dealing with is extremely important. 
Sometimes you may not be able to debulk it, so you modify 
it, and you will be able to dilate it. 

Dr. Shimshak:  To Dr. Mustapha’s point, 360° calcifi-
cation cannot be approached with angioplasty or any 
other device short of debulking. In my practice, the other 
traditional subset, as Dr. Davis alluded to, that we backed 
off from and now are pushing the envelope on, would 
be common femoral disease. I don’t think every [case of] 
common femoral disease needs to be treated with end-
arterectomy. I think there are subsets that can be treated 
with endovascular techniques, and I think intravascular 

EVT:  In your practice, in which lesion types are 
you choosing to perform vessel prep with ather-
ectomy prior to DCBs? 

Dr. Shammas:  I use atherectomy frequently prior to DCBs 
or plain old balloon angioplasty in any lesion > 10 cm long, 

any total occlusions (if you cross intraluminally), or calcified 
plaque—irrespective of length. 

Why do I do this? We have seen that these particular lesions 
are high risk for dissections and stenting, and I try to use a no-
stent strategy in my lab as much as possible to keep the vessel 
intact for potential future treatments and avoid potential stent-
related problems. With that no-stent strategy, atherectomy has 
become very important in my lab. If you look at the lesions that 
have the highest predictor for the need for stenting and the lesions 
that are more likely to dissect, they are calcified long lesions, total 
occlusions, and complex lesions (TASC C and D). With that in 
mind, these particular vessels are treated with atherectomy in 
my lab almost routinely. I have been performing atherectomy for 
over 15 years now, which has reduced my stenting rate to < 10%. 
Atherectomy is quite the tool to allow me to have the best acute 
procedural success. 

EVT:  Do you think thrombus is underappreciat-
ed in peripheral artery lesions? How important 
is clearing the thrombus barrier prior to utilizing 
DCBs? 

Dr. Shammas:  Clots can be of different ages, and different 
age clots bind paclitaxel in different ways and allow diffusion 
of the drug in different ways, creating a milieu that is highly 
unpredictable to how much drug can penetrate into the vessel 

ATHERECTOMY AND DCBs: A Q+A WITH DR. NICOLAS W. SHAMMAS
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ultrasound (IVUS) is the guide for that, correlated with 
angiograms. 

EVT:  Despite a lack of level 1 data, what inspires 
your confidence in using atherectomy prior to DCB? 
What would you say to peers of yours who have not 
yet incorporated vessel prep with atherectomy into 
their practice, prior to using DCB in certain lesion 
types?

Dr. Noor:  It’s unfortunate that atherectomy doesn’t have 
good level 1 evidence. It’s probably a failure on all of our parts 
that there isn’t good level 1 evidence that allows you to com-
pare such a good modality of treatment with other standard 
modalities out there. But if I had to do every case with level 1 
evidence, I would only get half my cases done, realistically. 

It does take time. The problem with atherectomy is that 
there is a learning curve, and it’s a steep learning curve. 
There are multiple devices out now, so it’s difficult to be 
able to learn each one of them, but if you would pick one or 
two, you could use it. It’s not as easy and fast as angioplasty 
and stenting—it’s a labor of love—but I think you offer your 
patients a very good solution. 

Dr. Beasley:  When you take a look at IVUS and see the 
concentric luminal gain after atherectomy, and you take 

the Fanelli results into account, and then the dispersion of 
the balloon and paclitaxel into the wall, when you improve 
the wall apposition—it’s an argument you make without 
level 1 evidence, but it’s an argument that I think that most 
reasonable folks can understand. 

Dr. Shimshak:  I think it’s a leap at this point; we don’t 
have the robust datasets that we want. I think it will come, 
but the message I would convey to people who are not 
yet embracing atherectomy, to help them understand the 
power of that therapy, would be to begin to use IVUS if 
they’re not using IVUS. I think that is the key element in 

As the complexity of lesions 
increases, I think atherectomy really 
is almost imperative in those types 
of lesions—long calcified lesions, 
thrombotic, and mixed lesions. As 
we push the limit, that’s where we 

need it more.
—Dr. Davis

wall. In my mind, the presence of a thrombus is equal to unpre-
dictability of drug absorption into the vessel wall. If we can take 
care of the thrombus and remove it as much as possible, I think 
that would create more homogeneous, predictable drug diffu-
sion into the target lesion. 

With that in mind, I use the JETSTREAM™ Atherectomy 
System (Boston Scientific Corporation), because it’s also approved 
for thrombectomy. I use it to treat both fibrous plaque and 
thrombus, and I try to remove as much of this plaque-thrombus 
burden as I can safely. The presence of a thrombus is also a high 
predictor for distal embolization, so particularly in total occlu-
sions, I tend to use filters on a routine basis because we know very 
well that embolic debris will likely occur during the treatment. 

EVT:  How important is creating concentric 
lumens or circumferential lumens with atherec-
tomy in order to create a uniform landing zone 
for DCB? 

Dr. Shammas:  My own particular preference is to maintain 
the rotational cutting within the intima and the superficial 
media rather than go deep into the media and the adventitia. 
There is a very interesting study that was recently published in 
the Journal of Endovascular Therapy that discussed the impact 
of deeper cuts into the media and the adventitia.1 Strikingly, it 
showed that a very high rate of patency loss would occur when 
you cut very deep into the media and adventitia, supporting 
the hypothesis that restenosis, to a large degree, originates from 

the outer and deeper layers of the artery. To me, atherectomy is 
about vessel modification and about getting the least amount 
of deeper trauma into the vessel wall. I think this is a very 
important concept and raises the question of whether rotation-
al cutting may lead to less restenosis than random directional 
cutting. 

EVT:  What type of clinical data would you like to 
see in the future regarding atherectomy and DCB?

Dr. Shammas:  Peripheral vascular intervention lags behind 
the coronary world by years, and the reason for that is the 
lack of good, randomized data. I’d like to start seeing a move 
from just registries—which are also important—but, we need 
to move into the world of randomized trials that are powered 
enough to prove a point. 

We need to be able to prove and get the message out there 
that atherectomy devices added to a DCB can be highly effec-
tive in reducing acute failure, and at the same time will likely 
have an impact on the long-term patency and reduction of 
target lesion revascularization. I would also like to see a trial of 
atherectomy with DCB versus DCB only that is powered and 
large enough to at least show that the additional vessel prep 
and the additional vessel modification would lead to better 
outcomes acutely as well as in the long term.  n

1.  Tarricone A, Ali Z, Rajamanickam A, et al. Histopathologicial evidence of adventitial or medial injury is a strong predictor 

of restenosis during directional atherectomy for peripheral artery disease. J Endovasc Ther. 2015;22:712-715.
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understanding the utility of this approach. Then, be guided 
by atherectomy coupled with other new technologies that 
do have more proven efficacy. 

Dr. Mustapha:  Stents did not always have level 1 evi-
dence. Eventually, atherectomy will have level 1 evidence, 
and operators who don’t use atherectomy today will hope-
fully see the value of atherectomy then. We had an atherec-
tomy study [DEFINITIVE LE, Medtronic] that had a patency 
rate similar to stenting, so you already have something that 
tells you atherectomy is as effective as stenting in certain 
situations. 

Many operators are reluctant to make the shift toward 
atherectomy utilization. In part, it could be due to the ease 
of use of a stent and/or not wanting to invest the time 
using atherectomy. In my opinion, atherectomy is the first 
tool to think of when trying to achieve the most effective 
vessel prep.

Dr. Davis:  I go back to my Stone Age days when I was 
just using balloon angioplasty in the coronary [arteries], 
and then stents came out, and we always [thought] we 
shouldn’t stent all the time, we should do bailout stenting. 
[Then] all of a sudden, stenting became this phenomenal 
thing. Then DESs came out, but because of the cost, you 
only used them in certain areas and at certain times. Now, 
if you don’t put a DES in there, you’re committing malprac-
tice unless there’s a good reason not to. So I think part of 
this is cost—costs have come down, and I think we’ve got-
ten used to the outcomes there. 

I think drug delivery is here to stay, and right now, we 
have DCBs as our delivery system. Who knows where the 
technology is going to go and what’s going to be the best 
delivery system, but that’s what our system is. 

EVT:  How are you currently making the decision 
on which atherectomy device to use for vessel prep 
prior to using a DCB?  

Dr. Shimshak:  Calcium is critical to remove and prepare 
the vessel, but I also think it’s plaque burden. Whatever 
device offers you the ability to debulk varying morphologies 
is my go-to device. There aren’t very many that fit that bill. 
Most of the atherectomy devices are better for some things 
than others, but in my clinical practice, the JETSTREAM™ 
Atherectomy System (Boston Scientific Corporation) gives 
you predictability for varying lesion morphologies. Even 
for the non-IVUS users, I think there’s comfort in that, if 
you don’t understand the extent of disease, the device will 
perform admirably regardless of what kind of morphology 
you’ve encountered—soft plaque, eccentric, concentric, 
varying degrees of calcium, thrombus—it provides function-
ality for all those lesion morphologies. 

In my practice, I would say over 90% [of the time, the] 
atherectomy device that I select off the shelf is JETSTREAM, 
for the reasons that I’ve already discussed. It gives me high 
performance for varying lesion morphologies, it’s predictable, 
and it has a safety profile that’s desirable. The aspiration is 
key, and I find it to be very desirable regardless of where I am. 

Dr. Noor:  Any time you performed a peripheral vascular 
intervention and you’re concerned about thrombus, it’s 
almost a contraindication to do anything because before, 
if you embolized the thrombus, we didn’t have a lot of 
options. We had to lyse it and then you had to go back in 
and treat the underlying lesion. 

But with newer technology, you can still go in and lyse 
it or use the AngioJet™ Thrombectomy System (Boston 
Scientific Corporation) and then treat it with atherectomy, 
or use JETSTREAM, which allows you to do both [ather-
ectomy and thrombectomy, due to JETSTREAM having 
an indication for both]. The concept of being able to treat 
the thrombus and the underlying disease at the same time 
is very attractive not only for the patient and the time 
spent in the lab, but also from a cost standpoint. There are 
a lot of advantages to doing that, and your complication 
rate hopefully is lower with or without a filter, depending 
on how comfortable you are using one or not. 

Dr. Davis:  There is a lot more thrombotic disease that we 
just don’t recognize in these lesions. Dr. Shimshak, as you’ve 
noticed, too, that’s why by IVUS, with the virtual histology, 
you see it. When you do an OCT, the thrombotic areas are 
much more evident. A surgeon would probably recognize 
it more than we would, but as interventionists, you don’t 
really recognize exactly how much thrombus you’re dealing 
with on occlusive disease in the SFA. 

Dr. Beasley:  For the great majority of the SFA, [I use] 
rotational atherectomy because you have the benefit of 
not only being able to get a really nice channel, but also a 
very concentric luminal gain that you can then use for your 
adjunctive treatment modality, be it DCBs or stenting. You 
also have that aspirational component where you can at 
least be sure of yourself that you’re pushing through and 
debulking this plaque.  n

... in my clinical practice, the 
JETSTREAM Atherectomy System 

gives you predictability for varying 
lesion morphologies.

—Dr. Shimshak
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EVT:  As someone who has had the opportu-
nity to use drug-coated balloons (DCBs) for a 
number of years, what would you say to the US 
physicians who are looking to understand how 
well DCBs work?

Prof. van den Berg:  When we started using DCBs 
5 years ago, we actually didn’t know anything about how 
they worked or whether they worked. So in that respect, 
being a little bit late may be an advantage, because we 
know now how they work. When we started, not having 
any data, we were just using those balloons in difficult 
lesions. We now have, more or less, the picture that it 
also works in primary lesions—at least TASC A and B.

EVT:  Is that knowledge you’ve gleaned from 
the randomized studies or from your own 
practice? 

Prof. van den Berg:  It’s mainly from the randomized 
studies. Seeing that it worked in my own practice also 
helps, but I think when you have the confirmation from 
larger randomized trials, then you can really be confident 
that the new technique is working.

EVT:  From a clinical standpoint, what are some 
of the salient points about vessel prep that 
you have learned over the past several years? 

Prof. van den Berg:  Vessel preparation can be very 

helpful. In patients who don’t have [a lot of] calcification 
in the vessel wall, you can do it with just optimal balloon 
angioplasty. In cases where patients have highly calcified 
SFAs, then you probably need to do something addi-
tional [such as atherectomy]. 

Regarding optimal balloon angioplasty, I think it’s 
important to be very meticulous with your technique. 
A lot of people just inflate a balloon rapidly and deflate 
very rapidly, and that’s one of the things that probably 
enhances the incidence of restenosis by creating this 
trauma to the vessel wall. By gently inflating the balloon, 
you really give the vessel some time to adapt to the bal-
loon, not creating much vessel wall injury. By leaving the 
balloon inflated for a long time, recoil will probably be 
much less. We know this from studies in the past, in the 
1980s and 1990s, when stents were not available, and 
people had balloon angioplasty as the only tool. Even in 
the long lesions with long dissections, you can actually 
get rid of the complication of dissection with a long bal-
loon inflation. That is something we had forgotten about 
when long stents became available for the SFA. 

EVT:  In heavily calcified lesions, what are some 
of the additional steps that you try to take? 

Prof. van den Berg:  One of the problems with the 
heavily calcified lesions, as we know from the Fanelli 
study, is that the calcium is really interfering with the 
good results of DCBs.1 You probably need to get rid of 
(or crack) the calcium in order to enhance the results in 
those specific patients. Fanelli et al made a classification 
from grade 1 to 4, and they really saw a drop off in pri-
mary patency in the grade 4 lesions that had calcium all 
around the vessel wall, almost at 360°. So, the idea is to 
get that out in order to get better results with the DCBs. 

There are some data from a small study from Cioppa 
et al2 in Italy that indicate that by using atherectomy to 
take out the calcium and then following up with a DCB 

With a 5-year head start using DCBs before US physicians, Prof. Jos van den Berg shares 

his take on best practices with this tool, as well as the available data. 
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EVT:  What type of trial data do you want to 
see moving forward in the atherectomy and 
drug-coated balloon (DCB) space, and why? 
What type of “real world” questions might the 
data help to answer?

Dr. Garcia:  What we really need now is head-to-head 
comparisons. At the end of the day, everybody is going 
to be looking for superiority trials. 

I suspect that for a superficial femoral artery (SFA) or 
an infrapopliteal segment, which is so inhospitable for 
everything we do endovascularly, that as long as you 
get a primary patency and the pattern of restenosis is 
less aggressive than what you first started with, then 
the therapy for that is a lot cheaper. What you spend 
up front becomes absolutely critical to the health care 
dollar downstream, and that’s where I think we’re going 
to win or lose on a lot of these head-to-head trials. 

The combination therapy of atherectomy and DCB 
has a large cost, but if the downstream side is that you 
have a 91% primary patency, and of those 9% that fail, 
they fail in focal ways, then the downstream reinterven-
tion for any patient who needs it is a balloon. [This is 
more cost efficient] as opposed to having a similar up 
front cost [with a stent] and having a failure that may 
become an occlusion, which may then require more 

expensive reintervention, so your health care dollar just 
got wasted. I think that is where we’re going with ACO 
models and primary payers—we’re going to have to 
focus a lot on the health care economics.

EVT:  You have been intimately involved in 
both atherectomy and DCB trials. What have 
you learned in your experience that you’re 
applying to your practice today about both of 
those? 

Dr. Garcia:  We’ve championed atherectomy for a lot 
of years, and I still believe that the technology, in and of 
itself, particularly for the SFA, is a very viable and valu-
able commodity for how we treat our patients when it 
comes to treatment for claudication. The DCB world, I 
think, is the holy grail. A lot of us in the United States 
have seen other parts of the world, particularly Europe 
and Asia, get DCBs for so many years, and we felt left out. 
However, once DCBs got here, I think many of us have 
gravitated to using them in these anatomic locations, 
particularly the SFA. 

In my particular practice, I have found that the com-
bination of therapy, both with atherectomy as well as 
with DCB is very useful. My hope is that our anecdotal 
experience translates scientifically when testing com-
bination therapy versus DCBs alone, or against what 
should be considered the standard right now, which is 
Zilver PTX’s (Cook Medical) 5-year data. Eventually, we 
have to go against other therapies, and if the endopros-
thesis wins, then it will save a lot of time, but we should 
prove it. If it fails, and atherectomy is proven to be best 
with the combination therapy, then we should gravi-
tate toward that. 

In my particular practice, I’ve always been somebody 
who likes to leave nothing behind, and it’s interesting 
to see the worldwide consensus come back to the folks 
who used to stent a ton and now say that they are leav-
ing nothing behind. I think we’ve all learned that once 
you put a stent in there, it’s in there forever, and you 
have to deal with it in some way, shape, or form in the 
future.  n 

Dr. Lawrence A. Garcia shares his thoughts on what is needed most from future trials 

and reflects on his key learnings in this space.

The Data Behind Atherectomy and 
Drug-Coated Balloons 

Lawrence A. Garcia, MD 
Section of Interventional Cardiology and 
Peripheral Interventions
St. Elizabeth’s Medical Center
Boston, Massachusetts.

He has disclosed that he does research for and is a noncom-
pensated consultant for Abbott Vascular and Medtronic; 
is a noncompensated consultant for Bard Peripheral 
Vascular, Cook Medical, TriVascular, and Boston Scientific 
Corporation; is a compensated consultant for St. Jude 
Medical; and has equity in CV Ingenuity, Primacea, Spirox, 
Tissue Gen, Arsenal, Syntervention, Essential Medical, and 
Scion Cardiovascular. 
Dr. Garcia may be reached at lawrence.garcia@steward.org.
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JETSTREAM: ATHERECTOMY WITH ACTIVE ASPIRATION

Peripheral artery disease (PAD) is a major cause of 
morbidity and mortality in the United States, affect-
ing 8 to 12 million people. The incidence of PAD 

increases in the presence of well-defined atherosclerotic 
risk factors, including cigarette smoking, diabetes mel-
litus, hypertension, hyperlipidemia, and advanced age, 
and is estimated to affect > 20% of adults aged 55 years 
and older. When symptomatic, PAD may adversely have 
an impact on functional capacity, ability to work, and 
quality of life. Furthermore, PAD is associated with sig-
nificant social and economic costs1 and increases the 
risk of future cardiovascular events.

Advances in percutaneous catheter-based therapies 
have led to improved early and late clinical results 
in symptomatic patients.2 Successful percutaneous 
revascularization improves quality-of-life measures, 
functional capacity, amputation rates, and survival in 
patients with intermittent claudication and critical 
limb ischemia. Use of adjunct devices and improved 
procedural outcomes have resulted in an increase in 
the number of PAD patients treated with endovascular 
therapy. The number of endovascular procedures has 
doubled for patients with intermittent claudication, 
and it has increased fourfold in patients with critical 
limb ischemia.2

Endovascular therapy of the superficial femoropop-
liteal arterial segment has historically been challenging. 
Although overall procedural results have been favor-
able, late results have been limited by unacceptable 
high restenosis rates and recurrent symptoms. The 
atherosclerotic disease process in the femoropopliteal 
arterial segment is often diffuse with complex histo-
logic morphologies, including soft or fibrous tissue, 
thrombus, and superficial and deep calcium. In addi-
tion, chronic total occlusions (CTOs) are common 
(Table 1).3 These factors have limited the utility of bal-
loon angioplasty alone for sustainable favorable results 
and have led to the use of alternative therapies, includ-

ing stenting (bare-metal, drug-eluting, and covered 
nitinol stents), atherectomy, and more recently, drug-
coated balloons (DCBs). 

The JETSTREAM Atherectomy System (Boston 
Scientific Corporation) is intended for use in atherec-
tomy of the peripheral vasculature and to break apart 
and remove thrombus. It consists of a sterile, single-use 
catheter and control pod and a reusable power con-
sole. The catheter is compatible with an 0.014-inch wire 
(including the Thruway™ Guidewire [Boston Scientific 

Strategies for effective treatment of PAD in the era of drug-coated balloons and 

contemporary stenting.

Effective Debulking With the 
JETSTREAM™ Atherectomy System

BY THOMAS M. SHIMSHAK, MD, FACC, FSCAI

TABLE 1.  LESION LOCATION AND 
CHARACTERISTICS*

Variable No. (%) or Mean ± SD

Stenosis 1,334 (62.4)

Chronic total occlusion 615 (28.8)

In-stent restenosis 188 (8.8)

Mean length, mm 100.8 ± 9.4

Location

  Femoral 660 (30.9)

  Popliteal 266 (12.4)

  Tibial 513 (24.0)

  Bypass graft 59 (2.7)

  Multilevel 389 (18.3)

TASC classification

  A 297 (13.9)

  B 632 (29.5)

  C 592 (27.7)

  D 616 (28.8)

*Based on data from Shrikhande GV, Khan SZ, Hussain HG, 
et al. Lesion types and device characteristics that protect distal 
embolization during percutaneous lower extremity interven-
tions. J Vasc Surg. 2011:53:347-352.3
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Corporation]) and 7-F sheath. It consists of a five-
flute, front-end cutting tip that rotates at 70,000 to 
73,000 RPM. Catheters are available in a variety of sizes, 
including two with nonexpandable cutters (1.6 mm 
or 1.85 mm), and two catheters with expandable cut-
ters (2.1/3.0 mm, and 2.4/3.4 mm) (Figure 1). The 
JETSTREAM Atherectomy System is designed to treat a 
variety of lesion morphologies including soft, fibrotic, 
calcified, and/or thrombus. By virtue of its property of 
differential cutting, it preferentially cuts atheromatous 
disease, while sparing normal tissue. It also incorpo-

rates dynamic and continuous aspiration of particulate 
debris and thrombus, a feature that reduces distal 
emboli and improves device and procedural safety. 
Although other atherectomy systems have demonstrat-
ed effectiveness in removing calcium, the JETSTREAM 
Atherectomy System is unique in terms of combining 
differential cutting with dynamic aspiration (Table 2).

 
CASE PRESENTATIONS*
Case 1: Diffuse Distal SFA and Popliteal CTO

A 78-year-old woman presented with severe, limit-
ing, intermittent claudication of her right leg. She had 
undergone complex endovascular therapy of her left 
leg several months earlier, after presenting with an 
ischemic great toe ulcer. The ulcer had healed, but she 
had limiting exertional right calf pain, which had been 
present for more than 6 months. Previous CT angi-
ography had demonstrated wide patency of the right 
common and external iliac arteries, common femoral 
artery (CFA) and profunda, and proximal right super-
ficial femoral artery (SFA). The distal right SFA was dif-
fusely diseased, and the popliteal artery was chronically 
occluded. 

The interventional procedure was completed using 
antegrade access with a 7-F sheath, demonstrating a 
diffusely diseased, calcified distal right SFA with mul-
tiple subtotal stenoses. The proximal portion of the 
popliteal artery was chronically occluded with reconsti-
tution of the midportion of the popliteal artery via col-
laterals (Figure 2). The distal popliteal artery had a dis-

Figure 1.  The JETSTREAM Atherectomy System cutters. Two 

different expandable cutter (XC) catheters are available in 

sizes 2.1/3.0 mm and 2.4/3.4 mm. The single cutter (SC) cath-

eters have fixed, nonexpandable cutters and are available in 

two sizes, 1.6 mm and 1.85 mm. All catheters are 7-F sheath 

and 0.014-inch guidewire compatible (including the Boston 

Scientific Thruway Guidewire. It is also approved for use with 

Atherectomy Lubricants, such as Rotaglide™ Lubricant). 

eXpandable Cutters (XC)

Single Cutter (SC)

2.1/3.0 mm

2.4/3.4 mm

1.85 mm

1.6 mm

TABLE 2.  COMPARISON OF PROPERTIES OF DIFFERENT ATHERECTOMY DEVICES

JETSTREAM™ 
Atherectomy 
System 
(Boston 
Scientific 
Corporation)

Peripheral 
Rotablator™ 
Rotational 
Atherectomy 
System (Boston 
Scientific 
Corporation)

Diamondback 
360™, 
Stealth 360™ 
Atherectomy 
System 
(Cardiovascular 
Systems, Inc.) 

SilverHawk™, 
TurboHawk™ 
Plaque Excision 
System 
(Medtronic)

Turbo-
Elite Laser™ 
Atherectomy 
Catheter 
(Spectranetics 
Corporation)

Front cutting ✔ ✔ N/A

Differential cutting ✔ ✔ ✔ N/A

Active aspiration ✔

Concentric lumens ✔ ✔

Lesion morphology:

Calcium ✔ ✔ ✔ ✔ (large vessel only) ✔

Thrombus ✔ ✔

Sources: Endovascular Today Buyer’s Guide 2014. JETSTREAM System Brochure, Boston Scientific Website, 2014. Peripheral Rotablator product 
website, Boston Scientific, 2014. Diamondback 360 product website, CSI, 2014. Covidien website, Directional Atherectomy products, 2014. Turbo-
Elite Laser Atherectomy Catheter Instructions for Use, May 2014.

*Results from case studies are not necessarily predictive of results in other cases. Results in other cases may vary.
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crete subtotal stenosis. There was diffuse infrapopliteal 
disease, characterized by an occluded distal peroneal 
artery and proximal occlusion of the posterior tibial 
artery. The anterior tibial artery was widely patent.

After administering 2,500 units of intravenous (IV) 
heparin, a 0.018-inch, 300-cm-long, 30-g Victory™ 
Guidewire (Boston Scientific Corporation) was used 
to recanalize the CTO using a 4-F angled Glidecath® 
(Terumo Interventional Systems). The wire tip was 
directed freely into the anterior tibial artery with fluoro-
scopic guidance. After recanalizing the occluded popli-
teal artery, an additional 5,000 units of IV heparin were 
administered to achieve a therapeutic activated clotting 
time. After exchanging for a 0.014-inch guidewire, the 
popliteal artery and distal SFA were then dilated with a 
2- X 150-mm balloon catheter, performing multiple over-
lapping inflations encompassing the mid and proximal 
popliteal artery and distal SFA. The 0.018-inch guidewire 
was exchanged for a 0.014-inch, 315-cm-long BareWire 
(Abbott Vascular) delivery wire. Intravascular ultrasound 
(IVUS) was then performed using the 2.5-mm Eagle Eye® 
Platinum IVUS catheter (Volcano Corporation). Virtual 

histology and Chromaflo (Volcano Corporation) were 
used to assess the disease severity, extent of calcium, 
lesion morphology, and vessel dimensions and found 
severe fibrocalcific disease with mixed thrombus and 
extensive superficial calcium encompassing a > 270° arc 
of calcium (Figure 3). 

The JETSTREAM Atherectomy System was used to 
debulk the lesion and remove calcium. Prior to intro-
ducing the 1.6-mm cutter, a 4- to 7-mm Emboshield 
NAV6® (Abbott Vascular) was deployed in the distal 
popliteal artery. The 1.6-mm cutter was advanced 
manually just proximal to the disease. The device was 
then activated, and two passes were made, encompass-
ing the entire length of the diseased segment. This was 
followed by additional passes with the 2.1- to 3-mm 
cutter. Adjunctive angioplasty of the distal SFA and 
proximal popliteal arteries was performed with a 4-mm 
Chocolate® balloon (Cordis Corporation). A 4.5-mm 
braided self-expanding stent was deployed in the distal 
SFA with minimal elongation. Final angiogram and IVUS 
demonstrated wide patency and full stent apposition 
(Figures 4 and 5). The distal popliteal lesion was also 

Figure 2.  Distal right SFA (A). CTO of the proximal popliteal artery (B). Reconstituted midpopliteal artery (C).

A B C

Figure 3.  IVUS using virtual histology of the popliteal artery following recanalization and predilatation. Eccentric dense fibrocal-

cific plaque with scattered thrombus and an extensive arc of superficial calcium encompassing > 270° (A). Eccentric fibrocalcific 

plaque and scattered associated thrombus (B). Predominantly fibrous plaque and localized thrombus and superficial calcium (C). 

A B C
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treated with the 2.1-mm JETSTREAM Atherectomy 
System. The patient’s postprocedure course was unevent-
ful. She was discharged the following day and remained 
stable and symptom free at 6-month follow-up. 

Case 2: Complex Calcific Disease in the CFA, 
Profunda, and SFA

An 84-year-old man presented with severe, bilat-
eral exertional calf discomfort after walking < 1 block. 
Noninvasive evaluation included a resting ankle-brachial 
index in the right leg of 0.68. He underwent CT angio
graphy, which demonstrated discrete, high-grade disease 
of the right CFA and of the proximal and distal right 
SFA. He had two-vessel runoff below the knee, consist-
ing of the anterior tibial and peroneal arteries. He was 
referred for selective right iliofemoral arteriography and 
runoff and possible endovascular therapy. Contralateral 
access from the left femoral artery using a 6-F Flexor® 
Ansel sheath (Cook Medical) was used. Selective right 
iliac arteriography demonstrated highly calcified, com-
plex disease and critical obstructive disease of the right 
SFA with an eccentric subtotal (95%) stenosis. There 
was also high-grade disease at the origin of the profunda 
artery, with an eccentric 85% to 90% stenosis. The CFA 
was extensively calcified and had significant distal disease 
just proximal to the bifurcation (Figure 6). The patient 
was given 5,000 units of IV heparin, and the right SFA 
was crossed with a 0.014-inch 30-g Victory™ Guidewire. 
A second 0.014-inch, ChoICE™ PT Guidewire (Boston 
Scientific Corporation) was directed into the profunda 
artery using a two-wire technique. A series of sequential 
balloon inflations were then performed with 2.5-mm and 
3-mm X 20-mm balloons, dilating the CFA-SFA origin, 
followed by the CFA-profunda arteries. The balloons 
were inflated to 10 to 12 atm, and full balloon expansion 
was achieved. 

At this point, the CFA, SFA, and profunda artery were 
evaluated with the 2.5-mm Eagle Eye® Platinum IVUS 
catheter. IVUS demonstrated a dense, extensive arc of 
superficial calcium of the SFA, encompassing > 270° of 
the luminal circumference (Figure 6). Based on the arte-
riographic findings and the IVUS data, the JETSTREAM 
Atherectomy System was used. A 4-F Glidecath® was 
advanced over the 0.014-inch-long guidewire into the 
mid-SFA. The 0.014-inch guidewire was exchanged for 
a 0.035-inch, 300-cm Supra Core® (Abbott Vascular) 
guidewire. The 6-F sheath was then exchanged for a 7-F 
Flexor Ansel® contralateral sheath, which was advanced 
to the distal right external iliac artery. An additional 
2,500 units of IV heparin were administered to achieve 
a therapeutic activated clotting time. The Glidecath® 
was reintroduced over the Supra Core® wire to the 

Figure 4.  The JETSTREAM Atherectomy System was used 

on the right distal SFA, which had associated calcium (A). 

Final arteriogram of distal SFA after using the JETSTREAM 

Atherectomy System, angioplasty, and stenting (B). Final 

arteriogram of the popliteal artery after using the JETSTREAM 

Atherectomy System and balloon angioplasty (C).

A B C

Figure 5.  IVUS images of the popliteal artery after 

JETSTREAM Atherectomy, adjunctive balloon angioplasty (A), 

and stenting (B). Posttreatment IVUS showed significant 

calcium and plaque removal and an increase in luminal 

cross-sectional area compared to pretreatment. 

A B

Figure 6.  Angiogram of the right CFA, SFA, and profunda 

artery (A). IVUS images of the CFA (B) and SFA origin (C). 

A B

C
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mid-SFA. The 0.035-inch wire was then exchanged for 
a 0.014-inch, 315-cm BareWire, which was advanced to 
the distal SFA, and a 4- to 7-mm Emboshield NAV6® 
was then deployed. The guidewire in the profunda 
artery was removed. The CFA and origin of the SFA 
were then treated with the 1.85-mm SC JETSTREAM 
catheter, followed by the 2.1- to 3-mm XC JETSTREAM 
catheter (Figure 7). 

After withdrawing the JETSTREAM catheter over the 
wire, repeat arteriography demonstrated significant 
improvement in the SFA, with < 50% residual disease. 
There was persistent high-grade disease at the origin 
of the profunda artery. The SFA was then dilated with 
a series of prolonged, low-pressure inflations using the 
5-mm balloon (Figure 7C) and 6-mm Chocolate® bal-
loon catheter. The CFA was ultimately dilated with 
a 7-mm balloon catheter (Figure 7D). A 0.014-inch 
ChoICE PT wire was then directed into the profunda 
artery, and the origin was then dilated with a 5-mm 
balloon catheter. Finally, kissing-balloon inflations 
were performed in both the profunda and SFAs. The 
final arteriogram demonstrated wide patency of the 
CFA and SFA and moderate eccentric disease of the 
proximal profunda artery (Figure 8A). Repeat IVUS of 
the SFA and CFA demonstrated a significant reduction 
in plaque burden, calcium, and an increase in cross-
sectional area (Figure 8B and 8C).

DISCUSSION
Both cases demonstrate the effectiveness of the 

JETSTREAM Atherectomy System in treating complex, 
calcified PAD. Preatherectomy IVUS characterized the 
location and extent of the lesion-specific calcium and 
the complex morphology of the disease. These cases 

also demonstrate that lesion morphology and complex-
ity may not be fully appreciated by angiography alone. 
IVUS characterizes vessel size, extent and severity of dis-
ease, and morphologic features, including the presence 
and location of calcium. The JETSTREAM Atherectomy 
System is effective in removing plaque and calcium, 
resulting in significant luminal cross-sectional area. It 
was particularly effective for highly calcified disease of 
the CFA and SFA. Despite the severity and complexity 
of the disease in this challenging location, a favorable 
procedural result was achieved with combined atherec-
tomy and balloon angioplasty. 

Why Is Calcium Removal Important?
Calcium is common in patients with PAD, and its pres-

ence adversely affects procedural results and long-term 
outcomes. The presence of calcium necessitates greater 
balloon inflation pressures, resulting in an increased rate 
of dissections after balloon angioplasty. Despite using 
high balloon inflation pressures, the presence of calcium 
and excessive plaque burden may limit stent expansion.4-7 
The presence of severe calcium limits the long-term effec-
tiveness of DCBs by interfering with effective drug absorp-
tion. In a recent analysis, 12-month patency of femoro-
popliteal arterial segments following treatment with a 
DCB was 50% for lesions with calcium encompassing 270° 
to 360°, versus 100% for lesions with calcium from 0° to 
90°. Compared to lesions with less severe calcium, exces-
sive calcium was associated with lower ankle-brachial 
indices, greater late-lumen loss, and high target lesion 
revascularization.8

Figure 7.  The 1.85-mm SC JETSTREAM cutter (A) and 2.1- to 

3-mm XC JETSTREAM cutter (B). Balloon angioplasty of the 

proximal CFA-SFA after JETSTREAM Atherectomy (C). Balloon 

angioplasty of the CFA-profunda artery after JETSTREAM 

Atherectomy (D). 

A B C

D

Figure 8.  Final angiogram of the right CFA, SFA, and profunda 

artery (A). Final IVUS image of the right CFA (B). Final IVUS image 

of the right SFA origin (C).

A B

C
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Benefits of the JETSTREAM Atherectomy System
The JETSTREAM Atherectomy System is effective 

in removing calcium in femoropopliteal disease. The 
safety and effectiveness of this device in removing mod-
erate to severe superficial calcium in de novo femoral 
and popliteal arterial occlusive disease was evaluated 
in the JETSTREAM Calcium Study.9 This prospective, 
multicenter registry used IVUS before and after ather-
ectomy to characterize the efficacy of the JETSTREAM 
Atherectomy System in removing calcium. The study 
demonstrated a significant reduction in stenosis diam-
eter (86%, preatherectomy; 37%, postatherectomy; 
and 10%, postadjunct therapy) and an increase in 
luminal area (pre: 6.6 ± 3.7 mm2; post: 10.0 ± 3.6 mm2; 
P = .001). In addition, calcium removal was responsible 
for 86% ± 23% of the increase in luminal area following 
treatment. The ability of the JETSTREAM Atherectomy 
System to remove plaque (including superficial cal-
cium) improves luminal diameter and cross-sectional 
area. These luminal gains are further enhanced 
by adjunct balloon angioplasty (plain-old balloon 
angioplasty or caged balloons). By virtue of plaque 
modification and calcium removal, the JETSTREAM 
Atherectomy System may lead to improved stent 
results using conventional self-expanding nitinol stents. 

Finally, the ability to remove calcium may also 
improve late results following use of adjunctive DCBs. 
The DEFINITIVE AR study,10 a prospective, multi-
center, randomized pilot study, evaluated the use of 
SilverHawk™ and TurboHawk™ (Medtronic) directional 
atherectomy systems and Bayer HealthCare’s peripheral 
paclitaxel-coated angioplasty catheter with Paccocath® 
technology. It was designed to assess the clinical ben-
efits of plaque removal using this device, followed by 
treatment with a DCB with an endpoint of 12-month 
angiographic patency. DEFINITIVE AR demonstrated 
higher technical success and a lower incidence of flow-
limiting dissections following this treatment strategy 
compared to using a DCB alone. Additionally, direc-
tional atherectomy combined with a DCB improved 
patency in long and severely calcified lesions. Primary 
patency rates for the long (> 10 cm) lesion subset at 
12 months as evaluated by duplex ultrasound were 
96.8% in patients treated with directional atherectomy 
and antirestenosis therapy (DAART) compared to 
85.9% in patients treated with a DCB alone. Primary 
patency rates at 12 months in severely calcified lesions, 
per core lab assessment, were 70.4% in DAART patients, 

compared to 62.5% in patients treated with DCB alone. 
DAART resulted in 94.1% primary angiographic patency 
when more plaque was removed with directional ather-
ectomy (< 30% residual stenosis was achieved), com-
pared to 68.8% patency when less plaque was removed 
(> 30% residual stenosis) before treatment with the 
DCB. 

CONCLUSION
PAD is complex and diffuse, and it is often associated 

with calcium deposition. The presence of calcium may 
limit the effectiveness of balloon angioplasty, stent-
ing, and DCBs. Calcium has also been associated with 
increased rates of dissection following balloon angio-
plasty. The JETSTREAM Atherectomy System is effective 
in removing calcium and leads to improved luminal 
dimensions and cross-sectional area. Plaque modifica-
tion using the JETSTREAM Atherectomy System may 
lower complication rates (dissection) and improve early 
and late results using adjunctive balloon angioplasty, 
stenting, and/or DCBs.  n

Thomas M. Shimshak, MD, FACC, FSCAI, is an inter-
ventional cardiologist for the Heart and Vascular Center, 
Florida Hospital Heartland Medical Center, in Sebring, 
Florida. He has disclosed that he is a consultant and 
speaker for Bayer, Volcano Corporation, and Boston 
Scientific Corporation; performs training programs for 
Bayer and Volcano Corporation; and receives research 
funding from Bayer. He receives honoraria from Bayer, 
Volcano Corporation, and Boston Scientific Corporation. 
Dr. Shimshak may be reached at tshimshak@gmail.com.
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The recently published JETSTREAM Calcium Study 
was a prospective, single-arm, multicenter study to 
evaluate the effect of the JETSTREAM™ Atherectomy 

System (Boston Scientific Corporation) when treating 
severely calcified peripheral arterial lesions in the common 
femoral, superficial femoral, or popliteal arteries caus-
ing claudication.1 The main question was whether the 
JETSTREAM Atherectomy System was effective in remov-
ing calcification. This was evaluated using both quantita-
tive and qualitative intravascular ultrasound (IVUS), by 
comparing preintervention and postatherectomy IVUS 
images. The two major findings were as follows: The 
JETSTREAM Atherectomy System removed and modified 
moderate to severe superficial calcium to achieve signifi-
cant lumen gain as standalone therapy; and adjunctive 
balloon angioplasty after calcium modification with the 
JETSTREAM Atherectomy System showed further lumen 
increase without major complications. In this study, the 
JETSTREAM 2.1/3.0 mm device was used for all procedures 
without distal protection. There were no major adverse 
events up to 30 days postprocedure.

WHY AN IVUS STUDY IS UNIQUE
Calcium was screened by angiography to identify moder-

ate to severe obstructive intraluminal calcification in the 
common femoral, superficial femoral, or popliteal arter-
ies. Lesions were evaluated by IVUS. Patients identified by 
angiography as possible candidates were included in the 

final analysis only if there was superficial calcium that had 
an arc > 90° and a length > 5 mm. Overall, 55 patients were 
screened; however, only 26 patients met the inclusion crite-
ria. Half of the lesions identified angiographically as having 
moderate to severe calcification did not have severe superfi-

Insights from the authors on removing severe superficial calcium to achieve significant 

luminal gain in femoropopliteal arteries.

Key Learnings From the JETSTREAM 
Atherectomy Calcium Study

BY AKIKO MAEHARA, MD; GARY S. MINTZ, MD; AND WILLIAM A. GRAY, MD

...major findings were as follows: 
The JETSTREAM Atherectomy 

System removed and modified 
moderate to severe superficial 

calcium to achieve significant lumen 
gain as standalone therapy. 

CASE STUDY 1: 
COMMON FEMORAL*

Figure 1.  Before (A) and after (B) successful revascular-

ization of a highly stenotic left common femoral artery.

Figure 2.  Pre-atherectomy IVUS image of the common 

femoral artery (lumen area = 2.4 mm²) (A) compared to post-

JETSTREAM image (B) illustrates impressive luminal gain and 

a circumferential lumen created with standalone JETSTREAM 

Atherectomy (lumen area = 8.6 mm²). Boston Scientific 

images on file from the JETSTREAM Calcium Study. 

A B

A B

*Results from case studies are not necessarily predictive of results in other cases. Results in other cases may vary.
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cial calcium (calcium within the lumen) at the lesion site as 
determined by IVUS. In these lesions, superficial calcification 
existed only in nonstenotic segments, or only deep calcifi-
cation (calcium within the vessel wall) was present at the 
stenosis site. Therefore, the first finding of this study was the 
limitation of peripheral angiography to detect and localize 
calcification in peripheral arterial lesions. Deep calcification 
may not affect luminal gain (ie, create a stenosis). Therefore, 
the differentiation between superficial and deep calcifica-
tion and their respective roles in severe stenosis is impor-
tant when evaluating the true efficacy of any atherectomy 

procedure and device. These findings are similar to the 
data reported by Mintz et al in coronary artery lesions.2 In 
that study, IVUS detected calcium in 841 of 1,155 coronary 
artery lesions (73%), while angiography detected calcium in 
only 440 (38%). Therefore, the overall sensitivity of angiogra-
phy relative to IVUS was 48%, with a specificity of 89%.

SIGNIFICANT LUMINAL GAIN ACHIEVED 
WITH JETSTREAM ATHERECTOMY

For the patients who were ultimately included in the 
study, first the preintervention and postatherectomy 
IVUS lumens were outlined. Second, the postatherec-
tomy IVUS images were overlaid onto their respective 
preintervention images. Assuming there was no change 
in total arterial area, the change in lumen area was 
attributed to either calcified plaque or noncalcified 
plaque removal (Figure 3). At the slice with the maxi-
mum calcium reduction, the lumen area increased from 
6.6 ± 3.7 mm2 preintervention to 10 ± 3.6 mm2 (P = .001) 
after atherectomy. The decrease in calcium area, mea-
sured as 2.8 ± 1.6 mm2, was responsible for 86% ± 23% 
of the lumen area increase. Additionally, the arc of 
reverberations increased from 25˚ (range, 15˚–35˚) to 
70˚ (range, 46˚–95˚), P = .001, indicating device-related 
modification of calcium. Therefore, the second lesson 
was that the JETSTREAM Atherectomy System increased 
lumen dimensions by calcium removal as well as by cal-
cium modification (increase in reverberations).

Figure 3.  Method of intravascular ultrasound analysis of cal-

cium reduction. The pretreatment IVUS (A). The correspond-

ing postatherectomy IVUS image (B). The analysis sequence 

is shown at the bottom. After identifying and matching the 

slices with calcium reduction, the lumen borders for both 

pretreatment (yellow circle: lumen area = 4.7 mm2) (C) and 

postatherectomy images (red circle: lumen area = 7.7 mm2) (E) 

were contoured, and the two were overlaid (D). By comparing 

the two contours to the visual assessment of plaque, lumen 

gain (3 mm2) could be attributed to a reduction of calcified 

plaque (blue area = 1.1 mm2) or to a reduction of noncalcified 

plaque (red area = 1.9 mm2). Reprinted from Maehara A, Mintz 

GS, Shimshak TM, et al. Intravascular ultrasound evaluation 

of JETSTREAM atherectomy removal of superficial calcium in 

peripheral arteries. EuroIntervention. 11(1), 96-103, Copyright 

2015, with permission from Europa Digital & Publishing.

Figure 4.  Representative case of pretreatment, postatherec-

tomy, and postballoon final images. The lumen increased from 

pretreatment (5.2 mm2) to postatherectomy (6.9 mm2) to post-

balloon (12.1 mm2) without dissection. Reprinted from Maehara 

A, Mintz GS, Shimshak TM, et al. Intravascular ultrasound evalu-

ation of JETSTREAM atherectomy removal of superficial calcium 

in peripheral arteries. EuroIntervention. 11(1), 96-103, Copyright 

2015, with permission from Europa Digital & Publishing.

At the slice with the maximum 
calcium reduction, the lumen 

area increased from 6.6 ± 3.7 mm2 
preintervention to 10 ± 3.6 mm2  

(P = .001) after atherectomy. 

A

C D E

B
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VESSEL EXPANSION WITHOUT VESSEL 
DAMAGE

In the 11 lesions that had postadjunctive balloon 
IVUS images, the minimum lumen area increased fur-
ther from 7 mm2 (range, 6.4–7.8 mm2) after atherec
tomy to 11.9 mm2 (range, 10.3–13.5 mm2) after adjunct 
balloon inflation (P < .01). However, the prevalence 
of dissections also increased from 3/11 after atherec-
tomy to 8/11 after adjunct balloon inflations (P = .03). 
However, the maximum angle of the dissection flap was 
minor (42° [range, 17°–66°]) with a preserved lumen 
area (15.6 mm2 [range, 13.4–17.7 mm2]) within the dis-
section. The dissections were non-flow limiting. Also, 

the higher resolution of IVUS imaging versus angio
graphy most likely led to a higher detection rate. Thus, 
the third and final lesson was that the JETSTREAM 
Atherectomy System allowed additional lumen increase 
by facilitating vessel expansion without significant 
vessel damage (ie, dissection), presumably because of 
calcium modification. A representative case is shown in 
Figure 4.

CONCLUSION
Severely calcified lesions may cause damage to the 

polymer/drug coating of a drug-eluting stent, result-
ing in inadequate drug delivery.3,4 Although there is 
accumulating evidence in coronary artery intervention 
showing that calcified lesions have worse outcomes 
compared to noncalcified lesions,5,6 the clinical impact 
of superficial calcium removal in peripheral artery dis-
ease in respect to effectiveness of drug-coated balloons 
or drug-eluting stents needs further investigation.7  n  

Akiko Maehara, MD, is with Columbia University 
Medical Center and the Cardiovascular Research 
Foundation in New York, New York. Dr. Maehara has dis-
closed that she receives a grant from and is a consultant to, 
Boston Scientific Corporation.

Gary S. Mintz, MD, is with the Cardiovascular Research 
Foundation in New York, New York. Dr. Mintz has dis-
closed that he receives grant support and is a consultant for 
Boston Scientific Corporation and Volcano Corporation.

William A. Gray, MD, is with Columbia University Medical 
Center in New York, New York. He has disclosed that he is a 
consultant to Boston Scientific Corporation. Dr. Gray may be 
reached at (212) 304-5697; wg2131@columbia.edu.

Acknowledgement: The authors thank investigators 
Thomas M. Shimshak, MD; Joseph J. Ricotta II, MD, MS; 
Venkatesh Ramaiah, MD; Malcolm T. Foster III, MD; and 
Thomas P. Davis, MD, for their work on the JETSTREAM 
Calcium Study.

1.  Maehara A, Mintz GS, Shimshak TM, et al. Intravascular ultrasound evaluation of JETSTREAM atherectomy 
removal of superficial calcium in peripheral arteries. EuroIntervention. 2015;11:96-103.
2.  Mintz GS, Popma JJ, Pichard AD, et al. Patterns of calcification in coronary artery disease. A statistical analysis of 
intravascular ultrasound and coronary angiography in 1155 lesions. Circulation. 1995;91:1959-1965.
3.  Hwang CW, Edelman ER. Arterial ultrastructure influences transport of locally delivered drugs. Circ Res. 
2002;90:826-832.
4.  Kuriyama N, Kobayashi Y, Yamaguchi M, et al. Usefulness of rotational atherectomy in preventing polymer dam-
age of everolimus-eluting stent in calcified coronary artery. JACC Cardiovasc Interv. 2011;4:588-589.
5.  Généreux P, Madhavan MV, Mintz GS, et al. Ischemic outcomes after coronary intervention of calcified vessels in 
acute coronary syndromes. Pooled analysis from the HORIZONS-AMI (Harmonizing Outcomes With Revasculariza-
tion and Stents in Acute Myocardial Infarction) and ACUITY (Acute Catheterization and Urgent Intervention Triage 
Strategy) TRIALS. J Am Coll Cardiol. 2014;63:1845-1854.
6.  Bourantas CV, Zhang YJ, Garg S, et al. Prognostic implications of coronary calcification in patients with obstruc-
tive coronary artery disease treated by percutaneous coronary intervention: a patient-level pooled analysis of 7 
contemporary stent trials. Heart. 2014;100:1158-1164.
7.  Siablis D, Kitrou PM, Spiliopoulos S, et al. Paclitaxel-coated balloon angioplasty versus drug-eluting stenting for 
the treatment of infrapopliteal long-segment arterial occlusive disease: the IDEAS randomized controlled trial. JACC 
Cardiovasc Interv. 2014;7:1048-1056.

CASE STUDY 2:  
DISTAL SFA/PROXIMAL 
POPLITEAL*

Figure 5.  Successful debulking with the JETSTREAM 

Atherectomy System in a distal right SFA/proximal popli-

teal artery lesion (A). The pre-atherectomy IVUS image (B) 

reveals a lumen area of 2.5 mm². The post-atherectomy 

images (C and D) reveal a lumen area of 7.6 mm² and 

impressive debulking with JETSTREAM Atherectomy 

even before adjunctive therapy. Boston Scientific images 

on file from the JETSTREAM Calcium Study. 

A C

B D

*Results from case studies are not necessarily predictive of results in other cases. Results in other cases may vary.
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PERIPHERAL ROTABLATOR: A BELOW-THE-KNEE APPROACH FOR CALCIUM

There are multiple endovascular options for treat-
ment of infrainguinal disease, but treatment of 
severe calcific disease of the superficial femoral 

artery (SFA), popliteal artery, and tibial vessels remains 
a challenge. Peripheral atherectomy is a unique treat-
ment modality because it allows debulking of plaque 
with luminal gain and minimal barotrauma. This results 
in less injury to the vessel during initial treatment and 
theoretically reduces hyperplastic reaction to the initial 
treatment. In severely calcific vessels, calcium debulking 
changes the vessel wall compliance with the removal 
of calcium. It can then be treated with low-pressure 
balloon inflation with minimal injury to the vessel wall. 
This is now a particularly attractive concept with the 
availability of drug-coated balloons and drug-eluting 
stents, as the vessel can be prepared with atherectomy 
before delivery of these devices. This may ensure ade-
quate drug delivery to the tissue, thereby reducing inti-
mal hyperplastic reaction and increasing durability of 

the procedures. Prevailing concerns with atherectomy 
(ie, dissection, perforation, clinically significant emboli-
zation, and durability) have prevented the widespread 
use of atherectomy.1

The Peripheral Rotablator Rotational Atherectomy 
System (Boston Scientific Corporation) (Figure 1) is one of 
the newer additions to the peripheral atherectomy device 
field. The coronary Rotablator Atherectomy system has 
been used for the last 20 years, and it has been very suc-
cessful in treating moderate and severe calcific coronary 
disease, with encouraging safety and efficacy data to sup-
port its use.2 Our center has been one of the largest users of 
Coronary Rotablator Atherectomy, so when the Peripheral 
Rotablator Atherectomy System became available, we 
quickly adopted this technology to use in severely calcific 
vessels. We started using the Rotablator Atherectomy 
System to treat severe tibial vessel calcification and small 
popliteal vessels. As our experience grew, we then started to 
use Rotablator Atherectomy more broadly when treating 

Peripheral Rotablator’s front-cutting, diamond-tipped burr provides stable rotation in 

calcified lesions.

Peripheral Rotablator™ Atherectomy: 
The Below-the-Knee Approach to 
Address Calcium Head On

BY SONYA S. NOOR, MD, FACS

Figure 1.  The Peripheral Rotablator Atherectomy System advancer (A), console (B), pedal (C), and burr (D). 

A B C
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infrainguinal calcific disease, and found a reduction in the 
use of stents (or only focal stenting was required).

ROTABLATOR FEATURES AND MECHANISM 
OF ACTION 

The Peripheral Rotablator Atherectomy System is fairly 
simple to use and requires a connection to the console, 
a power source, a compressed nitrogen tank, and an IV 
fluid mix to start using the device. The foot pedal starts 
the rotational atherectomy. Usually, 20- to 30-second 
runs are done under live fluoroscopy. This device uses 
a front-cutting diamond-coated burr to ablate the cal-
cium particles, while rotating at 160,000 to 180,000 RPM 
in the lumen of the vessel. The coronary literature has 
studied the ablation particles over the last 20 years, and 
when proper technique is employed, the ablation par-
ticles generated measured about 5 µm, which is smaller 
than a red blood cell. These particles are then washed 
downstream during the treatment and picked up by the 
reticular endothelial system. For this reason, embolic pro-
tection devices are of no use, as the pore size of embolic 
protection devices are generally in the range of 100 µm 
and would not catch the ablation particles. Rotablator 
Atherectomy can only be performed with a 0.009-inch 
wire, which does not support the use of embolic protec-
tion devices, either.  

The Rotablator Atherectomy System’s front-cutting dia-
mond burr is very useful in moderately and severe calcific 
stenotic lesions, as it can ablate its way through the calcium 
and create a channel that is smooth and has a predictable 
concentric lumen.  

Other devices have a leading edge, which has to be 
introduced first through the lumen before the device 
can be introduced and treatment can be performed, 
requiring predilatation or dottering, and causing 
barotrauma to the vessel prior to treatment. We have 
found this front-cutting feature particularly helpful in 
moderate and severe calcific disease and when negoti-
ating even a predilatation balloon catheter can prove 
difficult. 

As the diamond-coated burr engages the lesion 
while it rotates on the RotaWire™ (Boston Scientific 
Corporation), it has a stable circular rotation that cre-
ates a smooth, predictably concentric lumen. It ablates 
the plaque with predictable ablation particles with 
minimal injury to the vessel wall, which can be a con-
cern with other atherectomy devices in small vessels. 
Average Rotablator™ Atherectomy run times, even in 

ABLATION 
TECHNIQUE: COMMON 
CONSIDERATIONS
•	 160,000 to 180,000 RPM setting is optimal for  

above- and below-the-knee calcific lesions
•	 Run for 20 to 30 seconds under live fluoroscopy 
•	 One-burr approach is common
•	 Limit RPM drop to under 5,000 RPM
•	 Plaque modification: burr-to-artery ratio, 70%–85% to 

native lumen diameter

The Rotablator Atherectomy 
System’s front-cutting diamond 

burr is very useful in severe calcific 
stenotic lesions, as it can ablate its 

way through the calcium and create 
a channel that is smooth and has a 

predictable concentric lumen. 

(Im
ages courtesy of Boston Scientific Corporation.)
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long, diffuse lesions, are typically 3 to 4 minutes per 
vessel, making this an efficient treatment modality.

ROTABLATOR BEST PRACTICES 
As with other atherectomy devices, the Rotablator 

Atherectomy System has its own learning curve and per-
forms well when proper technique is employed. We have 
used the Rotablator™ Atherectomy System in severe cal-
cific disease as the first line of treatment for these lesions. 
We currently use it in the SFA, popliteal, and tibial vessels 
as the first line of treatment. Rotablator Atherectomy 
proves to be an effective tool for calcific ablation requir-
ing low atmospheric balloon postdilatation and only 
focal stenting, if at all necessary. We are also starting 
to use Rotablator Atherectomy for vessel preparation 
before drug-coated balloon usage in order to potentially 
improve drug uptake in the vessel wall.

We have found that the 160,000 to 180,000 RPM set-
ting is optimal for both above- and below-knee calcific 
lesions. Twenty- to 30-second runs under live fluoros-
copy and a slow, deliberate pecking action with the burr 
engaging the lesion for a second or two, followed by a 
gentle pullback, results in successful luminal gain. It is 
important to engage the lesion with the burr, but also 
pull back for 1 to 2 seconds, which allows dissipation of 
frictional heat and flushing of microparticles into the 
distal circulation. Overzealous advancement of the burr 
can lead to the device stalling within calcific disease and 
distal embolization, which should be avoided.

CASE 1*
A 71-year-old African American woman with end-

stage renal disease, a previous cerebrovascular accident, 
coronary artery disease, and coronary artery bypass 

Figure 2.  A diagnostic 

angiogram showing severe 

stenotic disease of the poste-

rior tibial artery (arrow) and 

complete occlusion of the 

anterior tibial artery (bracket) 

with distal reconstitution.  

Figure 3.  A diagnostic angio-

gram showing complete 

occlusion of the anterior 

tibial artery with distal recon-

stitution (arrow) and no flow 

in the distal posterior tibial 

artery.

Figure 4.  Angiogram 

after posterior tibial 

Rotablator Atherectomy 

showing healthy flow in 

the posterior tibial artery.   

Figure 5.  After Rotablator 

Atherectomy was performed in 

the posterior tibial and anterior 

tibial arteries, healthy flow was 

seen in both vessels down to the 

foot.

reconstitution  

of the  

anterior  

tibial  

artery

the  

complete  

occlusion  

of the AT

stenotic  

posterior 

tibial 

disease

*Results from case studies are not necessarily predictive of results in other cases. Results in other cases may vary.
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graft surgery presented with a left heel ulcer that was 
not healing despite treatment for many months. The 
patient’s arterial Doppler showed noncompressible ves-
sels and a toe-brachial index of 0.1, with reduced wave-
forms at all levels.

Procedural Details
Left common femoral artery ultrasound and puncture 

was performed with placement of a right side sheath, 
and a diagnostic angiogram was obtained, which clearly 
showed complete occlusion of the posterior tibial and 
anterior tibial artery (Figures 2 and 3). The patient under-
went placement of a 5-F, 70-cm sheath and was hepa-
rinized before successful crossing of the posterior tibial 
artery occlusion and subsequently, the anterior tibial 
artery. The patient underwent Rotablator Atherectomy 
with a 1.75-mm burr of the posterior tibial artery first 
(Figure 4), followed by the anterior tibial artery. The total 
run time was 4 minutes, and the 180,000 RPM setting 

was used in both arteries. After atherectomy was com-
pleted, low-pressure balloon angioplasty was performed 
using a 2.5-mm X 220-mm balloon, for a total of 2 min-
utes for each inflation. 

Completion angiography showed no evidence of dis-
section, perforation, or distal embolization (Figure 5). 

At 5-month follow-up, the patient was found to have 
almost completely healed ulcers, and arterial Dopplers 
showed improved waveforms at all levels, noncompressible 
ankle-brachial indices (ABIs), and a toe-brachial index of 0.5.	

CASE 2*
A 65-year-old man presented with severe claudication 

and ischemic ulceration of the right second toe. Arterial 
Doppler exam showed an ABI of 0.58 on the right and 
0.90 on the left. Pulmonary vascular resistance wave-
forms indicated distal SFA and popliteal artery disease. 

Procedural Details
The patient underwent left common femoral artery 

access with placement of a 5-F sheath. Diagnostic angi-
ography confirmed complete occlusion of the right SFA 
and popliteal artery at the adductor canal (Figure 6), 
with reconstitution of a popliteal artery at the knee joint 
and some mild diffuse tibial vessel disease. The patient 
underwent placement of a 7-F, 70-cm sheath, after which 
the patient was heparinized. A stiff Glidewire (Terumo 
Interventional Systems) and a 0.035-inch Quick-Cross 
catheter (Spectranetics Corporation) was used to cross 
the total occlusion, and reentry into the popliteal artery 
was confirmed. The RotaWire was placed into the tibial 
vessels, and Rotablator Atherectomy was performed using 
a 2.5-mm burr. A setting of 170,000 to 180,000 RPM was 
used for a total of 5 minutes. Then a 5- X 220-mm-long 
Sterling™ Balloon (Boston Scientific Corporation) was used 
for low-pressure angioplasty of 4 atm, for a total of 3 min-
utes. A follow-up angiogram (Figure 7) revealed excellent 

Figure 6.  A diagnostic 

angiogram showing 

occlusion of the distal SFA 

and popliteal artery.

Figure 7.  Angiogram after 

Rotablator Atherectomy and 

low-pressure angioplasty. 

Restoration of flow is noted 

in the SFA and popliteal 

artery. 

TABLE 1.  ROTABLATOR ATHERECTOMY SYSTEM SIZING

Burr (mm) Diameter (inches) Minimum Recommended Introducer/Guide Sheath Size (F)

1.25 0.049 4 / 5* 

1.50 0.059 5 

1.75 0.069 6 

2.00 0.079 6 / 7*

2.25 0.089 7 

2.50 0.098 7 / 8*

* For a given French size guide sheath or introducer sheath, the internal lumen and hemostasis valve will vary from manufacturer 
to manufacturer. When using an introducer for the first time, it should be tested with the largest Peripheral RotaLink Plus burr 
intended to be used with it.

*Results from case studies are not necessarily predictive of results in other cases. Results in other cases may vary.
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flow, good luminal gain, and no evidence of perforation, 
dissection, or significant embolization.

The patient was seen in follow-up 1 month after the 
procedure with no complaints of claudication, near com-
plete ulceration healing, and arterial Doppler exams that 
showed an ABI of 0.84 on the right and 0.77 on the left, 
with good waveforms at all levels.

CONCLUSION
The Rotablator Atherectomy System has been used 

to treat moderate and severe calcific disease safely and 
efficiently for over 20 years in the coronary vasculature, 
and we started to use Rotablator Atherectomy to treat 
similar calcific disease in the periphery. At our center, 
we now use Rotablator Atherectomy as the first line 
of treatment whenever we encounter moderate or 
severe calcific disease. We have found the Rotablator 
Atherectomy System to be easy to set up and use, and 
it is efficient in ablating and treating calcium with short 
procedure times. There have been minimal dissections, 
perforation, or clinically significant embolization. As with 
all atherectomy devices, it is important to use proper 
technique while handling the device to minimize compli-
cations. The benefit of the front-cutting diamond burr is 

especially useful in negotiating tight stenotic or occlusive 
lesions (where no predilatation is necessary), thereby 
minimizing barotrauma to the vessel before treatment. 
The stable rotation of the burr engages the calcium and 
ablates it, leaving a predictable concentric lumen. We 
have been successful in changing vessel compliance with 
calcium ablation, allowing minimal adjunctive therapy 
(such as low-pressure angioplasty, no stenting, or only 
focal stenting). We are also starting to use the Rotablator 
Atherectomy System to remove the calcium plaque bur-
den and prep the vessel before use of drug-coated bal-
loons. It remains to be seen if this strategy enhances drug 
uptake into to the vessel wall, and therefore increase the 
durability of this procedure.  n 
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Buffalo, New York. She has disclosed that she is a consul-
tant for Boston Scientific Corporation. Dr. Noor may be 
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1.  Zeller T, Frank U, Bürgelin K, et al. Initial clinical experience with percutaneous atherectomy in the infragenicular 

arteries. J Endovasc Ther. 2003;10:987-993.

2.  Reisman MD. Guide to Rotational Atherectomy. Birmingham, MI: Physicians Press; 1997.

in very heavily calcified occlusions and long lesions, 
you can get good results with patency rates of 90% at 
1 year.

EVT:  In your experience, what is the best 
way to remove calcium from these particular 
lesions? 

Prof. van den Berg:  I think you need some kind of 
mechanical atherectomy. I’m using laser atherectomy 
a lot, but in these cases merely as a tool to modify the 
calcium because we know that laser is not really good at 
completely removing calcium. 

EVT:  Are there particular characteristics of the 
balloons that you use for percutaneous trans-
luminal angioplasty that you find to be advan-
tageous?

Prof. van den Berg:  I typically use semicompliant bal-
loons that give me a little bit of space to play around 
with the diameter. By using the compliance chart, the 
diameter of the balloon can be adapted to the diameter 
of the vessel wall. It’s very important to be aware of the 
fact that when you use compliant or semicompliant bal-
loons when there is a tight stenosis, in the areas where 
the balloon opens up more than in the area of the tight 
stenosis, the vessel wall might get injured much more at 
the proximal and distal end of the balloon (ie, the dog-
bone effect). That might, again, be a factor that is influ-
encing restenosis in the long term.  n

1.  Fanelli F, Cannavale A, Gazzetti M, et al. Calcium burden assessment and impact on drug-eluting balloons in 
peripheral arterial disease. Cardiovasc Intervent Radiol. 2014;37:898-907.
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ABBREVIATED STATEMENTS

JETSTREAM CATHETERS COMBINED WITH CONSOLE
CAUTION: Federal law (USA) restricts this device to sale by or on the order of a physician. Rx only. Prior to 
use, please see the complete “Instructions for Use” for more information on Indications, Contraindications, 
Warnings, Precautions, Adverse Events, and Operator’s Instructions.
Catheter INDICATIONS
The Jetstream System is intended for use in atherectomy of the peripheral vasculature and to break apart 
and remove thrombus from upper and lower extremity peripheral arteries. It is not intended for use in 
coronary, carotid, iliac or renal vasculature.
Console INDICATIONS
The PV Console is designed for use only with the Jetstream Catheter and Control Pod. See the current revi-
sion of the applicable Catheter and Control Pod Instructions for Use for further information.
CONTRAINDICATIONS
No known contraindications.
Catheter WARNINGS/PRECAUTIONS
• �The Jetstream Catheter and Control Pod may only be used with the PV Console.
• �Take care to avoid being pinched when closing the aspiration and infusion pump doors.
�Use room temperature infusate only. Use of heated infusate may lead to wrinkling, ballooning and/or burst-
ing of the outer catheter sheath.
• �Do not bend or kink the Catheter during setup or during the procedure. This may damage the device and 

lead to device failure.
• �Operating the Catheter over a kinked guidewire may cause vessel damage or guidewire fracture.
• �During treatment, do not allow the Catheter tip within 10.0 cm of spring tip portion of the guidewire. 

Interaction between the Catheter Tip and this portion of the guidewire may cause damage to or detach-
ment of the guidewire tip or complicate guidewire management.

• �The guidewire must be in place prior to operating the Catheter in the patient. Absence of the guidewire 
may lead to inability to steer the Catheter and cause potential vessel damage.

• �Do not inject contrast while the device is activated.
• �If the guidewire is accidentally retracted into the device during placement or treatment, stop use, and 

remove the Catheter and the guidewire from the patient. Verify that the guidewire is not damaged before 
re-inserting the guidewire. If damage is noticed, replace the guidewire.

• �Check the infusate bag frequently and replace when needed. Do not run the JETSTREAM System without 
infusate as this may cause device failure.

• �Hold the guidewire firmly during Catheter retraction process. Failure to do so may result in guidewire rota-
tion within the vessel. 

• �Do not manipulate the Catheter against resistance unless the cause for that resistance has been deter-
mined. 

• �Use only listed compatible guidewires and introducers with the Jetstream System. The use of any supplies 
not listed as compatible may damage or compromise the performance of the Jetstream System.

Prior to use of the Jetstream System, confirm the minimum vessel diameter proximal to the lesion per the 
following:
Jetstream SC Atherectomy Catheter 1.6 Minimum Vessel Diameter Proximal to Lesion 2.5 mm
Jetstream SC Atherectomy Catheter 1.85 Minimum Vessel Diameter Proximal to Lesion 2.75 mm
Jetstream XC Atherectomy Catheter2.1-3.0 Minimum Vessel Diameter, Blades Down 3.0 mm; Minimum 
Vessel Diameter, Blades Up 4.0 mm
Jetstream XC Atherectomy Catheter2.4-3.4 Minimum Vessel Diameter, Blades Down 3.5 mm; Minimum 
Vessel Diameter, Blades Up 4.5 mm
Console WARNINGS/PRECAUTIONS
• WARNING: To avoid the risk of electric shock, this equipment must only be connected to a supply mains 
with protective earth.
• Do not open either pump door during operation of the System. Doing so could result in loss of aspiration 
and/or infusion and will halt device activation.
• Ensure the PV Console display is visible during the entire procedure.
• Observe normal safety practices associated with electrical/electronic medical equipment.
• Avoid excessive coiling or bending of the power cables during storage.
• Store the PV Console using appropriate care to prevent accidental damage.
• Do not place objects on the PV Console.
• Do not immerse the PV Console in liquids.
ADVERSE EVENTS	
Potential adverse events associated with use of this device and other interventional catheters include, but 
are not limited to the following (alphabetical order):
• Abrupt or sub-acute closure •  Amputation •  Bleeding complications, access site •  Bleeding complica-
tions, non-access site •  Death • Dissection • Distal emboli • Hypotension • Infection or fever • Perforation • 
Restenosis of the treated segment • Vascular complications which may require surgical repair • Thrombus 
•  Vasospasm

ROTABLATOR PERIPHERAL ROTALINK PLUS 
ROTABLATOR PERIPHERAL ROTAWIRE GUIDEWIRE AND WIRECLIP TORQUER 
ROTABLATOR ROTATIONAL ATHERECTOMY SYSTEM CONSOLE 
ROTAGLIDE LUBRICANT
CAUTION: Federal law (USA) restricts this device to sale by or on the order of a physician. Rx only. Prior to 
use, please see the complete “Directions for Use” for more information on Indications, Contraindications, 
Warnings, Precautions, Adverse Events, and Operator’s Instructions.
Rotalink Plus INTENDED USE/INDICATIONS FOR USE
The Rotablator Rotational Atherectomy System is intended for percutaneous use in the peripheral vessels in 
patients with occlusive atherosclerotic disease who are acceptable candidates for endovascular procedures.
RotaWire: INDICATIONS FOR USE/INTENDED USE
These guidewires are intended for use with the Rotablator Rotational Atherectomy System.
Lubricant INDICATIONS FOR USE 
Rotaglide lubricant is intended for use with the Rotablator atherectomy system, for the purpose of increas-
ing the lubricity of the system. 
CONTRAINDICATIONS AND RESTRICTIONS
Contraindications
1. Occlusions through which a guidewire will not pass.
2. Use in coronary arteries.
3. Long (≥ 20 cm) total occlusions.
4. Angiographic evidence of thrombus prior to treatment with the Rotablator Rotational Atherectomy 
System. Such patients may be treated with thrombolytics (e.g., Urokinase). When the thrombus has been 
resolved for two to four weeks, the lesion may be treated with the Rotablator Rotational Atherectomy 
System.
5. Angiographic evidence of significant dissection at the treatment site. The patient may be treated conser-
vatively for approximately four weeks to permit the dissection to heal before treating the lesion with the 
Rotablator Rotational Atherectomy System.
Lubricant CONTRAINDICATIONS 
Rotaglide™ lubricant is contraindicated in patients with known allergies to the lubricant ingredients: olive 
oil, egg yolk phospholipids, glycerin, sodium deoxycholate, L-histidine, disodium EDTA, sodium hydroxide, 
and water. 
Restrictions
• Federal (USA) law restricts the use of this system to physicians who are credentialed in peripheral angio-
plasty and who have attended the Rotablator System Physician Training Program.
WARNINGS
• �The risks of Rotational Atherectomy can be reduced if the device and associated accessories are used in 

the appropriate patient population by a physician who has had adequate training.
• �If the Peripheral RotaLink Plus shows evidence of mechanical failure at any time prior to or during the 

angioplasty procedure, immediately discontinue use of the device and return it to Customer Service for 
evaluation. Do NOT attempt to use a damaged Peripheral RotaLink Plus; use may result in device malfunc-
tion and/or patient injury.

• �Never operate the Peripheral RotaLink Plus without saline infusion. Flowing saline is essential for cooling 
and lubricating the working parts of the advancer. Operation of the advancer without proper saline infu-
sion may result in permanent damage to the advancer.

• �Never operate the Peripheral RotaLink Plus with the Rotablator Rotational Atherectomy System in 
Dynaglide™ mode or operate the guidewire brake defeat button unless you have a firm grip on the guide-
wire using the wireClip™ Torquer. The wireClip Torquer may be held with the fingers or inserted com-

pletely into the docking port after the brake button is depressed. Defeating the brake, or operating the 
Peripheral RotaLink Plus with the Rotablator Rotational Atherectomy System in Dynaglide mode, without 
securing the guidewire may result in rotation and entanglement of the guidewire.

• �During setup of the Peripheral RotaLink Plus never grip or pull on the flexible shaft.
• �The burr at the distal tip of the Peripheral RotaLink Plus is capable of rotating at very high speeds. Do 

NOT allow parts of the body or clothing to come in contact with the burr. Contact may result in physical 
injury or entanglement. 

• �Never advance the rotating burr to the point of contact with the guidewire spring tip. Such contact could 
result in distal detachment and embolization of the tip.

• �If the Peripheral RotaLink Plus stops and the red STALL light on the console illuminates, retract the burr 
and immediately discontinue treatment. Check the advancer for proper connection to the console. If the 
connections are correct, use fluoroscopy to analyze the situation. Never force the system when rotational 
or translational resistance occurs, as vessel perforation may occur.

• �Never advance the rotating burr by advancing the sheath. Guidewire buckling may occur and perforation 
or vascular trauma may result. Always advance the rotating burr by using the advancer knob.

• �If resistance is encountered, retract the burr and stop treatment immediately. Use fluoroscopy to analyze 
the situation. Never force the Peripheral RotaLink Plus when rotational or translational resistance occurs, 
as vessel perforation, vessel trauma or embolism due to burr detachment or fractured wire may occur and 
in rare instances may result in surgical intervention and death.

• �The use of Rotablator Rotational Atherectomy System for in-stent restenosis might lead to damage of 
stent components and/or Peripheral RotaLink Plus, which may lead to patient injury.

• ��Always keep the burr advancing or retracting while it is rotating. Maintaining the burr in one location 
while it is rotating may lead to excessive tissue removal or damage to the Peripheral RotaLink Plus or 
entrapment of the Peripheral RotaLink Plus. It is best to advance and retreat the burr no more than 3 cm 
at a time in a smooth pecking motion, being careful to engage the lesion only minimally when resistance is 
met. Do not allow the individual burr run time to exceed 30 seconds with total rotational procedure time 
not to exceed five minutes.

RotaWire WARNINGS
Use extreme caution and careful judgment in patients for whom anticoagulation is not indicated. Console 
WARNINGS
• Never use oxygen as the propellant for the Rotablator Rotational Atherectomy System.
• �The use of accessories, transducers and cables other than those specified, with the exception of transduc-

ers and cables sold by the manufacturer of the Rotablator System as replacement parts for internal com-
ponents, may result in increased emissions or decreased immunity of the Rotablator System.

• This device is not to be used in the presence of flammable anesthetics.
• Do NOT operate the Rotablator Console with gas pressures in excess of 758.4 kPa (110 psi). 
• ��Do not modify or repair. 
Lubricant WARNINGS 
Discard vial if there are particulates in the emulsion or if an oiling-out of emulsion has occurred. 
PRECAUTIONS
• Percutaneous rotational angioplasty with the Rotablator Rotational Atherectomy System should only be 
carried out at hospitals where emergency bypass surgery can be immediately performed in the event of a 
potentially injurious or lifethreatening complication.
• Appropriate drug therapy including (but not limited to) anticoagulant and vasodilator therapy must be 
provided to the patient during all phases of patient care.
• When the Peripheral RotaWire™ Guidewires and/or Peripheral RotaLink Plus are in the body, they should 
only be manipulated while they are under fluoroscopic observation with radiographic equipment that pro-
vides high resolution images.
• Use only normal saline as the infusate. Never inject contrast agent, or any other substance that is not 
approved as part of the Rotablator Rotational Atherectomy System, into the infusion port or saline infusion 
bag as this may cause permanent damage to the Peripheral RotaLink Plus.
Console PRECAUTIONS
• User should take precautions when using the console in conjunction with other medical electrical equip-
ment.
• The Rotablator Console needs special precautions regarding EMC and needs to be installed and put into 
service according to the EMC information provided in Appendix D in the DFU.
ADVERSE EVENTS
Potential adverse reactions which may result from the use of this device include but are not limited to:
• Additional intervention • Allergic reaction • Amputation • Death • Embolism • Hematoma/Hemorrhage
• Hemodynamic changes • Hemoglobinuria • Infection • Restenosis • Stroke • Slow, no flow, abrupt vessel 
closure • Surgery including arterial bypass • Thrombosis and vessel occlusion • Vessel trauma (dissection, 
perforation, psudoaneurysm, arteriovenous fistula)
There may also be complications associated with distortion, kinks, and fracture of the guidewire and physi-
cal deterioration or malfunction of the device, which can lead to patient injury or death.

SOLENT CATHETERS COMBINED W/CONSOLE 
SOLENT OMNI, SOLENT PROXI THROMBECTOMY CATHETERS  
SOLENT DISTA THROMBECTOMY CATHETER  
ANGIOJET ULTRA CONSOLE
CAUTION: Federal law (USA) restricts this device to sale by or on the order of a physician. Rx only. Prior to 
use, please see the complete “Instructions for Use” for more information on Indications, Contraindications, 
Warnings, Precautions, Adverse Events, and Operator’s Instructions.
INDICATIONS AND USAGE
The AngioJet SOLENT proxi & omni Thrombectomy Sets are intended for use with the AngioJet Ultra 
Console to break apart and remove thrombus from:
• upper and lower extremity peripheral arteries ≥ 3.0mm in diameter,
• upper extremity peripheral veins ≥ 3.0mm in diameter,
• ileofemoral and lower extremity veins ≥ 3.0mm in diameter,
• A-V access conduits ≥ 3.0mm in diameter and
• �for use with the AngioJet Ultra Power Pulse technique for the control and selective infusion of physician 

specified fluids, including thrombolytic agents, into the peripheral vascular system.
The AngioJet SOLENT dista Thrombectomy Set is intended for use with the AngioJet Ultra Console to break 
apart and remove thrombus from:
• upper and lower extremity peripheral arteries and
• �for use with the AngioJet Ultra Power Pulse technique for the control and selective infusion of physician 

specified fluids, including thrombolytic agents, into the peripheral vascular system.
The minimum vessel diameter for each Thrombectomy Set model is listed in Table 1 (in the IFU).
CONTRAINDICATIONS
Do not use the catheter in patients:
• Who are contraindicated for endovascular procedures
• Who cannot tolerate contrast media
• In whom the lesion cannot be accessed with the guide wire
WARNINGS AND PRECAUTIONS
• �The Thrombectomy Set has not been evaluated for treatment of pulmonary embolism. There are reports 

of serious adverse events, including death, associated with cases where the catheter was used in treatment 
of pulmonary embolism.

• �The Thrombectomy Set has not been evaluated for use in the carotid or cerebral vasculature.
• �The Thrombectomy Set has not been evaluated for use in the coronary vasculature (unless accompanied 

by a separate coronary IFU).
• �Operation of the catheter may cause embolization of some thrombus and/or thrombotic particulate 

debris. Debris embolization may cause distal vessel occlusion, which may further result in hypoperfusion 
or tissue necrosis.

• �Cardiac arrhythmias during catheter operation have been reported in a small number of patients. Cardiac 
rhythm should be monitored during catheter use and appropriate management, such as temporary pac-
ing, be employed, if needed.

• Use of the catheter may cause a vessel dissection or perforation. 
• �Do not use the AngioJet Ultra System in patients who have a nonhealed injury due to recent mechanical 

intervention, in the vessel to be treated, to avoid further injury, dissection, or hemorrhage. 
• �Do not use the Thrombectomy Set in vessels smaller than minimum vessel diameter for each 

Thrombectomy Set model as listed in Table 1 (in the IFU); such use may increase risk of vessel injury.
• �Systemic heparinization is advisable to avoid pericatheterization thrombus and acute rethrombosis. This is 

in addition to the heparin added to the saline supply bag. 



• �Operation of the AngioJet System causes transient hemolysis which may manifest as hemoglobinuria. 
Table 1 (in the IFU) lists maximum recommended run times in a flowing blood field and total operating 
time for each Thrombectomy Set. Evaluate the patient’s risk tolerance for hemoglobinemia and related 
sequelae prior to the procedure. Consider hydration prior to, during, and after the procedure as appropri-
ate to the patient’s overall medical condition.

• �Large thrombus burdens in peripheral veins and other vessels may result in significant hemoglobinemia 
which should be monitored to manage possible renal, pancreatic, or other adverse events.

• �Monitor thrombotic debris/fluid flow exiting the Thrombectomy Set via the waste tubing during use. 
If blood is not visible in the waste tubing during AngioJet Ultra System activation, the catheter may be 
occlusive within the vessel; verify catheter position, vessel diameter and thrombus status. Operation under 
occlusive conditions may increase risk of vessel injury. 

• �Do not exchange the guide wire. Do not retract the guide wire into the catheter during operation. The 
guide wire should extend at least 3 cm past the catheter tip at all times. If retraction of the guide wire into 
the Thrombectomy Set occurs, it may be necessary to remove both the Thrombectomy Set and the guide 
wire from the patient in order to re-load the catheter over the guide wire.  (Dista only)

• �Use of a J-tip guide wire is not recommended as it is possible for the tip of the guide wire to exit through a 
side window on the distal end of the catheter. (Omni, Proxi only)

• �Do not pull the catheter against abnormal resistance. If increased resistance is felt when removing the 
catheter, remove the catheter together with the sheath or guide catheter as a unit to prevent possible tip 
separation.

• �If resistance is felt during the advancement of the Thrombectomy Set to lesion site, do not force or torque 
the catheter excessively as this may result in deformation of tip components and thereby degrade catheter 
performance.

• �Obstructing lesions that are difficult to cross with the catheter to access thrombus may be balloon dilated 
with low pressure (≤ 2 atm). Failure to pre-dilate difficult-to-cross lesions prior to catheter operation may 
result in vessel injury. 

• �The potential for pulmonary thromboembolism should be carefully considered when the Thrombectomy 
Sets are used to break up and remove peripheral venous thrombus.

. (Below is Omni, Proxi only)
• �Hand injection of standard contrast medium may be delivered through the thrombectomy catheter 

via the manifold port stopcock. Follow the steps to remove air from the catheter when delivering fluid 
through the catheter stopcock.

• �Fluids should be injected only under the direction of a physician and all solutions prepared according the 
manufacturer instructions.

• �The Thrombectomy Set waste lumen is rated for 50psi. Delivering a hand injection of contrast medium 
with excessive force can create injection pressures greater than 50psi, potentially causing leaks in the waste 
lumen of the catheter.

• �Do not use a power injector to deliver contrast medium through the catheter stopcock. Power injectors 
can deliver pressures greater than 50psi, potentially causing leaks in the waste lumen of the catheter.

• �Some fluids, such as contrast agents, can thicken in the catheter lumen and block proper catheter opera-
tion if left static too long. The catheter should be operated to clear the fluid within 15 minutes of injec-
tion.

Console WARNINGS and PRECAUTIONS: 
• �Use the AngioJet Ultra Console only with an AngioJet Ultra Thrombectomy Set. This Console will not 

operate with a previous model pump set and catheter.
• �Do not attempt to bypass any of the Console safety features.
• �If the catheter is removed from the patient and/or is inoperative, the waste tubing lumen, guide catheter, 

and sheath should be flushed with sterile, heparinized solution to avoid thrombus formation and maintain 
lumen patency. Reprime the catheter by submerging the tip in sterile, heparinized solution and operating 
it for at least 20 seconds before reintroduction to the patient.

• �Refer to the individual AngioJet Ultra Thrombectomy Set Information for Use manual for specific warnings 
and precautions.

• �Do not move the collection bag during catheter operation as this may cause a collection bag error.
• �Monitor thrombotic debris/fluid flow exiting the catheter through the waste tubing during use. If blood is 

not visible during console activation, the catheter may be occlusive within the vessel or the outflow lumen 
may be blocked.

• �Ensure adequate patient anticoagulation to prevent thrombus formation in outflow lumen.
• �Refer to individual Thrombectomy Set Instructions for Use manual for specific instructions regarding 

heparinization of the Thrombectomy Set.
• �The Console contains no user-serviceable parts. Refer service to qualified personnel.
• �Removal of outer covers may result in electrical shock.
• �This device may cause electromagnetic interference with other devices when in use. Do not place Console 

near sensitive equipment when operating.
• �Equipment not suitable for use in the presence of flammable anesthetic mixture with air or with oxygen 

or nitrous oxide.
• �To avoid the risk of electric shock, this equipment must only be connected to a supply mains with protec-

tive earth.
• �Where the “Trapping Zone Hazard for Fingers” symbol is displayed on the console, there exists a risk of 

trapping or pinching fingers during operation and care must be exercised to avoid injury.
• �Do not reposition or push the console from any point other than the handle designed for that purpose. A 

condition of overbalance or tipping may ensue.
• �The AngioJet Ultra Console should not be used adjacent to or stacked with other equipment, and if adja-

cent or stacked use is necessary, the AngioJet Ultra Console should be observed to verify normal operation 
in the configuration in which it will be used.

• �Portable and mobile RF communications equipment can affect MEDICAL ELECTRICAL EQUIPMENT.
• �The use of accessories and cables other than those specified, with the exception of accessories and 

cables sold by Bayer HealthCare as replacement parts for internal components, may result in increased 
EMISSIONS or decreased IMMUNITY of the Ultra Console.

• �MEDICAL ELECTRICAL EQUIPMENT needs special precautions regarding Electro-Magnetic Compatibility 
(EMC) and needs to be installed and put into service according to the EMC information provided in the 
tables provided in the IFU.

ADVERSE EVENTS
Potential adverse events which may be associated with use of the AngioJet Ultra Thrombectomy System are 
similar to those associated with other interventional procedures and include, but are not limited to:
• �abrupt closure of treated vessel • acute myocardial infarction • acute renal failure • bleeding from access 

site • cerebrovascular accident • death • dissection • embolization, proximal or distal • hematoma • hemoly-
sis • hemorrhage, requiring transfusion • hypotension/hypertension • infection at the access site

• pain • pancreatitis • perforation • pseudoaneurysm • reactions to contrast medium • thrombosis/occlusion
• total occlusion of treated vessel • vascular aneurysm • vascular spasm • vessel wall or valve damage

STERLING MR   
STERLING OTW  
CAUTION: Federal law (USA) restricts this device to sale by or on the order of a physician. Rx only. Prior to 
use, please see the complete “Instructions for Use” for more information on Indications, Contraindications, 
Warnings, Precautions, Adverse Events, and Operator’s Instructions.
INTENDED USE/INDICATIONS FOR USE
The Sterling PTA Balloon Dilatation Catheters are indicated for Percutaneous Transluminal Angioplasty in 
the peripheral vasculature, including iliac, femoral, popliteal, infra-popliteal, renal, and for the treatment of 
obstructive lesions of native or synthetic arteriovenous dialysis fistulae. These devices are also indicated for 
post-dilatation of balloon expandable and self-expanding stents in the peripheral vasculature. The Sterling 
Monorail PTA Balloon Dilatation Catheter (only) is also indicated for the carotid arteries.
CONTRAINDICATIONS 
None Known.
GENERAL PRECAUTIONS
The Sterling PTA Balloon Dilatation Catheter should be used with caution for procedures involving calcified 
lesions or synthetic vascular grafts due to the abrasive nature of these lesions.
The Sterling PTA Balloon Dilatation Catheters are not intended for injection of contrast medium.

The Sterling™ PTA Balloon Dilatation Catheter shall only be used by physicians trained in the performance 
of percutaneous transluminal angioplasty.
Precautions to prevent or reduce clotting should be taken when any catheter is used:
• Consider systemic heparinization.
• �Flush or rinse all products entering the vascular system with sterile isotonic saline or a similar solution 

prior to use.
ADVERSE EVENTS
The complications that may result from a balloon dilatation procedure include, but are not limited to:
• Allergic reaction to contrast medium • Arrhythmias • Arteriovenous fistula • Cerebrovascular accidents 
(specific to MR) • Death • Hematoma • Hemodynamic instability • Hemorrhage  • Pseudoaneurysm • 
Pyrogenic reaction • Sepsis/infection • Thromboembolic episodes • Vascular thrombosis • Vessel injury, e.g. 
dissection, perforation, rupture  • Vessel occlusion • Vessel spasm

VICTORY PERIPHERAL GUIDEWIRE
CAUTION: Federal law (USA) restricts this device to sale by or on the order of a physician. Rx only. Prior to 
use, please see the complete “Instructions for Use” for more information on Indications, Contraindications, 
Warnings, Precautions, Adverse Events, and Operator’s Instructions.
INDICATIONS FOR USE:
The Victory guidewires are intended to facilitate the placement and exchange of balloon catheters or other 
interventional devices within the peripheral vasculature during Percutaneous Transluminal Angioplasty 
(PTA) or other intravascular interventional procedures.
CONTRAINDICATIONS:
The Victory guidewires are not intended for use in the coronary or cerebral vasculatures or in patients 
judged not acceptable for percutaneous intervention.
WARNINGS:
PRECAUTIONS:
• This device should be used only by physicians trained in percutaneous, intravascular techniques and/or 
procedures. 
• Carefully read all instructions prior to use. Observe all warnings and precautions noted throughout these 
instructions. Failure to do so may compromise guidewire performance and result in complications.
ADVERSE EVENTS:
Potential adverse events which may result from use of the device include but are not limited to:
• Hematoma and other access site complications • Death • Hemorrhage (bleeding) • Reaction to contrast 
media • Irritation to vessel causing vessel spasm • Vessel dissection or perforation • Thrombus formation

THRUWAY .014 GUIDEWIRE
CAUTION: Federal law (USA) restricts this device to sale by or on the order of a physician. Rx only. Prior to 
use, please see the complete “Instructions for Use” for more information on Indications, Contraindications, 
Warnings, Precautions, Adverse Events, and Operator’s Instructions.
INTENDED USE/ INDICATIONS FOR USE
The Thruway Guidewire facilitates placement of a catheter during diagnostic or interventional peripheral 
intravascular procedures including but not limited to renal intervention. The wire can be torqued to facili-
tate navigation through the vasculature.
CONTRAINDICATIONS
• Not intended for use in coronary arteries.
• Not intended for use in the neurovasculature.
WARNINGS/ADVERSE REACTIONS
The complications that may result from the use of a guidewire in a procedure include:
• Vessel perforation, dissection, trauma or damage • Embolism • Hematoma • Infection • Vessel spasm • 
Hemorrhage • Renal Failure • Myocardial Infarction • Vascular thrombosis • Stroke • Death

ChoICE, ChoICE PT, Luge, Mailman, PT Graphix 
ChoICE Magnet, ChoICE PT Magnet, Luge Magnet, Mailman Magnet, PT Graphix Magnet
CAUTION: Federal law (USA) restricts this device to sale by or on the order of a physician. Rx only. Prior to 
use, please see the complete “Instructions for Use” for more information on Indications, Contraindications, 
Warnings, Precautions, Adverse Events, and Operator’s Instructions.
INTENDED USE/INDICATIONS FOR USE
Boston Scientific ChoICE, ChoICE PT, Luge, Mailman and PT Graphix Guidewires, and Boston Scientific 
ChoICE Magnet, ChoICE PT Magnet, Luge Magnet, Mailman Magnet, and PT Graphix Magnet Guidewires 
with ICE Hydrophilic Coating are intended to facilitate the placement of balloon dilatation catheters or 
other therapeutic devices during PTCA or other intravascular interventional procedures. They are not 
intended for use in the cerebral vasculature.
CONTRAINDICATIONS 
None known.
WARNINGS
Guidewires should be used only by physicians thoroughly trained in their intended use. Use extreme cau-
tion and careful judgment in patients for whom anticoagulation is not indicated. Severe reaction may occur 
in response to contrast agents that cannot be adequately premedicated. Excessive force against resistance 
may result in separation of the guidewire tip, damage to the catheter or vessel damage. Resulting guidewire 
fractures might require additional percutaneous intervention or surgery. The hydrophilic coating of these 
guidewires increases the possibility of vessel wall perforation compared to non-hydrophilic coatings. Care 
should be taken when advancing a guidewire after stent deployment. A guidewire may exit between stent 
struts when recrossing a stent that is not fully apposed to the vessel wall. Subsequent advancement of any 
device over the guidewire could cause entanglement between the guidewire and the stent.
PRECAUTIONS
Carefully check and match therapeutic device compatibility to the wire prior to use. Sharp insertion tools 
may compromise the integrity of the polymer coating. To avoid guidewire damage and possible shearing of 
plastic, do not withdraw or manipulate the wire through a metal needle cannula. Excessive tightening of the 
torque device onto the wire may result in abrasion of the coating on the wire.
Boston Scientific guidewires (DFU 90976970) are designed to be compatible exclusively with the AddWire™ 
Extension Wire for interventional device exchange. Do not use another extension or exchange system. 
Carefully check and match the compatibility of the guidewire diameter with the interventional device prior 
to use. These guidewires should only be used in devices having an inner lumen diameter greater than 0.015 
in (0.39 mm).
Boston Scientific Magnet guidewires (DFU 90976935) should only be used in devices having an inner lumen 
diameter greater than 0.015 in (0.39 mm). NOTE THAT THE ACTUAL DIAMETER MAY BE UP TO 0.015 
IN (0.39MM) IN THE MAGNET EXCHANGE SEGMENT OF 182 CM guidewires. Compatibility of the 
therapeutic device with the 182 cm guidewire and The MAGNET Exchange Device should be verified prior 
to use to ensure holding force adequate to keep wire from moving during exchange. 
ADVERSE EVENTS
Potential adverse events which may result from the use of the device include but are not limited to:
• Allergic reaction to contrast media • Embolism • Hemorrhage or hematoma • Infection, local infection, 
systemic infection • Pain at the access site • Pseudoaneurysm • Vascular thrombus • Vessel spasm • Vessel 
trauma (dissection, perforation, rupture or injury)
In addition, when used for PTCA:
• Abrupt closure • Angina or unstable angina • Arrhythmias • Cardiac tamponade/pericardial effusion • 
Contrast induced renal insufficiency or renal failure • Death • Myocardial infarction or ischemia • Stroke/
cerebral vascular accident (CVA)/transient ischemic attack (TIA)
Some of the above potential adverse events may require additional surgical intervention.
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