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Endovascular Today recently gathered several experts in endovascular therapies from europe 

and the United States to discuss optimum use of drug-eluting balloons (DeBs) to treat lesions 

in the superficial femoral (Sfa) and popliteal arteries. their recommendations were based 

upon both the relevant clinical evidence and their own experience. 

Note:  in order to gain a more balanced and robust discussion, we requested that our 

physician panelists provide their recommendations based on all endovascular therapies for 

which they had clinical knowledge and experience, regardless of the regulatory status of those 

products in the countries in which their practices are based.

LeSIoN LeNGth
Defining long lesions, how length influences treat-
ment protocol, and the effectiveness of drug-eluting 
technologies and stents in long lesions. 

Endovascular Today (EVT):  When treating SFA or 
popliteal lesions, what considerations do you have with 
respect to lesion lengths?

Dr. Rocha-Singh:  For the infrainguinal vascular bed, 
given the diverse heterogeneity of vascular angiograph-
ic demographics—lesion lengths, in-flow and runoff, 
lesion calcification, and chronic total occlusion (CTO) 
stenoses—there is no “one-size-fits-all” approach. 

With regard to lesion lengths, the questions for me 
are, what exactly is a lesion length? Is it a stenosis or an 
occlusion, or a combination? What clinical scenario is 
the patient facing? Is the patient experiencing claudica-
tion or critical limb ischemia (CLI)? If it’s a patient with 
CLI, I use his or her clinical situation to drive a lot of my 
decision making because I understand that if I fail, the clini-
cal consequences for that patient may be severe. 

For instance, now that we have drug-eluting stents 
(DESs)—although we may debate the actual data that 
would support the use of DESs in SFA occlusions—
there is a suggestion that they may be superior to 
bare-metal stents and are clearly superior to plain old 
balloon angioplasty (POBA) or a combination of ather-
ectomy and balloon angioplasty. That is my general 
paradigm: combining patient demographics with the 
angiographic lesion characteristics and the clinical set-
ting. This allows me to understand that there is no one 
device that fits all of these patients. 

Having said that, I look at this as a Venn diagram, 
because cost is increasingly becoming an important 
point of my decision making in my practice. 

Increasingly, our CV product-line administrators place 
an emphasis on the cost to treat similarly situated 
patients but not as much emphasis on patient out-
comes. While I am credentialed and experienced in the 
use of endovascular devices to treat peripheral arterial 
disease, my administrator may still say, “Dr. Singh, you 
just treated a Rutherford X claudicant, and your price 
for treating that patient as an outpatient was Y dollars.” 
At some point in time they’re saying, “Dr. Singh, you 
spent more than another physician to treat a patient 
with a similar diagnosis.” To which I can ask, “Well, 
what were the clinical outcomes of the other physi-
cian?” But unfortunately, that’s not what they’re cur-
rently focused on. They are simply looking at bottom 
line cost. 

EVT:  Professor Zeller, do you have any particular 
rules that you follow regarding lesion lengths or other 
lesion characteristics? 

Professor Zeller:  First of all, my treatment protocol 
is not affected by the patient’s clinical state. If there is 
an indication for revascularization, it is not really worth 
discussing whether this is a claudicant or a CLI patient; 
I want to offer both patient cohorts the best possible 
treatment option. My protocol remains the same for 
claudicants, because they do not want to come back 
for a redo procedure, and for CLI patients, because they 
are aiming to keep their foot in their shoe. 

Regarding lesion length, controlled studies and data 
are still sparse for long lesions, so it’s not easy to give 
a clear recommendation on how to treat long lesions. 
The evidence we do have for almost all devices is based 
on studies for lesion lengths up to 20 cm and usually 
only TASC A and B lesions. In the meantime, we know 
from those analyzing the data in the Zilver PTX registry 
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that DESs do a good job in long lesions (e.g., TASC C 
and D lesions; > 15 cm) and we know that VIABAHN 
does a good job in long lesions based on the VIASTAR 
trial.

We also recently analyzed our outcome data regard-
ing the treatment of long lesions with DEBs, and there 
was a slight trend toward better outcomes as com-
pared to DESs with regard to patency.

The bottom line is that the best possible treatment 
based on lesion length, in my opinion, is to start with 
a DEB. The next step would depend on the acute out-
come result of the DEB angioplasty; if that result is suf-
ficient, meaning residual stenosis is < 50%, we are fin-
ished, and nothing else has to be done. If the post-DEB 
result is insufficient, then we need to put in a stent. If 
you need good scaffolding due to severe calcification 
of the lesion, for example, then it should be a compres-
sion-resistant stent such as the Supera stent (Abbott 
Vascular, Santa Clara, CA). If you have dissections, the 
use of mini stents could be discussed, such as the Tack-It 
(Intact Vascular, Wayne, PA), with which Dr. Schneider is 
very familiar. 

In summary, our first-line strategy, regardless of lesion 
length, is to perform DEB angioplasty in almost 90% of 
the cases. 

EVT:  Dr. Schneider, can you briefly explain the Tack-It 
that Professor Zeller just mentioned?

Dr. Schneider: The Tack-It endovascular system is 
a multiloaded catheter with four separate implants 
or Tacks, which can be used in a customized fashion 
to optimize angioplasty by applying focal mechanical 
support to areas with postpercutaneous transluminal 

angioplasty dissection. The self-expanding Tack-It has low 
outward force and uses minimal metal to achieve spot 
treatment only where needed. We have completed 
enrollment of the TOBA (Tack Optimized Balloon 
Angioplasty) trial in Europe, and early results show that 
a minimalistic implant can be used to manage post-
angioplasty dissections with excellent results. 

Dr. Tepe:  Our strategy, especially in long lesions, 
is to try to leave nothing behind, so we go in with a 
normal balloon. In total occlusions, we might have to 
predilate, so I will then add DEB technology. It is impor-
tant to understand that the DEB technology is different 
from POBA because the drug coating can make it more 
difficult to push through tight lesions, so a predilata-
tion of the lesion might be necessary. In addition to 
crossing the lesion, be keenly aware that the drug is 
only applied in the area where the balloon is inflated. 
You need to be careful that there is not a mismatch 
between the DEB and the predilatation, and between 
the DEB and the lesion; after predilatation, the lesion 
itself might be difficult to identify. Compared to the 
previous experience of most interventionists, where 
you just balloon the whole lesion and then stent if 
necessary, with a DEB, I do a last image hold to see 
where each DEB was applied because you cannot see 
this after the treatment. 

I think that, especially in more difficult lesions, drug-
eluting therapies are the way to go, either with a DEB 
or DES. Unlike Professor Zeller, to be cost effective in 
my practice, even though there may be good data that 
DEBs work better than POBA alone, if there is a very 
short, nonrestenotic lesion, I go with POBA first; 60% 
to 70% of patients with short lesions that do not have 

tAbLe 1.  LeIpzIG LoNG LeSIoN experIeNce1 At 12 MoNthS

Drug-Eluting Balloons for Long Femoropopliteal Artery Lesions

Lesion length 24.0 ± 10.1 cm

Balloon number (median) 3

Stenosis/occlusion 34.7%/65.3%

De novo 51.7%

Restenosis 11.1%

In-stent restenosis 37.2%

Total (n = 288) Popliteal Excluded (n = 183)

Lesion length 24 cm 23.7 cm

Patency 77.6% 82.4%

Target Lesion Revascularization 15% N/A

Study included multiple therapies in treatment of real-world patients.
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restenosis can be left alone. If a patient comes in with 
a restenosis or long lesion, I go in with more sophisti-
cated devices, such as a DEB or DES. 

Dr. Schneider:  We, of course, have less experience 
in our clinical practices in the United States compared 
to our European colleagues, but my sense is that the 
longer the lesion, the more you need drug-eluting 
therapies because we know that the longer lesions 
have less satisfactory patency rates. My sense is also 
that the longer the lesion, the more likely you are to 
need mechanical support. This is a bit of a conundrum 
because when it comes to mechanical support, we’re 
fairly limited. What we have available to manage unac-
ceptable angioplasty results are heavy metal structures 
with the well-described baggage of restenosis and frac-
ture. If you don’t want to use long stents and instead 
do spot stenting, it is feasible but becomes logistically 
ridiculous and cost prohibitive to conduct the case that 
way. There are no easy rules to follow here. Sometimes, 
patients with long lesions can be treated with just 
POBA, but the percentage of lesions that do well with 
POBA alone goes down as the lesions lengthen. In addi-
tion, we imagine that long lesions (> 20 cm) are failing 
due to the lesion length. What if some of the failures 
in that setting are due to the long stent itself, inde-
pendent of the lesion? If you could eliminate the use 
of long stents with DEBs, that would be fantastic and 
would allow the medication to do its job unimpeded.

We may find that even shorter lesions, such as TASC A 
or TASC B, can be economically treated with drug-elut-
ing therapies if we are able to eliminate or significantly 
reduce the failure rate (currently 20% to 30% at the 
1-year time frame) and save on the cost of recurrent 
treatments.

LeSIoN LocAtIoN AND cALcIfIcAtIoN
Optimizing results for problem areas in the SFA and 
procedural limitations in certain segments. 

EVT:  Dr. Rocha-Singh, based on your earlier response 
about treating the patient from a clinical standpoint, 
does lesion location enter into your calculation? 

Dr. Rocha-Singh:  Yes, it does. There are three areas 
in the femoropopliteal segment that particularly con-
cern me. One is the ostium of the profunda femoral 
artery (PFA)-SFA bifurcation. The heavy calcium that 
typically occurs at the PFA-SFA bifurcation can be 
problematic with regard to acute technical success 
and long-term patency. Unfortunately, the use of DEBs 
at this lesion location in investigational US trials is an 

exclusion criterion. As such, we will have to await an 
assessment of their effectiveness at this location only 
after they are approved for clinical use elsewhere in the 
SFA. 

The second problem area is Hunter’s canal; this loca-
tion is subjected to considerable compressive forces 
and tends to have a higher incidence of medial calci-
fication, which is particularly problematic. The third 
area is the distal segment of the femoropopliteal artery; 
because of the regulatory trial design in the United 
States (treatment of distal femoropopliteal artery, 
across and below the knee, was an exclusion criterion), 
we know little about the long-term effectiveness of 
class III implants in this location. 

Professor Zeller:  With regard to lesion location, I 
think there is almost no limitation for the use of DEBs. 
That’s a nice feature with a balloon-based technology; 
you can use this kind of device in every position in the 
femoropopliteal artery. 

My only limitation is the femoral bifurcation, the ori-
gin of the SFA and deep femoral arteries, because you 
have some plaque prolapse at these levels during angio-
plasty. I prefer to start with atherectomy and then, if 

Figure 1.  The degree of circumference of calcification has a 

key effect on restenosis. Once calcium covers four quadrants 

(> 270°) of the vessel wall, DEBs become less efficacious. Data 

(shown here from the Fanelli Calcified Lesion Experience) 

still support use of DEBs in all but the most severely calcified 

vessels.2
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necessary, we can combine with a DEB approach. We try 
to avoid stenting at that location because it’s very hard 
to precisely position the stent at the origin of the SFA to 
avoid some plaque shift to the deep femoral artery. 

The femoral bifurcation, including disease in the 
common femoral artery, is an optimal space for a com-
bined atherectomy and DEB angioplasty approach. In 
Germany, this approach is completely reimbursed. We 
have a fixed budget for atherectomy and are reimbursed 
for up to four DEBs, so our hospital administration 
has not placed any restrictions on the liberal use of 
DEBs as an adjunct to other technologies we need to use. 
Atherectomy as an adjunct or prerequisite to DEB appears 
to be quite valuable in calcified lesions, but that’s the ques-
tion we’re trying to answer with ongoing trials such as 
DEFINITIVE AR (Covidien, Mansfield, MA), which is a ran-
domized study evaluating the effect of directional atherec-
tomy plus DEB compared to DEB alone. 

Dr. Tepe:  I agree with Professor Zeller, but would add 
that we try very hard to avoid leaving anything behind 
in the popliteal artery or adductor canal and have found 
that it is very important to optimize the angioplasty 
result. We’ve learned a lot in our studies. One of the first 
I did was with Professor Zeller, and we achieved a very 
low stenting rate by engaging in optimal angioplasty 
for 1 minute and up to 5 minutes if the original POBA 
was not successful. It’s astonishing how often the result 
can be improved by doing this optimum angioplasty, 
so I think we have to learn more about our angioplasty 
techniques and which lesions should still be stented. 

To support Professor Zeller, I also think we have to 
learn about the limitations of DEBs. We don’t have to 
settle for 80% of the lesions being free of restenosis; we 
need to look into the 20% that are not and find out 
why. One of the obvious limitations is calcium, which 
results in a limited uptake of drug and therefore lesion 
preparation with atherectomy or cutting balloon may 
prove to be helpful. Professor Zeller also referred to our 
trial, DEFINITIVE AR, which is looking into this. 

Dr. Schneider:  We definitely have a lot to learn about 
how DEBs will function in a calcified environment. 
Which kinds of calcified lesions will be immune to the 
effects of the drug, and what do we have to do to pre-
pare a calcified lesion to be responsive to a DEB? In our 
current practice, if we cannot get a full balloon expan-
sion, or if there is a lesion that’s recalcitrant to aggres-
sive angioplasty, then we reinforce it with metal. I don’t 
know if the heavily calcified lesions are going to be right 
for a DES versus a DEB, or if there is a way that we could 
potentially mechanically prepare the calcified lesion so 

that the DEB would be functional. The adductor canal 
is a problem location in that it’s almost always calcified, 
which brings us back to the question of how a DEB will 
function in a calcified environment. 

The segment just distal to the adductor canal is highly 
flexible, so there are at least theoretical benefits for 
avoiding metal implants. I haven’t seen anything specific 
on that location from the amazing amount of data we 
have now. I’d be interested if either Professor Zeller or 
Dr. Tepe had noticed whether there is any place in the 
arterial tree where the drug effects are less active or 
where drug would not add a benefit.  

Professor Zeller:  I am not aware of any vessel loca-
tion where we have a different uptake of the drug. I 
believe the variable is primarily the vessel wall/plaque 
composition, meaning how severely the vessel is dis-
eased in terms of the degree of calcification and the 
total amount of plaque load. 

However, I do not know if the potentially inferior per-
formance of DEBs in calcified lesions is only a function 
of the degree of calcium. I believe that the release of the 
drug into the vessel wall is almost the same, regardless 
of whether the lesion is more or less calcified; however, 
the acute failure in obtaining significant lumen gain in 
those calcified lesions may be more important because 
we have immediate recoil due to the rigidity of this cal-
cified plaque material. That is one particularly important 
aspect of these calcified lesions: either you have to improve 
the vessel compliance by preparing the vessel with a cutting 
balloon or removing some plaque material, or you need to 
use a compression-resistant scaffold to maintain the acute 
lumen gain. 

Another question is, what is the effect of the calcium 
regarding positive remodeling? We have learned from 
early DEB trials that the angiographic results showed, in 
some individuals, an even bigger lumen 6 months after 
drug-eluting angioplasty compared to the acute result. 
During the vessel wall-healing process, there seems to be 
some drug effect in terms of an increased vessel diam-
eter as a result of positive vessel remodeling. We know 

“We learned from early DeB trials 
that angiographic results showed 
an even bigger lumen 6 months 
after drug-eluting angioplasty 
compared to the acute result.”

– Professor Zeller
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that severely calcified arteries do not positively remodel 
after DEB angioplasty. 

Dr. Tepe:  I would add that in the future, we also 
must learn more about dosing for DEBs. We cannot 
determine how much of the drug makes it into the ves-
sel wall. What role should dosing have on the patholo-
gy of the underlying disease? It might be that a diabetic 
or an in-stent restenotic (ISR) patient needs more drug 
compared to other patients, and currently we do not 
know that answer. I’ve recently treated two patients 
with Takayasu disease, but I was unable to achieve sus-
tained patency with DEBs in those patients. There are 
limitations.

EVT:  Professor Zeller, you said you found it doesn’t 
really matter, the plaque calcium burden?

Professor Zeller:  It could be because, theoretically, 
drug release during balloon inflation into the vessel wall 
should not be affected by the degree of calcium. The 
wash-off could be affected by severe and, in particular, 
intimal calcification. However, I’m not aware of any 
kind of preclinical study on this because it’s hard to 
model calcification in an animal. I believe we will never 
get the answer to this question about difference in drug 
uptake between calcified and noncalcified lesions.

Dr. Tepe:  I believe the main reason for the inferior 
performance of the DEB in those severe, concentrically 
calcified lesions is probably not the biological effect of 
the drug. It’s more likely the mechanical effect of the 
calcification preventing a significant initial lumen gain 
and preserving this lumen gain due to the recoil of the 
calcium, which is making the vessel wall almost incom-
pliant to the angioplasty procedure. 

Dr. Schneider:  I think we need to quantify what we 
mean by calcification. We could do volumetric calcifi-
cation with a CT scan, but perhaps the actual volume 
of calcium doesn’t matter? Maybe it’s the length or 
the degree of circumference of the calcified artery 
that matters? Maybe it’s the thickness of the calcific 

rind? Even relying on the meager number of studies 
that have tried to look at it, the calcification system is 
incredibly qualitative and subjective. 

Calcium is relatively inert material, so the idea that 
we’re going to get any effect on calcification with this 
medication seems counterintuitive to me. Severe, 
diffuse calcium could prevent uptake of the drug. 
Circumferential, longitudinal calcium forms a shell cas-
ing right over the surface of the artery. 

It may be that calcified arteries require specific 
lesion preparation to be amenable to DEB. Part of the 
angioplasty method is breaking the calcium and creat-
ing crevices where the medication can be absorbed. 
However, if you don’t actually get an expansion of the 
balloon and you are not really cracking the calcium, 
perhaps the medication may never be absorbed. I’m 
assuming DEBs will have the same problem as POBA’s 
ineffectiveness against calcium—the inability to fully 
expand the balloon.

Almost every lesion has some element of calcium, 
and the only thing besides dissection that we’re less 
able to quantify properly is calcification. I’m a lot more 
concerned about the exophytic, or clump-type of cal-
cium, which we see in the SFA with some regularity (5% 
to 10% of the time). Balloon angioplasty is uniquely 
unsuccessful in my opinion with these lesions; to me, 
atherectomy makes a lot more sense in this case. 

I think we have to prepare the artery differently in a 
calcified environment. Unless we get that initial lumen 
gain that Professor Zeller is talking about, we might not 
have significantly improved results with DEBs in those 
lesions. Yet these same patients are not typically the 
ones you want in a prospective, randomized study of 
POBA versus DEBs to see the overall drug effect. Most 
of the patients with very heavy calcification have prob-
ably been screened out of most of the studies. 

preDILAtAtIoN
The debated necessity of dilatation before DEB use, 
both in trials and real-world clinical experience. 

EVT:  Professor Zeller, what are your thoughts regard-
ing predilatation of a heavily stenotic artery? 

tAbLe 2.  StuDIeS DeMoNStrAtING Deb cLINIcAL effIcAcy

Study Patency (12 mo) Target Lesion Revascularization (12 mo)

THUNDER3 79% 7%

PACIFIER4 91.4% (6 mo) 7.1%

SFA Italian Registry5 83.7% 8.7%

Leipzig Long Lesion Experience1 77.6% (23.7-cm lesion length) 15%
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Professor Zeller:  It depends on the severity of the 
degree of the stenosis and the degree of calcifica-
tion. The strategy in our institution is to predilate 
every CTO and every lesion with a stenosis of more 
than 90%. In severely calcified lesions, we predilate 
lesions with an even lower degree of stenosis. This 
also depends on which kind of DEB you are using, 
particularly in the femoropopliteal artery because we 
have two different devices available: the 0.035-inch 
guidewire-compatible system, the IN.PACT Admiral 
(Medtronic, Inc., Minneapolis, MN), and the 0.018-inch 
guidewire-compatible, low-profile IN.PACT Pacific 
balloon (Medtronic, Inc.). Using the low-profile bal-
loon makes it much easier to primarily engage the 
lesion with the DEB without experiencing too much 
friction between the DEB surface and the lesion, 
with a relatively low likelihood of losing a significant 
amount of drug at spots with severe friction. 

The key question is whether there is any benefit of 
predilatation. I personally believe that predilatation 
does not result in different technical outcomes in terms 
of patency. I already asked for a new generation of DEBs 
with less friction for the direct DEB angioplasty in order 
to reduce the costs, because predilatation requires an 
additional balloon. 

Dr. Tepe:  I am not aware of any data showing that pre-
dilatation is mandatory. Of course, a lot of study protocols 
require physicians to predilate high-grade stenoses or total 
occlusions, but in several trials, such as the THUNDER and 
PACIFIER trials, predilatation was either 0% or low (10% or 
15%), and the results were very good. 

We should reconsider whether to make predilatation 
mandatory. From a technical aspect, a DEB has a dif-
ferent surface, which is not as easy to push compared 
to normal angioplasty balloons, so sometimes you do 
have to predilate, especially below the knee. Most of 
the time, however, if you can get a really good stiff wire 
across the lesion, you can easily advance the DEB and 
dilate with no problem. 

The problem with predilatation is that it can be very easy 
to predilate a segment of the artery that you do not subse-
quently cover with a DEB, and then you have a mismatch 
between predilatation and DEB therapy. After predilata-

tion, we don’t always know exactly where the lesion ended, 
and we may inadvertently predilate more distally or proxi-
mally than the DEB. Ongoing studies might instruct us on 
whether predilatation is an issue. It might not be beneficial 
because of this mismatch. 

Professor Zeller:  That’s one of the reasons why, if 
we predilate in our institution, we focus the attention 
of predilatation to that segment of the lesion that is 
the most severely diseased. We are not predilating the 
entire length with a regular balloon. If you have a total 
lesion length of 10 cm and there is only a spot steno-
sis of 2 cm in length with 90% stenosis degree, then 
we treat only those 2 cm with predilatation, followed 
by a second dilatation with a DEB covering the entire 
lesion length. This avoids the geographical mismatch 
after predilatation with an uncoated balloon. It’s a very 
important aspect of this combined use of predilatation 
and DEB angioplasty. 

EVT:  Dr. Rocha-Singh, since your experience has 
been in studies in the United States, I assume that you 
do not have any experience outside of the protocols 
requiring predilatation?

Dr. Rocha-Singh:  No, actually, I take a couple of 
different points of view with regard to predilatation. 
First, predilatation is mandatory in the regulatory tri-
als, and that was a specific intent for the writers of the 
protocols for several reasons. From a regulatory point 
of view, there was a concern that without predilatation 
there could be a higher rate of device failure with an 
increased requirement of provisional stenting. If you look 
at the rates of provisional stenting in the LEVANT 2 (Bard 
Peripheral Vascular, Inc., Tempe, AZ) and SFA studies 
with Medtronic’s IN.PACT balloons, the provisional 
stent rates are in the low single digits. This was, in part, 
due to the requirement that the lesion was predilated 
with a balloon < 1 mm of the reference luminal diam-
eter. If you predilated and noted vessel recoil > 70% or a 
severe flow-limiting dissection, that patient was deemed 
a screened failure and never enrolled in the trial. 

Even after you deployed the DEB, if there was evidence 
of recoil and/or a dissection, there was a requirement 

tAbLe 3.  uSe of Debs IN occLuSIve DISeASe

Study % Occlusions Patency Target Lesion Revascularization

PACIFIER4 22% 91.4% (6 mo) 7.1% (12 mo)

SFA Italian Registry5 29.8% 83.7% (12 mo) 8.7% (12 mo)

Leipzig Long Lesion Experience1 65.3% 77.6% (12 mo) 15% (12 mo)
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that a translesional gradient be assessed due to the very 
subjective nature of how you define device failure. If cri-
teria for device failure were met, the investigator was free 
to perform provisional stenting, and that patient was 
censored, although follow-up was continued.

As to whether vessel predilatation is necessary in 
the “real world,” we don’t know. I’m not so sure that 
by effectively increasing the vessel wall surface area, 
whereby drug may penetrate by predilatation, that 
we could potentially drive more drug into the vessel 
media. There is a company that actually allowed par-
ticipants in their first-in-man trial to not predilate the 
vessel. I wonder if there’s a concern that there would 
be a higher provisional stent rate in the cohort that did 
not undergo vessel predilatation? However, I suspect 
that in the United States, the DEB’s instructions for use 
will recommend vessel dilation, as this was performed 
in the regulatory trial.

If it comes to pass that there’s a higher provisional 
stent rate with direct DEBs, then this may be a tech-
nique you want to avoid. Perhaps Dr. Tepe can help 
me. For you, is avoiding predilatation just a cost issue, 
or is that a time issue? Or do you think there’s a clinical 
issue involved? 

Dr. Tepe:  One reason to predilate is that it might be 
possible that, due to a high-grade stenosis, some drug 
is lost very proximal to the target lesion. If you just pass 
a high-grade stenosis, some drug is just delivered there 
with no balloon inflation. 

The other reason to predilate is to better push the 
DEB to the lesion. The provisional stent rate is, in my 
opinion, not dependent on predilatation but rather 
much more on how I do the angioplasty with a DEB or 
conventional balloon. 

EVT:  In the THUNDER trial, was predilatation optional?

Dr. Tepe:  Yes, it was optional. It was an investigator-
initiated study, and predilatation was optional and very 
rarely done, even in total occlusions. 

Dr. Schneider:  I started out thinking that predilata-
tion was an unnecessary step and was honestly a little 
annoyed that we were being forced to do it. But now 
that the process is unfolding, I think that predilatation 
will assist us to better separate the effect of the medi-
cation from the mechanical issues. There is a real chance 
that, without predilatation, there will be a high loss of med-
ication during the passage of the balloon across the lesion. 
In order to make the dosage of medication as standard as 
possible, I think it makes sense to predilate all the lesions 
with a balloon that’s 1 mm smaller. 

In US randomized trials, predilatation was also used 
to help identify lesions that are morphologically more 
challenging and likely to dissect. As you know, in the 
US-based trial, when a really bad dissection occurred 
on the basis of the predilatation, typically that patient 
was not enrolled. Some say then it is not a real-world 
study. My answer to that would be that the purpose of 
the study was to identify the effect of the medication. I 
think having that predilatation did help, and it will help 
us to isolate the effect of the medication.

chroNIc totAL occLuSIoNS
Navigating occlusive disease.

EVT:  Do you treat CTOs differently than highly stenotic 
lesions as long as you’re able to cross them?

 
Dr. Tepe:  The first aim in a CTO is to cross the 

lesion. There are two options: subintimal or intralumi-
nal. If I’m going subintimal, the task is to get reentry. In 
the THUNDER trial and several other trials, there are 
many patients who have been treated with a subintimal 
approach, and my understanding is that DEBs do very 
well there. By contrast, if you have a total occlusion 
in a calcified lesion and you are staying intraluminal, 
it might be much more difficult to have good longer-
term patency with just a DEB. 

To have better long-term patency with drug-eluting 
technology in the future, it may be better to go subinti-
mally because you have better patency. 

tAbLe 4.  SteNtING After Deb uSe reLAteD to LeSIoN LeNGth

Study Mean Lesion Length Provisional Stent Rate

THUNDER3 7.5 cm 4%

FemPac6 5.7 cm 9%

PACIFIER4 7 cm 20.5%

SFA Italian Registry5 7.6 cm 12%

Leipzig Long Lesion Experience1 24 cm 23.3% (only 5.9% stented full lesion)
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Dr. Rocha-Singh:  There has always been this concern 
with regard to intentional subintimal passage, and I’m 
a strong believer in minimizing procedure time, device 
resources, and radiation exposure in trying to cross 
CTOs “intraluminally,” as opposed to intentionally, 
immediately going after a subintimal approach. For a 
long CTO, the two important factors affecting success 
are lesion length and calcium. 

reSteNoSIS AND DevIce fAILureS
Revascularization and restenosis rates with DEBs, 
dosing, and procedural failures. 

Dr. Rocha-Singh:  I’d like to ask Dr. Tepe, are you sat-
isfied with the results of DEBs right now with regard to 
restenosis rates and total lesion revascularization?

Dr. Tepe:  I am much happier compared to what 
was previously available, but as I said in the beginning, 
there is still a certain amount of restenosis, and we have 
to examine any limitations of those DEBs and better 
identify the patients or lesions in which it will be less 
successful. Once we identify the patients, we need to 
improve the device or use different drugs or dosing to 
improve their condition. 

Dr. Rocha-Singh:  As physicians, we are never satis-
fied with the results we get, but we are still not able 
to answer the question, “What is the failure mode of 
DEBs?” We discussed the issue of vessel wall calcium, 
but to address Dr. Schneider’s point, we don’t even 
have a validated calcium score that we can use in the 
periphery. We’re starting to work on developing a vali-
dated calcium score that is tied to acute procedural 
and 30-day outcomes, but that will take a great deal of 
time. 

I think that Dr. Tepe and Professor Zeller are going to 
educate a lot of us about these dichotomies between 
intimal calcium—which you can treat with atherec-
tomy—and medial calcification, which we might not be 
able to treat. 

Dr. Tepe:  I think more effort will need to be spent 
on the dose issue. In our first study, the THUNDER trial, 
we looked into the data and saw that the crossover 
procedures did not do as well as the antegrade ones. 
What might be the reason for this? One possibility is 
that in the first version of the device, some of the drug 
was stuck in the sheath because it was less sophisti-
cated than the current devices. 

Dr. Rocha-Singh:  How do you treat DEB failures? 

Dr. Tepe:  I have only had rare failures, but I treated 
several DEB failures of ISR with a double dose of pacli-
taxel by using two balloons at the same location. 

Dr. Rocha-Singh:  Let’s say that instead of ISR, you 
have a native vessel with a 7-cm lesion with moderate 
calcification, but some time after treating that lesion 
with a DEB, a focal stenosis returned. Would you just 
use POBA or another DEB? 

Dr. Tepe:  There are essentially two different 
approaches. One approach is to prepare the vessel with 
atherectomy and then increase the dose, by using more 
DEBs inflated in the same location. The other option 
is to decide that I cannot help this patient with DEB 
technology and try using a covered stent graft to fence 
the lesion. Of course, if neither of those options works, 
bypass surgery is also an option. 

DISSectIoNS AND SteNtING
Defining flow-limiting dissections, provisional stent-
ing, and the difference in approach to dissections 
with POBA versus DEBs.

EVT:  One of the grounds for bailout stenting has 
been flow-limiting dissection. Do we have a definition 
that’s been serviceable? Is there an objective test to 
determine when a dissection is “flow limiting”?

Dr. Schneider:  We have a partial working definition 
because of the coronary experience, but we do not 
have a good handle on it in the periphery, in my opin-
ion. We are attempting to apply the coronary grading 
system (which is based on short lesions in a  
2- to 3.5-mm artery) to the peripheral arteries. 
Therefore, our current grading system is only a start; we 
skipped directly from noting that the lesion is dissected 
to putting in stents, without first assessing the severity 
or the clinical significance of the dissection. So now we 
are in an era where we’re trying to discern the difference 
and relative value of mechanical support (from a stent 
or a Tack) and the medication that is applied via DEBs for 
the goal of long-term diminishment of neointimal growth.

Dr. Rocha-Singh:  There is a standard scale for flow 
dissection, but many doctors don’t know the difference 
between a C and a D or an F based on whether there is 
a combination of dissection, or if it is spiral, or if there 
is subintimal hematoma. A big component of that 
analysis is the extent of the runoff. 

I have learned a lot from my European colleagues 
watching live DEB cases at LINC and seeing clinicians 
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leaving these horrendous angiographic results, but 
then they would show the angiogram 6 months later, 
and the DEB segment was patent. That has been a 
big concern as DEB technology comes to the United 
States because our doctors are accustomed to seeking a 
stent-like result in all procedures and may insist on the 
same from DEB procedures. That becomes problematic 
because it usually means that you have to put in a 4-F 
catheter and do simultaneous pressure gradients, so 
it’s an added step to remove subjectivity and basically 
defines a device failure before provisional stenting. 

Dr. Tepe:  We analyzed the first data from 
THUNDER, where we left those dissections alone and 
opted not to stent, and we found that with low-grade 
dissections—A, B, and C—it doesn’t really matter if you 
have a DEB or non-DEB. If a dissection is more severe, 
and you don’t treat with a DEB, the likelihood of having 
a restenosis is 100%. By contrast, with DEB technology, 
we have far less chance of restenosis; it appears to be 
melting away those dissections. 

However, if you do a balloon angioplasty, and you are 
looking carefully at the angio of almost every patient, 
you will see dissection because we create a dissection 
when we do balloon angioplasty. The key factor is 
assessing how severe the dissection is. As the dissec-
tion becomes more severe, with POBA, it will result in 
restenosis; with DEB technology, the outcome is usually 
quite good, and stents are needed much less. 

EVT:  In what scenario would you use provisional 
stenting?

Dr. Tepe:  There are two scenarios when I would 
stent a lesion after DEB. The first is if there is a dissec-
tion that is really flow limiting. The other would be if 
there were calcification that also pops into the vessel 
wall and limits the flow. Of course, we don’t have the 
data to know if this is going to work long term, but 
that is my current protocol. 

Dr. Rocha-Singh:  Dr. Tepe, do you think, theoretical-
ly, once you use a DEB and a stent, the drug is retained 
in the vessel over a greater period of time? 

Dr. Tepe:  The animal data seem to show that the 
drug retention is higher in the vessel wall with stenting. 

EVT:  Dr. Rocha-Singh, what has been your post-
procedure protocol?

Dr. Rocha-Singh:  With the regulatory trials, there is 

a lot of angst about stenting after DEB because that is 
deemed a device failure, and obviously, no one wants 
to see that. 

Dr. Tepe:  I do not think in the current studies we 
consider it a device failure if you stent; it’s a failure of 
the procedure. Device failure would be if you were 
unable to cross the lesion or if it just bursts; bailout 
stenting should not be deemed a device failure, but 
rather a procedure failure. 

Dr. Rocha-Singh:  I agree with that analysis. That’s an 
important point because I think when you deliver the 
drug in the vessel wall, but you have a flow-limiting dis-
section, the drug didn’t fail. From a regulatory point of 
view, this is called a device failure, but I would tell the 
patient, “I think you’re going to do just fine.”

EVT:  Dr. Schneider, how does your approach to dis-
sections differ between POBA and DEBs?

Dr. Schneider:  With regard to dissection after angio-
plasty, I think part of our challenge is trying to judge 
the dissection using arteriography, which doesn’t fully 
give us the extent of the dissection. Sometimes it just 
looks hazy, and sometimes, you can see a clear-cut tis-
sue plane when you are looking at it on pause. Having 
said that, until every lab routinely uses intravascular 
ultrasound or some other cross-sectional imaging, we 
should try to set standards based on angiography. 

When you look at a dissection, whether it appears to be 
flow limiting or not, you need to assess the extent of the 
damage. There are a few ways to approach treatment. If 
you repeat the angioplasty, you may be able to lay down 
some of the dissection flap, although we don’t have data 
showing that it works long term. When we reinflate the 
balloon and see what appears to be a slight improvement 
in the dissection, we don’t know if we are actually helping 
the patient. The moment I take the patient off the table, 
the dissection flap may unfurl again, because the balloon 
is no longer there. There is nothing that I know of that 
would suggest that the medication on a DEB can somehow 
decrease the mechanical effects of angioplasty. In other 

“With DeB technology, we have 
far less chance of restenosis; 
it appears to be melting away 
those dissections.”

– Dr. tepe
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words, dissection is going to be a problem after DEB, just 
like it is a problem after POBA.

We have a lot of data to support the use of stents for 
post-POBA bailout, but we hardly have any data with 
stents after DEBs. In this particular area, I’m very biased 
personally. I believe that when we stent long lesions and 
we get poor long-term results, everybody focuses on the 
length of the lesion, but I think the results are due to the 
length of the stents. We put in this longitudinal struc-
ture that bends every time the patient takes a step. It’s a 
setup for both biological and mechanical failure.  

In the non-DEB world, it’s rare to treat long lesions 
without stenting. Part of the indication for using a stent 
is an occlusion, a long lesion, or a flow-limiting dissec-
tion. Because long lesions are more likely to be stented, 
it is very hard to discern whether the main cause of 
restenosis is the lesion length or the stent length.

I would assert that if spot stenting were a feasible 
procedure from an economic and logistical standpoint, 
the results would be better than we achieve with long 
stents. In the pre-DEB era, spot stenting in the coro-
naries was advantageous to long stenting. But in the 
periphery, we don’t have the data. All the studies have 
a focused treatment protocol in which we approach a 
single SFA lesion and stent from healthy artery, across 
the lesion, to healthy artery on the other side. 

EVT:  In a DEB situation, what would be your pre-
ferred treatment with a dissection?

Dr. Schneider:  The whole focus of the DEB technol-
ogy is to increase the long-term patency by diminishing 
the biological response of the artery to the treatment 
with medication. If you add a stent in that setting, 
you are adding a stimulant that will likely create an 
undesirable long-term biological response from the 
artery. If any mechanical support is going to be added, 
it should be minimized to the extent possible. I have 
been involved in helping to develop the Tack-It system 
because I really believe in that concept. 

I think one key to making DEBs successful is to refrain 
from adding any more mechanical implants than we 
absolutely have to. To do this, we need to make the 
concept of focal mechanical support viable, because 
the current stenting platform is just too clunky. We 
need to use something that has a minimal amount of 
metal, lower outward force, and is capable of delivering 
multiple devices from a single catheter. 

In the pre-DEB era, when we didn’t work too hard to 
understand the impact of dissections, I believe we prob-
ably stented more aggressively than we needed to. Having 
said that, if we go to the other end of the spectrum and 

look at these disfigured arteries immediately post-DEB or 
post-POBA, most practitioners would not be content to 
stop there and leave behind a poor angiographic result 
with the possibility that there could be a problem later. 

A number of dissections do need to be treated. 
Certainly, we need to treat flow-limiting dissections, 
but I contend that we also need to treat any clear dis-
section plane that is encroaching upon the lumen. If 
you can treat that type of dissection with focal 
mechanical support, it could potentially improve both 
the acute and chronic outcome, by preventing the 
dissection flap from creating a diminished lumen or 
propagating down the artery. 

In the era before stents were available, the develop-
ment of balloon angioplasty was significantly disadvan-
taged by the fact that practitioners were keenly aware 
that our only bailout for terrible post-angioplasty dis-
section was an emergency femoral-popliteal bypass. In 
most institutions, angioplasty use was limited to fairly 
focal lesions, because there was no acceptable bailout. 
Even under that limited subset of use, there are refer-
ences from the prestent era that around 5% of patients 
would end up having to go for an urgent femoral-
popliteal bypass. Today, we don’t have that problem 
because we have stents to bail us out. As a result, we 
tend to minimize the danger of dissections. 

EVT:  When you do decide to stent after DEB therapy, 
how do you decide which stent to use? 

Dr. Rocha-Singh:  Investigators are put on a very 
short leash with these trials, so I would not be able to 
speak fully to that issue. However, from what I know 
from my experience in talking to a lot of European key 
opinion leaders and seeing a lot of films coming through 
core labs, I get the sense that spot stenting, as opposed 
to stenting the whole lesion, makes sense to me. If there 
is an inflow dissection sealing and an area of recoil and 
severe calcification that would cause a stenosis, I would 
spot stent that with a 2- to 4-cm nitinol stent. Intact 
Vascular’s Tack-It concept makes sense to me.

“One key to making DeBs 
successful is to refrain from 
adding any more mechanical 
implants than we absolutely 
have to.”

– Dr. Schneider
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Dr. Tepe:  My choice is to spot stent, which I believe 
is very important. I do not know if there is a single stent 
that really works better than the other stents when 
used in conjunction with DEBs. The one consideration 
is that the stent must have the capacity to deal with 
the limitation of the DEB, which is either the dissec-
tion or calcification. Generally, a stent with more force 
might be more successful compared to a weak one. 

Dr. Rocha-Singh:  If you have a dissection, do you 
have a strategy on where you stent? Do you stent at an 
area where there is luminal narrowing or do you say, “I 
don’t want this to propagate, and therefore I am going 
to stent at the distal end of the dissection?”

Dr. Tepe:  If I have a flow-limiting dissection, I usu-
ally stent the whole dissection, which normally is just 
a few centimeters.

Dr. Rocha-Singh:  I’m still “old school” and am one of 
those doctors who will balloon and stent, or only put 
in stents as part of clinical trials or postmarket surveil-
lance trials. I do think that ISR is a major problem. Data 
came out of TCT and VIVA last year with 36-month 
binary restenosis rates in bare-metal stents in lesion 
lengths of that concern.

My reticence about stenting is that you exchange 
one disease process (ISR) for something that was easier 
to treat, which is de novo atherosclerosis. We don’t 
know how to best treat ISR. There is no current US 
regulatory pathway. Atherectomy with the SilverHawk 
device (Covidien, Mansfield, MA) has a black box con-
traindication for ISR. Some atherectomy companies say 
that they want to try to tackle this problem. As you 
know, Spectranetics Corporation (Colorado Springs, 
CO) is seeking to get FDA indication for treating ISR. 

I was a coprincipal investigator on a 20-cm stent 
trial in claudicants treating long lesions with a single 
long stent. These data looked relatively good at 1 year, 
but at 36 months, the freedom from target lesion 
revascularization in lesions > 8 cm was approximately 
61%. While this is an acceptable long-term outcome, I 
believe we can do better. The FDA now requires com-
panies to report long-term follow-up clinical outcomes 
data and stent fracture rates at 1 and 3 years, so we will 
be able to assess long-term durability of nitinol SFA 
stents. If the results of DEBs are better or at least com-
parable, I think we may reconsider their routine use. 
The cost of DEBs may be higher in the near term; how-
ever, when reintervention rates are considered over a 
longer term, they may prove to be more cost effective. 
That is why I am so glad that DEBs are coming along. n
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“When reintervention rates are 
considered over a longer term, 
DeBs may prove to be more cost 
effective.”

– Dr. Rocha-Singh
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IN.PACT™ Admiral™
Paclitaxel-eluting PTA Balloon Catheter
1. Description
The IN.PACT™ Admiral™ is a paclitaxel-eluting, over-the-wire (OTW)
peripheral balloon catheter manufactured by Medtronic, Inc. The FreePac™
drug coating on the balloon of the IN.PACT Admiral consists of the drug
paclitaxel and the excipient urea. The balloon catheter physically dilates the
vessel lumen by percutaneous transluminal angioplasty, and the drug coating
is intended to reduce the proliferative response that is associated with
restenosis. Paclitaxel stabilizes microtubules to reduce cell proliferation.
The IN.PACT Admiral has a dual-lumen shaft. This shaft branches into two
tubes at the proximal end; one tube forms the entrance to the central lumen
for the guidewire, while the other tube serves as the passage for the mixture
of contrast medium and saline solution that inflates and deflates the balloon.
The catheter construction and the balloon material are designed to reach
targeted balloon diameters, which will vary depending on the balloon size and
defined pressure. The length of each balloon is specified. Two radiopaque
platinum-iridium markers indicate the working length of the balloon to aid in
positioning the balloon across the target lesion during fluoroscopy. Maximum
guidewire diameter is 0.035 in (0.89 mm).
The IN.PACT Admiral is available in an assortment of balloon sizes. Nominal
balloon diameter and lengths are printed on the hub. The IN.PACT Admiral
does not contain natural rubber latex; however, during the manufacturing
process, it may have incidental contact with latex.

2. Indications
The IN.PACT Admiral is indicated for percutaneous transluminal angioplasty
(PTA) in patients with obstructive disease of peripheral arteries.

3. Contraindications
IN.PACT Admiral is contraindicated for use in:
■ Coronary arteries and supra-aortic/cerebrovascular arteries
■ Lesions that cannot be crossed with a guidewire
■ Pregnant or breast-feeding women
■ Patients with known allergies or hypersensitivities to paclitaxel

4. Warnings
■ This device is intended for single use only. DO NOT RESTERILIZE

AND/OR REUSE. The drug coated surface is effective for a single use
only. Reuse or resterilization may create a risk of contamination of the
device and/or cause patient infection or cross-infection, including the
transmission of infectious disease(s) from one patient to another.
Contamination of the device may lead to injury, illness, or death of the
patient. Reuse or resterilization may compromise the structural integrity
of the device and/or lead to device failure which may result in patient injury,
illness, and death. Medtronic, Inc. is not responsible for any direct,
incidental, or consequential damages resulting from resterilization or
reuse.

■ Inspect the IN.PACT Admiral prior to the procedure to verify that the
product is intact and functional. Do not use if the outer or the inner
packaging is damaged or opened.

■ Never apply positive pressure to the balloon during preparation.
■ To reduce the potential for vessel damage, inflate the balloon to a diameter

approximating that of the vessel just distal to the stenosis.
■ Do not manipulate the inserted IN.PACT Admiral without sufficient

fluoroscopy.
■ Do not withdraw the IN.PACT Admiral from the lesion before completely

deflating the balloon under vacuum.
■ Do not expose the device to organic solvents, e.g. alcohol.
■ Do not manipulate the IN.PACT Admiral while the balloon is inflated. The

position of the balloon may only be changed with the guidewire in place.
■ If resistance occurs during manipulation, ascertain the cause via

fluoroscopy, road mapping, or digital subtraction angiography (DSA)
before moving the IN.PACT Admiral backward or forward.

■ Do not under any circumstance move the guidewire during inflation of the
IN.PACT Admiral.

■ Do not exceed the rated burst pressure (RBP). The RBP is based on the
results of in vitro testing. At least 99.9% of IN.PACT Admiral balloons (with
95% confidence) will not burst at or below their RBP. Use a pressure
monitoring device to prevent over pressurization. Use of pressures higher
than those specified on the product label may result in a ruptured balloon,
causing possible intimal damage and dissection.

■ Physicians using the IN.PACT Admiral should have thorough PTA training
and keep abreast of recent publications regarding PTA techniques.

■ Do not use air or any gaseous medium to inflate the balloon. Use only the
recommended inflation medium (equal parts contrast medium and saline
solution).

■ Do not use after the labeled Use By date.
■ Do not use with Lipiodol™ or Ethiodol™ contrast media (or other such

contrast media that incorporate components of these agents).

5. Precautions
■ Administer appropriate drug therapy (anticoagulant, vasodilator, etc.) to

the patient according to standard protocols for PTA before inserting the
IN.PACT Admiral.

■ To minimize the introduction of air, aspirate and flush the system and keep
a tight catheter connection throughout the procedure.

■ Take precautions to prevent or reduce clotting when any catheter is used.
Flush or rinse all products entering the vascular system with sterile
isotonic saline or a similar solution via the guidewire access port prior to
use. Consider the use of systemic heparinization.

■ Use with caution for procedures involving calcified lesions due to the
abrasive nature of these lesions.

■ Identify allergic reactions to contrast media, antiplatelet therapy, balloon
catheters, and FreePac coating before treatment.

■ Catheter applications vary. Select the technique on the basis of the
patient’s condition and the experience of the interventionalist.

■ Never advance the IN.PACT Admiral without the guidewire extending from
the tip.

■ Store at controlled room temperature in a dry place. Keep away from
sunlight.

■ Use a pressure-monitoring device to prevent overpressurization.
Caution: Larger sizes of the IN.PACT Admiral may exhibit slower deflation
times, particularly on long catheter shafts.

■ After use, this product may be a biohazard. Handle and dispose of all such
devices in accordance with accepted medical practice and applicable
hospital, administrative, and government regulations.

6. Potential Complications/Adverse Effects
Possible adverse events which may be associated with the use of the IN.PACT
Admiral may include, but are not limited to:
■ Abrupt vessel closure/thrombosis (acute total occlusion/reocclusion that

may require surgical intervention)
■ Access site pain, hematoma, hemorrhage, and/or local infection (bleeding

may require transfusions)
■ Allergic reaction to contrast medium, antiplatelet therapy, or catheter

system components
■ Aneurysm, pseudoaneurysm, or arteriovenous (AV) fistula
■ Arrhythmias
■ Balloon rupture
■ Death
■ Detachment of a component of the balloon and/or catheter system
■ Dissection, perforation, or rupture of the artery
■ Drug reactions
■ Endocarditis
■ Failure of the balloon to perform as intended (inflation/deflation/retrieval)
■ Failure to deliver the balloon as intended (may release drug into

unintended arterial segment)
■ Hypotension/hypertension
■ Ischemia/infarction of tissue/organ (severe ischemic events in treated limb

may require amputation)
■ Local or distal thromboembolic episodes
■ Pain and tenderness at puncture sites
■ Pyrogenic reaction
■ Renal insufficiency or failure
■ Restenosis of the dilated artery
■ Sepsis/infection
■ Short-term hemodynamic deterioration
■ Systemic embolization
■ Vessel spasms or recoil/prolonged arterial spasms
Potential adverse events not captured above, that may be unique to the
paclitaxel drug coating include, but are not limited to:
■ Allergic/immunologic reaction
■ Alopecia
■ Anemia
■ Blood product transfusion
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IN.PACT™ Admiral™
Paclitaxel-eluting PTA Balloon Catheter
1. Description
The IN.PACT™ Admiral™ is a paclitaxel-eluting, over-the-wire (OTW)
peripheral balloon catheter manufactured by Medtronic, Inc. The FreePac™
drug coating on the balloon of the IN.PACT Admiral consists of the drug
paclitaxel and the excipient urea. The balloon catheter physically dilates the
vessel lumen by percutaneous transluminal angioplasty, and the drug coating
is intended to reduce the proliferative response that is associated with
restenosis. Paclitaxel stabilizes microtubules to reduce cell proliferation.
The IN.PACT Admiral has a dual-lumen shaft. This shaft branches into two
tubes at the proximal end; one tube forms the entrance to the central lumen
for the guidewire, while the other tube serves as the passage for the mixture
of contrast medium and saline solution that inflates and deflates the balloon.
The catheter construction and the balloon material are designed to reach
targeted balloon diameters, which will vary depending on the balloon size and
defined pressure. The length of each balloon is specified. Two radiopaque
platinum-iridium markers indicate the working length of the balloon to aid in
positioning the balloon across the target lesion during fluoroscopy. Maximum
guidewire diameter is 0.035 in (0.89 mm).
The IN.PACT Admiral is available in an assortment of balloon sizes. Nominal
balloon diameter and lengths are printed on the hub. The IN.PACT Admiral
does not contain natural rubber latex; however, during the manufacturing
process, it may have incidental contact with latex.

2. Indications
The IN.PACT Admiral is indicated for percutaneous transluminal angioplasty
(PTA) in patients with obstructive disease of peripheral arteries.

3. Contraindications
IN.PACT Admiral is contraindicated for use in:
■ Coronary arteries and supra-aortic/cerebrovascular arteries
■ Lesions that cannot be crossed with a guidewire
■ Pregnant or breast-feeding women
■ Patients with known allergies or hypersensitivities to paclitaxel

4. Warnings
■ This device is intended for single use only. DO NOT RESTERILIZE

AND/OR REUSE. The drug coated surface is effective for a single use
only. Reuse or resterilization may create a risk of contamination of the
device and/or cause patient infection or cross-infection, including the
transmission of infectious disease(s) from one patient to another.
Contamination of the device may lead to injury, illness, or death of the
patient. Reuse or resterilization may compromise the structural integrity
of the device and/or lead to device failure which may result in patient injury,
illness, and death. Medtronic, Inc. is not responsible for any direct,
incidental, or consequential damages resulting from resterilization or
reuse.

■ Inspect the IN.PACT Admiral prior to the procedure to verify that the
product is intact and functional. Do not use if the outer or the inner
packaging is damaged or opened.

■ Never apply positive pressure to the balloon during preparation.
■ To reduce the potential for vessel damage, inflate the balloon to a diameter

approximating that of the vessel just distal to the stenosis.
■ Do not manipulate the inserted IN.PACT Admiral without sufficient

fluoroscopy.
■ Do not withdraw the IN.PACT Admiral from the lesion before completely

deflating the balloon under vacuum.
■ Do not expose the device to organic solvents, e.g. alcohol.
■ Do not manipulate the IN.PACT Admiral while the balloon is inflated. The

position of the balloon may only be changed with the guidewire in place.
■ If resistance occurs during manipulation, ascertain the cause via

fluoroscopy, road mapping, or digital subtraction angiography (DSA)
before moving the IN.PACT Admiral backward or forward.

■ Do not under any circumstance move the guidewire during inflation of the
IN.PACT Admiral.

■ Do not exceed the rated burst pressure (RBP). The RBP is based on the
results of in vitro testing. At least 99.9% of IN.PACT Admiral balloons (with
95% confidence) will not burst at or below their RBP. Use a pressure
monitoring device to prevent over pressurization. Use of pressures higher
than those specified on the product label may result in a ruptured balloon,
causing possible intimal damage and dissection.

■ Physicians using the IN.PACT Admiral should have thorough PTA training
and keep abreast of recent publications regarding PTA techniques.

■ Do not use air or any gaseous medium to inflate the balloon. Use only the
recommended inflation medium (equal parts contrast medium and saline
solution).

■ Do not use after the labeled Use By date.
■ Do not use with Lipiodol™ or Ethiodol™ contrast media (or other such

contrast media that incorporate components of these agents).

5. Precautions
■ Administer appropriate drug therapy (anticoagulant, vasodilator, etc.) to

the patient according to standard protocols for PTA before inserting the
IN.PACT Admiral.

■ To minimize the introduction of air, aspirate and flush the system and keep
a tight catheter connection throughout the procedure.

■ Take precautions to prevent or reduce clotting when any catheter is used.
Flush or rinse all products entering the vascular system with sterile
isotonic saline or a similar solution via the guidewire access port prior to
use. Consider the use of systemic heparinization.

■ Use with caution for procedures involving calcified lesions due to the
abrasive nature of these lesions.

■ Identify allergic reactions to contrast media, antiplatelet therapy, balloon
catheters, and FreePac coating before treatment.

■ Catheter applications vary. Select the technique on the basis of the
patient’s condition and the experience of the interventionalist.

■ Never advance the IN.PACT Admiral without the guidewire extending from
the tip.

■ Store at controlled room temperature in a dry place. Keep away from
sunlight.

■ Use a pressure-monitoring device to prevent overpressurization.
Caution: Larger sizes of the IN.PACT Admiral may exhibit slower deflation
times, particularly on long catheter shafts.

■ After use, this product may be a biohazard. Handle and dispose of all such
devices in accordance with accepted medical practice and applicable
hospital, administrative, and government regulations.

6. Potential Complications/Adverse Effects
Possible adverse events which may be associated with the use of the IN.PACT
Admiral may include, but are not limited to:
■ Abrupt vessel closure/thrombosis (acute total occlusion/reocclusion that

may require surgical intervention)
■ Access site pain, hematoma, hemorrhage, and/or local infection (bleeding

may require transfusions)
■ Allergic reaction to contrast medium, antiplatelet therapy, or catheter

system components
■ Aneurysm, pseudoaneurysm, or arteriovenous (AV) fistula
■ Arrhythmias
■ Balloon rupture
■ Death
■ Detachment of a component of the balloon and/or catheter system
■ Dissection, perforation, or rupture of the artery
■ Drug reactions
■ Endocarditis
■ Failure of the balloon to perform as intended (inflation/deflation/retrieval)
■ Failure to deliver the balloon as intended (may release drug into

unintended arterial segment)
■ Hypotension/hypertension
■ Ischemia/infarction of tissue/organ (severe ischemic events in treated limb

may require amputation)
■ Local or distal thromboembolic episodes
■ Pain and tenderness at puncture sites
■ Pyrogenic reaction
■ Renal insufficiency or failure
■ Restenosis of the dilated artery
■ Sepsis/infection
■ Short-term hemodynamic deterioration
■ Systemic embolization
■ Vessel spasms or recoil/prolonged arterial spasms
Potential adverse events not captured above, that may be unique to the
paclitaxel drug coating include, but are not limited to:
■ Allergic/immunologic reaction
■ Alopecia
■ Anemia
■ Blood product transfusion

Caution: The IN.PACT Admiral is an investigational device in the united States. limited by united States law to investigational use. This content is 
intended only for markets where the products mentioned are approved. 

Instructions for use
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