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Abstract
Purpose of Review Drug-coated balloons (DEB) and drug-eluting stents (DES) emerged as a tool to aid in lowering the rates of
neointimal hyperplasia and target lesion restenosis following endovascular peripheral arterial disease (PAD) interventions.
Recent Findings Although the initial trials comparing these devices with non-drug balloons and stents showed favorable results,
more recent data raised concerns regarding the mid to long-term safety of these devices.
Summary In this review, we will discuss the evolution of endovascular therapy for PAD, with highlights regarding the recent
debates on the long-term safety of the drug-coated devices for treatment of PAD.
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Introduction

Peripheral artery disease (PAD) is an atherosclerotic process
predominantly affecting the lower limbs and is associatedwith
significant morbidity and mortality. Ten percent of the world-
wide population and approximately eight million US popula-
tion are affected by PAD [1, 2]. Prevalence of PAD increases
dramatically with age and is higher in black ethnicity;

however, men and women are equally affected [2, 3].
Diabetes mellitus and cigarette smoking are the most substan-
tial risk factors for PAD, followed by other conventional risk
factors. Revascularization is considered in patients with
lifestyle-limiting claudication despite guideline-directed med-
ical and exercise therapy and as a mainstay therapy in critical
limb ischemia. For patients with claudication, endovascular
therapies are considered the first line, reserving surgery for
patients with arterial anatomy not favorable to percutaneous
approach provided the patient has an acceptable perioperative
risk. Femoropopliteal arteries are the most common site of
involvement of PAD. However, treatment of femoropopliteal
lesions is challenging due to its complex anatomy (multilevel
stenosis and complex calcified lesions) and high rate of neo-
intimal hyperplasia leading to high risk for restenosis. This led
to the development of newer devices and techniques aimed to
lower the risk of restenosis in these patients such as drug-
eluting stents and drug-coated balloons.

Evolution of Endovascular Therapy for PAD

Endovascular revascularization for PAD has rapidly expanded
over the past few decades and is currently performed more
often than surgical revascularization. It is associated with low-
er in-hospital mortality, morbidity, length of stay, and cost
compared with surgical intervention; however, restenosis
and suboptimal long-term patency have been the limiting
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factors. Evolution of device technology and techniques over
the past 20 years expanded its use in complex vascular cases
with optimal long-term patency [4]. Endovascular techniques
include percutaneous transluminal angioplasty (PTA), bare
metal stents, drug-eluting devices (drug-eluting stents (DES)
and drug-coated balloon (DCB)), and atherectomy [5, 6].

Standard PTA was the first generation of an endovascular
intervention invented to treat PDA. It is performed by intro-
ducing a balloon-tipped catheter into the target vessel and
inflating a balloon at the lesion site and compressing the ath-
eromatous plague towards the vessel wall. It immediately re-
stores the blood flow and can be used in longer lesions and
patients with diffuse disease. However, early vessel recoil,
residual stenosis, arterial dissection, reduced long-term paten-
cy, with a restenosis rate of 50% at 1 year, and the need for
repeated target vessel revascularization became a major draw-
back for PTA.

Self-expanding BMS then evolved to improve vessel
patency. This technique involves introducing the nitinol
stent over a guidewire and then retracting the sheath to
deploy the stent at the target lesion, which then expands
and compresses the atherosclerotic lesion towards the ves-
sel wall. In addition to immediately opening the vascular
obstruction, the stent acts as a scaffold to keep the lumen
open and prevent early vessel recoil and restenosis.
Although BMS showed high acute procedural success rate
and mid-term patency compared with PTA, randomized
controlled trials and meta-analysis failed to show a signif-
icant reduction in long-term clinical benefit with first gen-
eration BMS compared with PTA [7–13]. Randomized
trials on newer generation nitinol stents, however, showed
conflicting results on long-term patency [14–17].

Restenosis is the major problem with both PTA and BMS.
Immediate vessel recoil after stretch injury and adverse arterial
remodeling were the leading causes of restenosis in plain bal-
loon angioplasty, which can be eliminated by placing a stent,
yet neointimal hyperplasia is still a major issue with BMS.
Acute vascular barotrauma and endothelial injury following
angioplasty and constant chronic irritation by BMS trigger the
release of pro-inflammatory mediators initiating neointimal
hyperplasia. It occurs more frequently in femoropopliteal ar-
teries, long segment lesions, and when multiple stents placed.
Drug-eluting devices were then developed to reduce the lim-
iting neointimal hyperplasia [18].

Drug-Coated Devices for Femoropopliteal Disease

Drug-Coated Balloon

DCBs are similar to PTA with the addition of a drug-coat
on the device surface. It has three main components: the
balloon, the anti-proliferative drug coating, and the excip-
ient, which helps to hold the drug to the vessel wall. The

drug released by the balloon inhibits the neointimial hy-
perplasia and thereby improve its long-term patency and
reduced the need for repeat revascularization. Following
several RCTs evaluating various agents to inhibit neointi-
mal proliferation, paclitaxel emerged as a potent agent for
infra-inguinal PAD due to its high lipophilic properties
and resistance to oxidation in addition to its cytotoxic
property [19, 20] (Table 1).

Several RCTs investigated the effectiveness and safety of
DCBs over PTA. The THUNDER (Local Taxan With Short
Time Contact for Reduction of Restenosis in Distal Arteries)
trial compared a paclitaxel-coated balloon (PCB) with PTA
and reported a significant reduction in the binary restenosis
at 6 months, late lumen loss at 1 year, and target lesion revas-
cularization (TLR) at 5 years. These results were supported by
subsequent studies, i.e., the PACIFIER (Paclitaxel-coated
Balloons in Femoral Indication to Defeat Restenosis) [21],
DEBELLUM (Drug-Eluting Balloon Evaluation for Lower
Limb Multilevel Treatment) [22], LEVANT II (Moxy Drug
Coated Balloon vs. Standard Balloon Angioplasty for the
Treatment of Femoropopliteal Arteries) [23], BIOLUX P-1
(BIOTRONIK’S-First in Man study of the Passeo-18 LUX
drug releasing PTA Balloon Catheter vs. the uncoated
Passeo-18 PTA balloon catheter in subjects requiring revascu-
larization of infrapopliteal arteries) [24], AcoArt1 (Acotec
Drug-Coated Balloon Catheter: Randomized, Multicenter,
Controlled Clinical Study in Femoropopliteal Arteries) [25],
IN.PACT SFA (IN.PACTAdmiral® Drug Coated Balloon vs
Standard PTA for the Treatment of SFA and Proximal
Popliteal Arterial Disease) [26], and ILLUMENATE (Pivotal
Trial of a Novel Paclitaxel-Coated Percutaneous Angioplasty
Balloon) trials [27].

However, comparison of patient-centric metrics showed
inconsistent results. LEVANT II trial (Lutonix DCB vs.
PTA) showed significant improvement in the quality of life
(QOL) and maximum walking distance score at 12 months
whereas ILLUMENATE trial (Stellarex DCB vs. PTA) and
IN.PACT trial (Medtronic Admiral DCB vs. PTA) did not
show any significant difference in QOL, maximum walking
distance, or 6-min walk test. On the other side, the DEBATE
SFA trial (DCB + BMS vs. PTA + BMS) showed a significant
reduction in binary restenosis and TLR in the DCB arm at
12 months.

The IN.PACT SFA trial, the largest DCB trial to date, com-
pared the long-term durability of the Medtronic Admiral DCB
with PTA and showed significantly higher primary patency
and lower TLR at 3 years. Primary safety composite endpoint
of freedom from 30-day device- and procedure-related deaths
and target limb major amputation and clinically driven-TLR
within 24 months was lower in the DCB compared with PTA.
Although all-cause mortality was higher in DCB compared
with PTA (8.1% vs. 0.9%; p = 0.008), there were no device-
or procedure-related deaths.
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Drug-Eluting Stents

Drug-eluting stents consist of a nitinol bare metal stent coated
with an anti-proliferative drug that is slowly released locally and
prevent neointimal proliferation [28]. The first DES was the
Zilver-PTX, which releases paclitaxel from a polymer-free scaf-
fold within 72 h of placement. Once delivered to the vessel wall,
paclitaxel remains the arterial wall for up to 56 days. It inhibits
cell growth and reduced in-stent restenosis. Approximately
1month after the stent insertion, endothelialization over the stent
occurs and thus reduces the risk of clot formation. Zilver-PTX
trial showed improved event-free survival, patency, and clinical
benefit of DES over PTA sustained through 5 years (> 40%
relative risk reduction of restenosis and TLR at 5 years).

The Eluvia stent, which has a polymer-coated paclitaxel
scaffold, allows a sustained drug release beyond 1 year. It uses
the lowest paclitaxel dose density among all drug-eluting de-
vices (0.167 vs. 3 μg/mm2 in Zilver PTX). Endothelialization
for Eluvial stent takes longer and occurs 90 days post-implant.

The recent Imperial trial which compared polymer-coated
paclitaxel-eluting Eluvia stent with polymer-free paclitaxel-
coated Zilver PTX stent showed non-inferiority of Eluvia for
primary patency at 1 year (86.8% with Eluvia and 81.5% with
Zilver PTX) and superiority in a prespecified, post hoc analy-
sis leading to recent FDA approval.

Drug-Coated Balloons Versus Drug-Eluting Stents

DES are relatively contraindicated for treatment of highly mo-
bile distal femoropopliteal segments or anatomically difficult
sites (e.g., across the knee joint); however, DCBs are able to
be used for these lesions. DCBs release the drug without a
stent and thus less continued damage of the endothelium will
possibly reduce the restenosis and thrombosis rate. However,
due to no scaffold left at the lesion site, DCBs have a concern
of vessel recoil and residual vessel dissection. Also, the ma-
jority of the drug released by the DCBs does not reach the
target lesion due to loss during transit, balloon inflation, as
well as some amount, remains in the deflated balloon; thus,
delivering only < 30% of the drug to the treated site.

A recent trial published by Bausback et al., comparing
primary DES implantation or DCB angioplasty with bail-
out stenting, showed a similar rate of primary patency at
12 months (79% DES vs. 80% DCB p = 0.96), but

slightly better results in 36 months (54% DES vs 38%
DCB, p = 0.17) [29].

Safety Concern of Drug-Coated Balloons

Katsanos et al. published a recent meta-analysis in December
2018, which raised safety concerns regarding paclitaxel-
coated femoropopliteal devices [30••]. The reported results
of an increased risk of long-term mortality created a major
debate. Twelve different paclitaxel-coated devices for
femoropopliteal arteries were investigated. Twenty-eight trials
were included, four trials with paclitaxel DES and 24 trials
with different paclitaxel DCB devices comparing either PTA
or BMS or PTA + BMS. The study showed no significant
difference between the paclitaxel-eluting arm and the control
arm in 1-year all-cause mortality. However, 2-year and 5-year
all-cause mortality were significantly increased in the pacli-
taxel arm, relative risks of 1.68 and 1.93, respectively.
Although the finding of this study was alarming, several lim-
itations were obvious. For example, less than half the included
trials had data for 2 years, and only 3 RCTs had data up to 5-
year follow-up. Also, the cause of death was not reported.
Intention to treat analysis was not used and did not consider
attrition during survival analysis. Those limitations augment-
ed the limitations of individual studies that were not powered
to assess mortality.

In response to the safety concerns of drug-coated
femoropopliteal devices, the BASIL-3 (BAlloon versus
Stenting in severe Ischaemia of the Leg-3) and SWEDEPAD
(Swedish Drug-elution Trial in Peripheral Arterial Disease)
trials of paclitaxel-coated devices temporarily halted their pa-
tient enrollment. In addition, SWEDEPAD trial interim results
showed possible adverse signal although these findings have
not been published [31, 32].

On January 17, 2019, the United States Food and Drug
Administration issued a letter to all providers informing about
safety concern of paclitaxel-coated devices and recommended
continued survivance and encouraged reporting of adverse
events until further evaluation. The Food and Drug
Administration stated that the benefits continue to outweigh
the risks when used as indicated by guidelines [33]. On
March 15, 2019, the Food and Drug Administration issued
another letter updating on the preliminary analysis of long-
term follow-up data showing a signal towards increase

Table 1 Paclitaxel-coated drug-coated devices available in the USA

Device name Manufacturer Paclitaxel dose (μg/mm2) Excipient

IN.PACTAdmiral Medtronic, Minneapolis, MN, USA 3.5 Urea excipient

Lutonix C.R. Bard, Murray Hill, NJ, USA 2.0 Polysorbate/sorbitol excipient

Stellarex Spectranetics, Colorado Springs, CO, USA 2.0 Novel excipient and polyethylene glycol
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mortality. Three of the five studies (975 subjects) with 5-year
follow-up data showed approximately 50% increased risk of
mortality in with paclitaxel-coated devices (20.1% versus
13.4% crude risk of death at 5 years) [34]. The Food and
Drug Administration recommended alternative treatment op-
tions for most patients until additional analysis of the safety
signal has been performed [34].

New Paclitaxel Safety data were presented at the
Leipzig Interventional Course (LINC) in January 2019
and updated data presented at the Vascular Leaders
Forum in March 2019 that mostly contradicted with the
recent concerns and highlighted disparities based on pa-
tient follow-up, which lead to more need for further
patient-level rather than summary-level evidence
[35–38]. The Society for Vascular Surgery established a
Task Force on Paclitaxel Safety to evaluate all available
data related to paclitaxel use in patients with PAD [39].
Following this, two major trials, IMPACT global and
Zilver PTX, released corrections to their previously pub-
lished data [40, 41]. In February 2019, Medtronic issued a
press release stating that a data programming error was
made in the IN.PACT Global post-market study as an
unspecified number of patient deaths was inadvertently
omitted from the analysis [40]. After correcting the error,
5-year mortality rates in the study remained comparable.
All-cause mortality between DCB and PTA was 13.2%
versus 11%, p value = 0.19 [42•]. The original paper of
the 5-year Zilver PTX trial comparing DES with PTA
was published in 2016 and reported 5-year mortality rates
of 10.2% with DES and 16.9% with PTA, p value = 0.03
[43]. A correction to this publication was issued in
February 2019, stating that the numbers for the two
groups were inadvertently reversed and the final results
should read as “The 5-year all-cause mortality rate was
13.6% (16.9% for the primary DES group and 10.2%
for the PTA group, P=0.03), and no deaths were adjudi-
cated as procedure or device related.” [41]. The 5-year
post-market study on Zilver PTX, n = 904, showed posi-
tive long-term safety and effectiveness in challenging
real-world patients with complex lesions. A separate anal-
ysis comparing the Japanese Post-Market Studies on
Zilver PTX and BMS showed no significant difference
in mortality, same mortality rate of 5.1% per year for
PTX and BMS, p value = 0.92 [44].

Another study, a large nationwide analysis on 16,560
Medicare and Medicaid Services beneficiaries, comparing
drug-coated devices with non-drug-coated devices, showed
no significant difference in all-cause mortality at 600 days
after multivariable adjustment [45].

In May 2019, Schneider et al. reported results of an inde-
pendent, individual patient-level meta-analysis of 4 studies
evaluating the correlation between paclitaxel exposure and
mortality comparing 1837 DCB cases, IN.PACT Admiral

paclitaxel DCB, with 143 uncoated PTA controls. There was
no statistically significant difference in all-cause mortality be-
tween DCB and PTA through 5 years (9.3% vs. 11.2%; p =
0.399) was seen. All deaths were adjudicated, and none was
related to the device. No significant differences were observed
between groups based on the dose of paclitaxel exposure with
survival rates of 85.8%, 84.2%, and 88.2% in low, middle, and
high exposure groups (p value = 0.731) [46] (Table 2).

Many underlying reasons may potentially suggest a corre-
lation of high mortality with paclitaxel-eluting devices for
peripheral vascular disease, yet, it seems unlikely as paclitaxel
has been used for numerous other indications with extensively
documented survival data without much evidence to support a
causal relationship. When paclitaxel-eluting devices were first
used for cardiovascular interventions, the early generation
DES for coronary revascularization had a very high paclitaxel
dose and were associated with a higher rate of stent thrombo-
sis and myocardial infarction [47]. However, newer genera-
tions, with lower doses of paclitaxel, outperformed bare metal
stents and older generations of DES with no increase in myo-
cardial infarction, or long-term mortality yet a small increase
in the risk of late stent stenosis was documented [48, 49].
Given the evidence suggesting that lower dose paclitaxel
DES were safe for coronary revascularization and given the
wide range of extensive oncological evidence without clear
causal relationship, it seems unlikely that paclitaxel-coated
devices directly increase long-term mortality [50, 51].
Whether late stent stenosis or systemic absorption plays any
role in the suspected long mortality is still debatable and fur-
ther research is warranted to better understand the long-term
mortality.

Conclusions

Data regarding safety of drug-eluting devices for treat-
ment of PAD appears to be rather unclear. The exact rea-
sons for the possible increased mortality with paclitaxel-
eluting devices are not fully understood. The corrections
that occurred to the major trials evaluating these devices
raise concerns regarding the validity and integrity of their
results. Thus, larger post-marketing studies evaluating the
safety of paclitaxel-eluting PAD devices are mandatory to
exclude or confirm their safety.

Compliance with Ethical Standards

Conflict of Interest Mohamed M. Gad, Antonette K. Karrthik, Ahmad
A Mahmoud, and Ahmed N. Mahmoud declare no conflict of interest.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

Curr Cardiol Rep (2019) 21: 126126 Page 6 of 8



References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. Roger VL, Go AS, Lloyd-Jones DM, Adams RJ, Berry JD, Brown
TM, et al. Heart disease and stroke statistics–2011 update: a report
from the American Heart Association. Circulation. 2011;123(4):
e18–e209.

2. Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA,
Fowkes FG. Inter-society consensus for the management of periph-
eral arterial disease (TASC II). J Vasc Surg. 2007;45 Suppl S:S5–
67.

3. Allison MA, Ho E, Denenberg JO, Langer RD, Newman AB,
Fabsitz RR, et al. Ethnic-specific prevalence of peripheral arterial
disease in the United States. Am J Prev Med. 2007;32(4):328–33.

4. Doshi R, Changal KH, Gupta R, Shah J, Patel K, Desai R, et al.
Comparison of outcomes and cost of endovascular management
versus surgical bypass for the management of lower extremities
peripheral arterial disease. Am J Cardiol. 2018;122(10):1790–6.

5. Hoppe H, Kaufman JA. CHAPTER 16 - Radiologic intervention in
diabetic peripheral vascular disease. In: Bowker JH, Pfeifer MA,
editors. Levin and O’Neal’s the diabetic foot. Seventh ed.
Philadelphia: Mosby; 2008. p. 329–37.

6. Gray BH. Chapter 9b - Endovascular treatment of lower extremity
arterial occlusive disease: femoropopliteal and tibial interventions.
In: Hallett JW, Mills JL, Earnshaw JJ, Reekers JA, Rooke TW,
editors. Comprehensive vascular and endovascular surgery.
Second ed. Philadelphia: Mosby; 2009. p. 151–75.

7. Lugmayr HF, Holzer H, Kastner M, Riedelsberger H, Auterith A.
Treatment of complex arteriosclerotic lesions with nitinol stents in
the superficial femoral and popliteal arteries: a midterm follow-up.
Radiology. 2002;222(1):37–43.

8. Schillinger M, Sabeti S, Loewe C, Dick P, Amighi J, Mlekusch W,
et al. Balloon angioplasty versus implantation of nitinol stents in the
superficial femoral artery. N Engl J Med. 2006;354(18):1879–88.

9. Sabeti S, Schillinger M, Amighi J, Sherif C, Mlekusch W, Ahmadi
R, et al. Primary patency of femoropopliteal arteries treated with
nitinol versus stainless steel self-expanding stents: propensity
score-adjusted analysis. Radiology. 2004;232(2):516–21.

10. Cejna M, Thurnher S, Illiasch H, Horvath W, Waldenberger P,
Hornik K, et al. PTA versus Palmaz stent placement in
femoropopliteal artery obstructions: a multicenter prospective ran-
domized study. J Vasc Interv Radiol. 2001;12(1):23–31.

11. Grimm J, Muller-Hulsbeck S, Jahnke T, Hilbert C, Brossmann J,
Heller M. Randomized study to compare PTA alone versus PTA
with Palmaz stent placement for femoropopliteal lesions. J Vasc
Interv Radiol. 2001;12(8):935–42.

12. Becquemin JP, Favre JP, Marzelle J, Nemoz C, Corsin C,
Leizorovicz A. Systematic versus selective stent placement after
superficial femoral artery balloon angioplasty: a multicenter pro-
spective randomized study. J Vasc Surg. 2003;37(3):487–94.

13. Vroegindeweij D, Vos LD, Tielbeek AV, Buth J, vd Bosch HC.
Balloon angioplasty combined with primary stenting versus balloon
angioplasty alone in femoropopliteal obstructions: a comparative
randomized study. Cardiovasc Intervent Radiol. 1997;20(6):420–5.

14. Laird JR, Katzen BT, Scheinert D, Lammer J, Carpenter J,
Buchbinder M, et al. Nitinol stent implantation vs. balloon angio-
plasty for lesions in the superficial femoral and proximal popliteal
arteries of patients with claudication: three-year follow-up from the
RESILIENT randomized trial. J Endovasc Ther. 2012;19(1):1–9.

15. Schillinger M, Sabeti S, Dick P, Amighi J, Mlekusch W, Schlager
O, et al. Sustained benefit at 2 years of primary femoropopliteal
stenting compared with balloon angioplasty with optional stenting.
Circulation. 2007;115(21):2745–9.

16. Back MR. Commentary. Sustained benefit at 2 years of primary
femoropopliteal stenting compared with balloon angioplasty with
optional stenting. Perspect Vasc Surg Endovasc Ther. 2008;20(2):
228–30.

17. Schillinger M, Sabeti S, Dick P, Amighi J, Mlekusch W, Schlager
O, et al. Response to letter regarding article, “sustained benefit at 2
years of primary femoropopliteal stenting compared with balloon
angioplasty with optional stenting”. Circulation. 2007;116(21):
e546–e.

18. Kruger D. Neo-intimal hyperplasia, diabetes and endovascular in-
jury. Cardiovasc J Afr. 2012;23(9):507–11.

19. Dake MD, Scheinert D, Tepe G, Tessarek J, Fanelli F, Bosiers M,
et al. Nitinol stents with polymer-free paclitaxel coating for lesions
in the superficial femoral and popliteal arteries above the knee:
twelve-month safety and effectiveness results from the Zilver
PTX single-arm clinical study. J Endovasc Ther. 2011;18(5):613–
23.

20. Htay T, Liu MW. Drug-eluting stent: a review and update. Vasc
Health Risk Manag. 2005;1(4):263–76.

21. Werk M, Albrecht T, Meyer DR, Ahmed MN, Behne A, Dietz U,
et al. Paclitaxel-coated balloons reduce restenosis after femoro-
popliteal angioplasty: evidence from the randomized PACIFIER
trial. Circ Cardiovasc Interv. 2012;5(6):831–40.

22. Fanelli F, Cannavale A, CoronaM, Lucatelli P, Wlderk A, Salvatori
FM. The “DEBELLUM”–lower limb multilevel treatment with
drug eluting balloon–randomized trial: 1-year results. J
Cardiovasc Surg. 2014;55(2):207–16.

23. Rosenfield K, Jaff MR, White CJ, Rocha-Singh K, Mena-Hurtado
C, Metzger DC, et al. Trial of a paclitaxel-coated balloon for
femoropopliteal artery disease. N Engl JMed. 2015;373(2):145–53.

24. Scheinert D, Schulte KL, Zeller T, Lammer J, Tepe G. Paclitaxel-
releasing balloon in femoropopliteal lesions using a BTHC excipi-
ent: twelve-month results from the BIOLUX P-I randomized trial. J
Endovasc Ther. 2015;22(1):14–21.

25. Jia X, Zhang J, Zhuang B, FuW,WuD,Wang F, et al. Acotec drug-
coated balloon catheter: randomized, multicenter, controlled clini-
cal study in femoropopliteal arteries: evidence from the AcoArt I
trial. JACC Cardiovasc Interv. 2016;9(18):1941–9.

26. Schneider PA, Laird JR, Tepe G, Brodmann M, Zeller T, Scheinert
D, et al. Treatment effect of drug-coated balloons is durable to 3
years in the femoropopliteal arteries: long-term results of the
IN.PACT SFA randomized trial. Circ Cardiovasc Interv.
2018;11(1):e005891.

27. BrodmannM,Werner M,Meyer DR, Reimer P, Kruger K, Granada
JF, et al. Sustainable antirestenosis effect with a low-dose drug-
coated balloon: the ILLUMENATE European randomized clinical
trial 2-year results. JACCCardiovasc Interv. 2018;11(23):2357–64.

28. Lindquist J, Schramm K. Drug-eluting balloons and drug-eluting
stents in the treatment of peripheral vascular disease. Semin Interv
Radiol. 2018;35(5):443–52.

29. Bausback Y, Wittig T, Schmidt A, Zeller T, Bosiers M, Peeters P,
et al. Drug-eluting stent versus drug-coated balloon revasculariza-
tion in patients with femoropopliteal arterial disease. J Am Coll
Cardiol. 2019;73(6):667–79.

30••. . Katsanos K, Spiliopoulos S, Kitrou P, Krokidis M, Karnabatidis
D. Risk of death following application of paclitaxel-coated bal-
loons and stents in the femoropopliteal srtery of the leg: a system-
atic review and meta-analysis of randomized controlled trials. J
Am Heart Assoc. 2018;7(24):e011245 Findings from the meta-
analysis published by Katsanos et al. suggested an increased
mortality risk associated with paclitaxel-coated devices and
highlighted the lack of long-term follow-up data.

Curr Cardiol Rep (2019) 21: 126 Page 7 of 8 126



31. Hunt BD, Popplewell MA, Davies H, Meecham L, Jarrett H, Bate
G, et al. BAlloon versus stenting in severe ischaemia of the Leg-3
(BASIL-3): study protocol for a randomised controlled trial. Trials.
2017;18(1):224.

32. Swedish Drug-elution Trial in Peripheral Arterial Disease
(SWEDEPAD) [06/01/2019]. Available from: https://clinicaltrials.
gov/ct2/show/NCT02051088. Accessed 8 June 2019.

33. (FDA) USFaDA. Treatment of peripheral arterial disease with
paclitaxel-coated balloons and paclitaxel-eluting stents potentially
associated with increased mortality - letter to health care providers
2019 [Available from: https://www.fda.gov/medical-devices/
letters-health-care-providers/treatment-peripheral-arterial-disease-
paclitaxel-coated-balloons-and-paclitaxel-eluting-stents. Accessed
8 June 2019.

34. (FDA)USFaDA. UPDATE: Treatment of peripheral arterial disease
with paclitaxel-coated balloons and paclitaxel-eluting stents poten-
tially associated with increased mortality - letter to health care pro-
viders 2019 [Available from: https://www.fda.gov/medical-devices/
letters-health-care-providers/update-treatment-peripheral-arterial-
disease-paclitaxel-coated-balloons-and-paclitaxel-eluting.
Accessed 8 June 2019.

35. Granada J. Toxicological aspects and safety profile of paclitaxel
[Internet]. Linc2019.cncptdlx.com. 2019 [cited 9 June 2019].
Available from: https://linc2019.cncptdlx.com/media/1116_Juan_
Fernando_Granada_Solis_22_01_2019_Room_1_-_Main_Arena_
1_v1.pdf [. Accessed 8 June 2019.

36. Schneider P. DCBs over the long-term: are they safe for our PAD
patients? Insights from IN.PACTTM DCB program [Internet].
Linc2019.cncptdlx.com. 2019 [cited 9 June 2019]. Available
from: https://linc2019.cncptdlx.com/media/1128_Peter_
Schneider_22_01_2019_Room_1_-_Main_Arena_1.pdf.
Accessed 8 June 2019.

37. Dake M. Long-term safety information on paclitaxel eluting stents:
insights from the Zilver PTX programme [Internet]. Linc2019.
cncptdlx.com. 2019 [cited 9 June 2019]. Available from: https://
linc2019.cncptdlx.com/media/1143_Michael_Dake_22_01_2019_
Room_1_-_Main_Arena_1_v2.pdf [. Accessed 8 June 2019.

38. Drug elution in peripheral artery disease (PAD): a critical analysis
from a multispecialty consortium [Internet]. 2019 [cited 9
June 2019]. Available from: https://vivaphysicians.org/vlf.
Accessed 8 June 2019.

39. SVS announces new task force on paclitaxel safety | Society for
Vascular Surgery [Internet]. Vascular.org. 2019 [cited 9 June 2019].
Available from: https://vascular.org/news-advocacy/svs-
announces-new-task-force-paclitaxel-safety. Accessed 8 June 2019.

40. Physician and healthcare payer information | Medtronic [Internet].
Newsroom.medtronic.com. 2019 [cited 9 June 2019]. Available
from: http://newsroom.medtronic.com/phoenix.zhtml?c=
251324&p=irol-newsArticle&ID=2387744. Accessed 8 June 2019.

41. Dake M, Ansel G, Jaff M, Ohki T, Saxon R, Smouse H et al.
Correction to: Durable Clinical Effectiveness With Paclitaxel-
Eluting Stents in the Femoropopliteal Artery 5-Year Results of the
Zilver PTX Randomized Trial. Circulation. 2019;139(8). https://
doi.org/10.1161/CIR.0000000000000657.

42•. . Schneider PA, Laird JR, Doros G, Gao Q, Ansel G, BrodmannM,
et al. Correction mortality not correlated with paclitaxel exposure:
an independent patient-level meta-analysis of a drug-coated bal-
loon. Journal of the American College of Cardiology. 2019;73(20):
2643 Schneider et al. performed an independent, individual
patient-level meta-analysis that showed no statistically signifi-
cant increase in mortality risk conflicting with prior results
reported by Katsanos et al. and igniting further debate about
the safety of paclitaxel-coated devices.

43. Dake Michael D, Ansel Gary M, Jaff Michael R, Ohki T, Saxon
Richard R, Smouse HB, et al. Durable clinical effectiveness with
paclitaxel-eluting stents in the femoropopliteal artery. Circulation.
2016;133(15):1472–83.

44. Kichikawa K, Ichihashi S, Yokoi H, Ohki T, Nakamura M, Komori
K, et al. Zilver PTX post-market surveillance study of paclitaxel-
eluting stents for treating femoropopliteal artery disease in Japan: 2-
year results. Cardiovasc Intervent Radiol. 2019;42(3):358–64.

45. Secemsky EA, Kundi H, Weinberg I, Jaff MR, Krawisz A, Parikh
SA, et al. Association of durvival with femoropopliteal artery re-
vascularization with drug-coated devices. JAMA Cardiol. 2019.

46. Schneider PA, Laird JR, Doros G, Gao Q, Ansel G, Brodmann M,
et al. Mortality not correlated with paclitaxel exposure. J Am Coll
Cardiol. 2019;73(20):2550–63.

47. Grube E, Lansky A, Hauptmann K, Di Mario C, Di Sciascio G,
Colombo A et al. High-dose 7-hexanoyltaxol-eluting stent with
polymer sleeves for coronary revascularization. J Am Coll
Cardiol. 2004;44(7):1368–72.

48. Mauri L, Hsieh W, Massaro J, Ho K, D'Agostino R, Cutlip D. Stent
Thrombosis in Randomized Clinical Trials of Drug-Eluting Stents.
N Engl J Med. 2007;356(10):1020–29.

49. Stettler C, Wandel S, Allemann S, Kastrati A, Morice M, Schömig
A et al. Outcomes associated with drug-eluting and bare-metal
stents: a collaborative network meta-analysis. The Lancet.
2007;370(9591):937–48.

50. Hayes D, Thor A, Dressler L, Weaver D, Edgerton S, Cowan D et
al. HER2 and Response to Paclitaxel in Node-Positive Breast
Cancer. N Engl J Med. 2007;357(15):1496–506.

51. Perez EA, Suman VJ, Davidson NE, Sledge GW, Kaufman PA,
Hudis CA, et al. Cardiac safety analysis of doxorubicin and cyclo-
phosphamide followed by paclitaxel with or without trastuzumab in
the North Central Cancer Treatment Group N9831 adjuvant breast
cancer trial. J Clin Oncol. 2008;26(8):1231–8.

52. Tepe G, Laird J, Schneider P, Brodmann M, Krishnan P, Micari A,
et al. Drug-coated balloon versus standard percutaneous translumi-
nal angioplasty for the treatment of superficial femoral and popliteal
peripheral artery disease: 12-month results from the IN.PACT SFA
randomized trial. Circulation. 2015;131(5):495–502.

53. Laird John A, Schneider Peter A, Jaff Michael R, Brodmann M,
Zeller T, Metzger DC, et al. Long-term clinical effectiveness of a
drug-coated balloon for the treatment of femoropopliteal lesions.
Circ Cardiovasc Interv. 2019;12(6):e007702.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Curr Cardiol Rep (2019) 21: 126126 Page 8 of 8

https://clinicaltrials.gov/ct2/show/NCT02051088
https://clinicaltrials.gov/ct2/show/NCT02051088
https://www.fda.gov/medical-devices/letters-health-care-providers/treatment-peripheral-arterial-disease-paclitaxel-coated-balloons-and-paclitaxel-eluting-stents
https://www.fda.gov/medical-devices/letters-health-care-providers/treatment-peripheral-arterial-disease-paclitaxel-coated-balloons-and-paclitaxel-eluting-stents
https://www.fda.gov/medical-devices/letters-health-care-providers/treatment-peripheral-arterial-disease-paclitaxel-coated-balloons-and-paclitaxel-eluting-stents
https://www.fda.gov/medical-devices/letters-health-care-providers/update-treatment-peripheral-arterial-disease-paclitaxel-coated-balloons-and-paclitaxel-eluting
https://www.fda.gov/medical-devices/letters-health-care-providers/update-treatment-peripheral-arterial-disease-paclitaxel-coated-balloons-and-paclitaxel-eluting
https://www.fda.gov/medical-devices/letters-health-care-providers/update-treatment-peripheral-arterial-disease-paclitaxel-coated-balloons-and-paclitaxel-eluting
http://linc2019.cncptdlx.com
https://linc2019.cncptdlx.com/media/1116_Juan_Fernando_Granada_Solis_22_01_2019_Room_1_-_Main_Arena_1_v1.pdf
https://linc2019.cncptdlx.com/media/1116_Juan_Fernando_Granada_Solis_22_01_2019_Room_1_-_Main_Arena_1_v1.pdf
https://linc2019.cncptdlx.com/media/1116_Juan_Fernando_Granada_Solis_22_01_2019_Room_1_-_Main_Arena_1_v1.pdf
http://linc2019.cncptdlx.com
https://linc2019.cncptdlx.com/media/1128_Peter_Schneider_22_01_2019_Room_1_-_Main_Arena_1.pdf
https://linc2019.cncptdlx.com/media/1128_Peter_Schneider_22_01_2019_Room_1_-_Main_Arena_1.pdf
http://linc2019.cncptdlx.com
http://linc2019.cncptdlx.com
https://linc2019.cncptdlx.com/media/1143_Michael_Dake_22_01_2019_Room_1_-_Main_Arena_1_v2.pdf
https://linc2019.cncptdlx.com/media/1143_Michael_Dake_22_01_2019_Room_1_-_Main_Arena_1_v2.pdf
https://linc2019.cncptdlx.com/media/1143_Michael_Dake_22_01_2019_Room_1_-_Main_Arena_1_v2.pdf
https://vivaphysicians.org/vlf
http://vascular.org
https://vascular.org/news-advocacy/svs-announces-new-task-force-paclitaxel-safety
https://vascular.org/news-advocacy/svs-announces-new-task-force-paclitaxel-safety
http://newsroom.medtronic.com
http://newsroom.medtronic.com/phoenix.zhtml?c=251324&p=irol-newsArticle&ID=2387744
http://newsroom.medtronic.com/phoenix.zhtml?c=251324&p=irol-newsArticle&ID=2387744
https://doi.org/10.1161/CIR.0000000000000657
https://doi.org/10.1161/CIR.0000000000000657

	Is There a Safety Concern for Drug-Coated Balloons in Peripheral Arterial Disease?
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Evolution of Endovascular Therapy for PAD
	Drug-Coated Devices for Femoropopliteal Disease
	Drug-Coated Balloon
	Drug-Eluting Stents

	Drug-Coated Balloons Versus Drug-Eluting Stents
	Safety Concern of Drug-Coated Balloons

	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



