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DCB DES
Femoral-
popliteal

Paclitaxel: Lutonix, IN.PACT Stellarex,  
Ranger, Surveil, Chocolate Touch

Numerous CE mark approved devices.

Limus: in development

Paclitaxel: Zilver, Eluvia

DRS in development 

Limus: Sirocco, Strides, Stroll-failed trials

BTK Paclitaxel: Lutonix, IN.PACT, Biolux- failed 
trials, Stellarex stopped, Ranger stopped

Acotec in clinical trial, reformulated IN.PACT

Limus: MedAlliance, Concept, Surmodics in 
clinical trials

Paclitaxel: SAVAL (SES) trial failed, PADI (DES)
 
Limus: BE coronary DES (off label)

DRS: LIFE-BTK (approved), Reva, R3 (in clinical 
trials)

Under Development:
Drug Eluting Technology for Lower Extremity Revascularization
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UPDATE: Paclitaxel-Coated Devices to
Treat Peripheral Arterial Disease

Unlikely to Increase Risk of Mortality -
Letter to Health Care Providers

July 11, 2023

The U.S. Food and Drug Administration (FDA) is informing
health care providers about updated information associated
with paclitaxel-coated devices used to treat peripheral arterial
disease (PAD).

Based on the FDA's review of the totality of the available data
and analyses, we have determined that the data does not
support an excess mortality risk for paclitaxel-coated devices.
The FDA previously communicated about this topic in 2019 and
is now providing updated information.

Recommendations for Health Care
Providers

Discuss the risks and benefits of all available PAD
treatment options, including paclitaxel-coated devices,
with your patients.

Continue routine monitoring of patients treated with
paclitaxel-coated balloons and paclitaxel-eluting stents.

Ensure patients receive optimal medical therapy for PAD
and other cardiovascular risk factors as well as guidance
on healthy lifestyles including weight control, smoking
cessation, and exercise.

Report any adverse events or suspected adverse events to
the FDA.

July 11, 2023: FDA Update

Zeller et al. JACC 2014;64:1568lesion length). With a mean lesion length of 127 mm in
the DES group and 148 mm in the DEB group, 6-
month binary restenosis was 28% in the DES group
versus 58% in the DEB group (p ¼ 0.046) and TLR was
7.7% versus 13.6% (p ¼ 0.65), respectively (17).

What are potential reasons for the negative study
outcome?

1. In the BIOLUX P-II trial, PTA lesions were signifi-
cantly less calcified at baseline compared with DEB
lesions—a known predictor for reduced DEB effi-
cacy in PAD (18).

2. Difference in pre-dilation requirements and dila-
tion time might have biased outcomes, as this
might have caused additional trauma. Eventually,

FIGURE 3 Box Plots of Rutherford Classification at 6 Months Compared With Baseline

The ends of the boxes represent the first and third quartiles, the vertical line the median, the solid diamond the mean, and the end of the
whiskers the minimum and maximum. Open circles = the lowest Rutherford category at baseline. Abbreviations as in Figure 1.

FIGURE 2 Course of Target Lesion Revascularization and Patency Loss Per Kaplan-Meier Estimates

(A) Target lesion revascularization; (B) patency loss. Data are lesion based. Abbreviations as in Figure 1.
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IN.PACT DEEP

Paclitaxel BTK DCB vs POBA: Three Failed Trials

85.3% DCB
70.7% PTA
14.6%Δ (p =<0.001)

Geraghty P et al.
Presented at VEITH 2018

Lutonix BTK

CC C

Efficacy Endpoint

were respectively evaluable by the wound core lab.
Most qualifying angiogram losses were the result of
subject death, major amputation of the target limb,
subject withdrawal, or patient refusal of the
angiogram.

SUBGROUP AND MULTIVARIATE ANALYSIS. Rutherford
Category indicated no differences in the 6-month
primary safety endpoint, the 12-month major ampu-
tation or mortality. There were also no differences in
the primary efficacy endpoints (Table 6). Additional
post hoc subanalyses, including impact of interven-
tion on the wound related artery (direct vs. indirect)
or pedal loop status, did not reveal any beneficial
subgroups. By post hoc multivariate analysis,
confinement to bed with a hazard rate of 3.9 was the
only significant factor identified as affecting major
amputations within 1 year.

DISCUSSION

The IN.PACT DEEP trial is a randomized, indepen-
dently adjudicated post-market trial designed to
assess the efficacy and safety of IA-DEB within the CLI
population. The trial failed to meet its primary efficacy
endpoint of IA-DEB superiority compared to PTA. All
lesion-specific primary and secondary endpoints
showed insignificant differences between the 2 study
arms. Such similar angiographic results were com-
bined with a lower major amputation rate in the PTA
arm, despite significantly longer lesions and deeper
ulcers in the control arm. This observation further
confirms the lack of treatment effect of the study de-
vice in reducing restenosis and supports the hypoth-
esis of multiple concomitant factors in the complex
chain of CLI therapy, which may have contributed to
this difference in clinical outcome. Although the pri-
mary safety endpoint was statistically met through a
pre-specified noninferiority analysis, secondary safety
endpoints including major amputation rate, death,
amputations, and amputation-free survival trended
against the IA-DEB treatment arm. The observed
absence of efficacy superiority compared to PTA and
the safety signal resulted in the sponsor’s decision to
withdraw the IA-DEB device from the market.

CLI patients are at risk for restenosis and compli-
cations arising from progression of the atherosclerotic
process. The PTA arm had more favorable efficacy and
safety outcomes compared to historical trials; the
extraordinarily low 35% 12-month binary restenosis
rate and major amputation rate of 3.6% in the PTA
arm compare very favorably to previously published
data in similar CLI populations treated with PTA
alone (17–20). While the IN.PACT DEEP trial may set a
new benchmark with standard PTA for the treatment

of CLI patients due to the observed extremely low
reintervention and amputation rates, alternative
therapies, such as drug-eluting stents for short
lesions or bypass for longer lesions, may still apply as
valuable options in patients who are surgical candi-
dates (11,21) (Central Illustration).

While restenosis of the wound-related artery may
result in the failure to heal an ischemic wound,
numerous other CLI-related and therapeutic-specific
variables challenge the primary role of sustained pri-
mary patency on limb preservation and are con-
founders in interpreting the results of a clinical trial.
Factors such as the status of pedal circulation,
wound infection/location, and the frequency/quality
of podiatric surveillance programs and wound care
may either positively compensate for restenosis or
negatively impact the persistent patency. Although
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FIGURE 2 Freedom from Major Amputation (ITT population)

Survival distribution function estimate over 360-day period for subjects with major
amputation for Rutherford Classes 4, 5, and 6. Abbreviations as in Figure 1.

TABLE 5 Primary and Secondary Safety Endpoints

IA-DEB PTA p Value

6-month primary safety endpoint 17.7 (41/232) 15.8 (18/114) 0.021*

12-month major amputation 8.8 (20/227) 3.6 (4/111) 0.080

12-month all-cause mortality 10.1 (23/227) 8.1 (9/111) 0.551

12-month death and amputations† 35.2 (80/227) 25.2 (28/111) 0.064

12-month death, major amputation or
clinically driven TLR‡

26.9 (61/227) 23.4 (26/111) 0.496

Amputation-free survival 81.1 (184/227) 89.2 (99/111) 0.057

Values are % (n/N). *For noninferiority. †Death from any cause, major or minor amputation, of target limb (major
adverse event per protocol). ‡Death from any cause, target limb major amputation, and clinically driven TLR.

Abbreviations as in Tables 1 and 4.

J A C C V O L . 6 4 , N O . 1 5 , 2 0 1 4 Zeller et al.
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Trend toward increased amputation risk
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Paclitaxel-Coated BTK DCB
Medtronic
• 3.5 ug per mm2
• 50 subjects: RCT vs PTA
• LLL at 9 months
• Subsegmental LLL:

 0.59mm vs 0.94mm
• Classic LLL:  

 0.89 vs 1.31mm

Acotec
• Acoart II BTK Study
• 120 subjects: RCT vs PTA
• Target lesion 17cm
• Occlusion 75-80%
• Primary patency at 6months:

– DCB 75%, PTA 28%

Micari TCT 2020

Jia et al. J Endovasc Ther 2021;28:215

220 Journal of Endovascular Therapy 28(2)

safety results, with relatively low mortality (1.7% in DCBs 
vs 3.6% in controls) and major amputation rates (1.7% in 
DCBs vs 1.8% in controls) at 12 months. This observation 
is probably related to the presence of wound care teams and 
surveillance programs in all 11 centers participating in the 
trial. Moreover, vessel patency is necessary but not suffi-
cient for ulcer healing, and as a consequence, every CLTI 
center should provide a combination of patency and healing 
surveillance to improve limb preservation. The presence or 
absence of a wound care program may explain the large dif-
ference in the proportion of major amputations reported in a 
recent meta-analysis on trials focusing on DCBs for BTK 
interventions.11

The efficacy of DCBs in controlling intimal hyperplasia 
is shown by reductions in LLL, vessel occlusion, and 
TVAL relative to those of conventional angioplasty at  
6 months. These results compare favorably with those 

reported previously,8,9 in which no differences in terms of 
LLL or binary restenosis were observed between DCBs 
and uncoated balloons.

The efficacy of a DCB depends on the capability to 
release the paclitaxel particles into the vessel wall and to 
provide drug retention for a long antiproliferative effect. 
Both of these aspects depend on the carrier and coating 
technology used, which makes each DCB different from 
another. The increased patency provided by the DCBs in 
this randomized trial translated into a better clinical out-
come with a significant reduction in the need for TLR and a 
higher rate of complete wound healing. Longer follow-up 
data are being collected to determine if the benefit shown at 
12 months can be maintained long term.

Limitations
In the study protocol, follow-up was not required by the 
physician who treated the patient. No specific measures 
were taken to blind the person who performed the repeat 
angiography or who made the decision about CD-TLR, 
whereas quantitative evaluation of the angiograms was per-
formed by a core laboratory blinded to the type of treatment 
provided.

Conclusion
This study demonstrated that the Litos/Tulip DCBs are  
safe and effective in treating infrapopliteal lesions, with 
improved angiographic and clinical outcomes vs plain 
balloon angioplasty. The DCBs demonstrated significantly 
better primary patency with fewer CD-TLRs than conven-
tional angioplasty. The safety of the DCBs was noninferior 
to that of the uncoated balloons after 1 year of follow-up.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Figure 2. Freedom from clinically-driven target lesion 
revascularization (CD-TLR) at 12 months.

Table 4. Safety and Clinical Outcomes at 12 Months.a

DCB (n=61) Control (n=59) p

Safety endpoint 7/59 (11.9) 16/56 (28.6) 0.03
 Death 1/59 (1.7)b 2/56 (3.6) 0.53
 CD-TLRc 5/59 (8.5) 13/56 (23.2) 0.03
 Major amputation 1/59 (1.7) 1/56 (1.8) 0.97
CD-TLRc 5/59 (8.5) 13/56 (23.2) 0.03
Complete healing 26/31 (83.9) 24/32 (75.0) 0.39
Healing time, d 103.35±86.21 141.29±111.87 0.18

Abbreviations: CD-TLR, clinically-driven target lesion revascularization; DCB, drug-coated balloon.
aContinuous data are presented as the mean ± standard deviation; categorical data are given as the number (percentage).
bDeath was due to pneumonia at 247 days after the procedure.
cCalculated per patient (for patients with >1 lesion, if any lesion was revascularized during the 6-month follow-up, the patient was included in the  
CD-TLR group).

FF CD-TLR

Presentation Title

RCTs of 
Coronary DCB

optimal FFR cutoffs to predict future outcomes.
Despite the absence of valid data on the ideal FFR
threshold after plain balloon angioplasty, an FFR of
0.80 may be a good compromise to guide angioplasty
(Central Illustration). This issue is one that should be
further investigated.
DCB DELIVERY. First-generation DCBs were less
deliverable than standard balloons with larger
crossing profiles, whereas current-generation DCBs
show improved deliverability. The passage of the

most recently used pre-dilation balloon may be used
as a guide, while the presence of very distal lesions,
extreme tortuosity, or excessive calcification should
all increase the awareness of the possibility of DCB
delivery failure. The use of a guiding catheter with
good support, a guide extension, a buddy wire, or,
with particular care, deep guide engagement are all
options to aid balloon delivery. Care should be taken
when handling a DCB, as some brands may shed drug
and carrier when touched or after contact with liquid.

TABLE 2 Randomized Controlled Trials of DCBs in ISR

Study Name (Ref. #)
Comparators

to PCB n Follow-Up Duration Angiographic Follow-Up p Value MACE (%) p Value TLR (%) p Value

BMS ISR

PACOCATH ISR I
and II (14)

POBA 108 6 months (angio)
12 months (clinical)

LLL 0.03 ! 0.48 mm
vs. 0.74 ! 0.86 mm

0.0002 4 vs. 31 0.01 0 vs. 23 0.02

5 yrs (clinical) 27.8 vs. 59.3 0.009 9.3 vs. 38.9 0.004

PEPCAD II (97) PES 131 6 months (angio)
12 months (clinical)

LLL 0.17 ! 0.42 mm
vs. 0.38 ! 0.61 mm

0.03 9 vs. 22 0.08 6 vs. 15 0.15

3 yrs (clinical) 34.8 vs. 41.5

RIBS V (98) EES 189 6–9 months (angio)
12 months (clinical)

LLL 0.14 ! 0.5 mm
vs. 0.04 ! 0.5 mm,

binary
restenosis 9.5% vs. 4.7%

0.14
0.22

8 vs. 6 0.60 6 vs. 1 0.09

3 yrs (clinical) 12 vs. 10 0.64 8 vs. 2 0.04

SEDUCE (99) EES 50 9 months (angio)
12 months (clinical)

LLL 0.28 mm vs. 0.07 mm,
proportion uncovered struts

(OCT) 1.4% vs. 3.1%

0.1
0.025

4.2 vs. 8 0.576

TIS (100) EES 136 12 months LLL 0.02 mm vs.
0.19 mm

0.0004 10.3 vs. 19.1 0.213 7.4 vs. 16.2
(TVR)

0.110

DES ISR

PEPCAD-DES (101) POBA 110 6 months (angio and
clinical)

LLL 0.43 ! 0.61 mm
vs. 1.03 ! 0.77 mm,
restenosis 17.2% vs.

58.1%

<0.001
0.001

16.7 vs. 50.0 <0.001 15.3 vs. 36.8 0.005

3 yrs 20.8 vs. 52.6 0.001 19.4 vs. 36.8 0.046

PEPCAD CHINA
ISR (102)

PES 220 9 months (angio)
12 months (clinical)

LLL 0.46 ! 0.51 mm
vs. 0.55 ! 0.61 mm

0.0005* 16.5 vs. 16 (TLF) 0.92 15.6 vs. 12.3 0.48

2 yrs (clinical) 16.8 vs. 18.6
(TLF)

0.73 15.9 vs. 13.7 0.66

ISAR DESIRE
III (103)

PES vs. POBA 402 6–8 months (angio)
12 months (clinical)

Diameter stenosis 38%
vs. 37.4%

0.007* 23$5 vs. 19$3
vs. 46$2

0.5
(PCB vs.
PES)

22$1 vs. 13$5
vs. 43$5

0.09
(PCB vs.
PES)

3 yrs (clinical) 38.0 vs. 37.7
vs. 55.7

0.91
(PCB vs.
PES)

33.3 vs. 24.2
vs. 50.8

0.11
(PCB vs.
PES)

ISAR DESIRE
IV (29)

Scoring and
PCB

252 6–8 months (angio)
12 months (clinical)

LLL 0.31 ! 59 mm
vs. 0.41 ! 0.74 mm

0.27 18.4 vs. 23.3 0.35 16.2 vs. 21.8 0.26

RIBS IV (104) EES 309 6–9 months (angio)
12 months (clinical)

Binary restenosis
19% vs. 11%

0.06 18 vs. 10 0.04 16 vs. 8 0.035

RESTORE (105) EES 172 9 months (angio)
12 months (clinical)

LLL 0.15 ! 0.49 mm
vs. 0.19 ! 0.41 mm

0.54 7.0 vs. 4.7 0.51 5.8 vs. 1.2 0.10

FIM LIMUS DCB
(25)

SCB 50 6 months (angio) LLL 0.21 ! 0.54 mm
vs. 0.17 ! 0.55 mm

0.794 16 vs. 12 >0.99 16 vs. 12 >0.99

Mixed ISR

BIOLUX (106) SES 229 6 months (angio)
12 months (clinical)

LLL 0.03 ! 0.40 mm
vs. 0.20 ! 0.70 mm

0.40 16.9 vs. 14.2
(TLF)

0.65 12.5 vs. 10.1 0.82

DARE (107) EES 278 6 months (angio)
12 months (clinical)

MLD 1.71 ! 0.51 mm
vs. 1.74 ! 0.61 mm

<0.0001* 10.9 vs. 9.2 0.66 7.1 vs. 8.8 (TVR) 0.65

Only randomized controlled trials in ISR are included. *Noninferiority.

angio ¼ angiographic; BMS ¼ bare metal stent; EES ¼ everolimus-eluting stent; LLL ¼ late lumen loss; MACE ¼ major adverse clinical events; MLD ¼ mean luminal diameter; ISR ¼ in-stent restenosis;
OCT ¼ optical coherence tomography; PCB ¼ paclitaxel-coated balloon; PES ¼ paclitaxel-eluting stent; POBA ¼ plain old balloon angioplasty; SCB ¼ sirolimus-coated balloon; SES ¼ sirolimus-eluting stent;
TLF ¼ target lesion failure; TLR ¼ target lesion revascularization; TVR ¼ target vessel revascularization.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 3 , N O . 1 2 , 2 0 2 0 Jeger et al.
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Each DCB brand will have specific instructions for
use, and particular notice needs to be taken of the
maximum transit time in the patient (i.e., before
excessive drug loss has occurred) and the minimum
inflation time for drug delivery (Central Illustration).
Most manufacturers would not recommend reinser-
tion of the same DCB after delivery failure. The lesion
that has undergone lesion preparation plus at least
2 mm proximally or distally should be covered with
the DCB.

ANGIOGRAPHIC INDICATIONS

ISR. ISR histologically is different from restenosis
after angioplasty, because early after stent implan-
tation increases the extent of neointimal hyperplasia
(38). Although bare-metal stent (BMS) ISR is typically
characterized by neointimal hyperplasia, DES ISR is
typically characterized by neointimal hyperplasia
with late neoatherosclerotic changes (39). In ISR
populations (27,40,41), benefit from DCBs may be
found in patients presenting with both BMS ISR and
DES ISR (Table 2). However, patients with DES ISR
represent a selected high-risk population with pri-
mary failure of local drug delivery by the stent
(42,43), and the potential relative efficacy of DCBs
versus DES according to the underlying tissue sub-
strate (e.g., neointimal hyperplasia vs. neo-
atherosclerosis) may be different. On the basis of
randomized trial data published in a large meta-
analysis, DCBs are similarly effective as DES in the
reduction of revascularization for BMS ISR, whereas
they have somewhat lower efficacy in DES ISR (44).
The necessity of a new permanent metal layer limits
the attractiveness of repeat DES implantation
compared with the use of a DCB. As a result, many

operators prefer the use of DCBs over DES in patients
presenting with first ISR, reserving the use of a new
DES layer for patients with subsequent recurrences
after DCB treatment. The use of DCB instead of repeat
DES implantation is particularly attractive in patients
with multiple previous stent layers, those with rele-
vant side branches emerging from the stent with ISR,
and those who on clinical grounds may benefit from a
shorter dual-antiplatelet regimen (40). Therefore,
treatment of ISR has entered current guidelines on
myocardial revascularization as a recommendation
(Class I, Level of Evidence: A) (27).

Lesion preparation of ISR lesions must carefully
consider the underlying pathology, and guidance
using intravascular imaging modalities can be
extremely helpful and is highly recommended to
detect “mechanical” causes of ISR failure and correct
them accordingly (Central Illustration) (27,40). The
requirements are essentially similar and independent
of using a DCB or a DES as final treatment. However,
the use of DCBs in conventionally undilatable lesions
is limited. Rotablation (45), lithotripsy (46), and
scoring or cutting balloons may be useful tools to
improve stent expansion and luminal gain and to
avoid slippage of pre-dilation balloons (47,48).

DE NOVO LESIONS IN SMALL VESSELS. The inter-
ventional treatment of coronary small-vessel disease,
usually defined as lesions in vessels #2.75
or <3.0 mm, remains challenging. Although DES are
as effective in small as in large vessels, the resulting
late lumen loss occupies a higher percentage of the
respective vessel diameter, leading to higher rates of
ISR and clinical events (49). The clinical feasibility of
the treatment of small-vessel disease with DCBs has
initially been shown in several nonrandomized

TABLE 3 Randomized Controlled Trials of DCB Only in De Novo Lesions of Small Coronary Vessels

Study Name
(Ref. #) Comparators n Follow-Up Duration

Angiographic
Follow-Up p Value MACE (%) p Value TLR (%) p Value

PICCOLETO
(58)

Dior PCB vs. TAXUS
Liberté PES

57 6 months (angio)
9 months (clinical)

MLD 1.11 ! 0.65 mm
vs. 1.94 ! 0.72 mm

0.0002 35.7 vs. 13.8 0.054 32.1 vs. 10.3 0.15

BELLO (59,66) IN.PACT Falcon PCB
vs. TAXUS Liberté

PES

182 6 months (angio)
12 months (clinical)

LLL 0.08 ! 0.38 mm
vs. 0.29 ! 0.44 mm

0.001 10 vs. 16.3 0.21 4.4 vs. 7.6 0.37

3 yrs (clinical) 14.4 vs. 30.4 0.015

RESTORE SVD
(61)

Restore PCB vs.
Resolute Integrity

ZES

230 9-12 months (angio)
12 months (clinical)

LLL 0.26 ! 0.42 mm
vs. 0.30 ! 0.35 mm,
diameter stenosis

29.6 ! 2.0% vs. 24.1
! 2.0%

0.41, <0.001 9.6 vs. 9.6 1.0 4.4 vs. 2.6 0.72

BASKET-
SMALL 2
(60)

Sequent Please PCB
vs. TAXUS Element
PES and Xience EES

758 6 months (angio)*
12 months (clinical)

LLL 0.13 mm ("0.14
to 0.57 mm) vs.

0.10 mm ("0.16 to
0.34 mm)

0.72 8 vs. 8 0.918,
0.0152†

3.4 vs. 4.5 0.438

Only randomized controlled trials in patients with lesions in native coronary vessels #2.75 or 3.0 mm are included. *Only clinically indicated angiography. †Noninferiority.

ZES ¼ zotarolimus-eluting stent; other abbreviations as in Tables 1 and 2.

Jeger et al. J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 3 , N O . 1 2 , 2 0 2 0

Third International DCB Consensus Group Report J U N E 2 2 , 2 0 2 0 : 1 3 9 1 – 4 0 2
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Mortality assessment
168,553 Medicare recipients 
underwent endovascular 
therapy
41.9% received paclitaxel 
coated devices

Paclitaxel in CLTI Patients: No increase in mortality risk

SWEDEPAD
RCT: paclitaxel versus non-
paclitaxel devices in lower 
extremity PAD 
2,289 subjects; mean follow-up 
time 2.49 years
100% vital status follow-up HR 
1.06, 95% CI (0.92-1.22) Nordanstig et al.  New Engl J Med 2020; doi: 10.1056/NEJMoa2005206.
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Particulate Embolization After DCB

highly lipophilic drug8 inhibits the proliferation of vascular
smooth muscle cells that would otherwise accumulate
within the neointima and form a hyperplastic restenotic
lesion.9 A variety of excipient carrier molecules have been
used to facilitate paclitaxel delivery to the target lesion,
including urea, iopromide, butyryl-tri-hexyl citrate, and
shellolic acid.10 During balloon inflation, these drugs are
liberated, some implanting as drug reservoirs into the
blood vessel wall to exert their effect locally, whereas other
clumps are released downstream in a phenomena known as
“particulate embolization.” This phenomenon was studied
by Heilmann et al11 in a porcine model, in which they
demonstrated that >50% of the drug coating washes off
into the distal circulation. In that study, the type of excip-
ient and method of balloon coating (drug-coated or wrap-
ped) affected the efficiency of drug transfer. In human

studies, Freyhardt et al12 demonstrated paclitaxel within
the systemic circulation after lower limb DEB angioplasty.
There is concern about what long-term effect this shower
of drug into the end organ may have; however to date,
there have been no published reports of allergy or vasculitic
reactions. This has been reassuring for all who use these
devices and has resulted in their broad application to
include vascular territories where the end organ may be
less forgiving than the lower limb.10,13

We propose that our patient’s vasculitic rash was
related to particulate embolization of the drug coatings
on the balloon, of which paclitaxel and urea feature most
prominently. In support of this, we note that the rash
was present only in the vascular territory fed by the treated
superficial femoral artery and appeared 5 days after that
treatment. Close physical examination of her skin and

Fig 1. A, Vasculitic rash confined to the left leg after therapy with a paclitaxel-eluting balloon. B, Nodular,
erythematous macules in the distribution of the superficial femoral artery treated with a paclitaxel-eluting balloon. C,
Magnified view of the vasculitic rash on the lower leg, demonstrating nonblanching, nonhemorrhagic, nodular,
erythematous macules.

Fig 2. A, Photomicrograph (original magnification, !40) of histologic specimen demonstrates inflammation and fibrin
within the wall of an arteriole within the subcutaneous fat (arrow). B, Photomicrograph (original magnification, !400)
shows mixed cellular infiltrate comprising lymphocytes, neutrophils, and eosinophils in the subcutis and a thrombosed
small vessel with fibrin within its wall (arrow).

JOURNAL OF VASCULAR SURGERY
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Paclitaxel implants in the arterial wall and serves as a
local reservoir; however, evidence suggests that
greater than 50% of both drug and excipient involved
in P-DCBs may wash off into downstream locations.1

We suspect that our patient experienced emboliza-
tion of paclitaxel with subsequent development of a
small-vessel vasculitis, given the time course and
localization of the eruption. Our patient’s eruption
was confined to the distal, downstream territory of
the treated right superficial femoral artery approxi-
mately 1 week after the procedure. Our suspicion is
supported by the nongeometric spaces within the
thrombus which are likely representative of pacli-
taxel and excipient. Our patient lacked systemic
symptoms, and the eruption resolved without
sequela within days, thus there was low suspicion
for autoimmune, infectious, or other systemic
etiology.

Downstream embolization of P-DCBs following a
lower-limb angioplasty has been previously re-
ported in the literature, including 4 reports of

ipsilateral cutaneous sequela. Of those 4 reports, 3
were biopsied and revealed panniculitis, polyarter-
itis nodosa, and small-vessel vasculitis, respec-
tively.2-4 All 3 cases were treated with systemic
steroids with complete resolution within 3-4 months.
In the case of polyarteritis nodosa, the patient
developed symptoms approximately 1 month after
the procedure, suggesting a more delayed immune-
related phenomenon in contrast to the more acute-
onset manifestation in our patient, which was likely
secondary to direct embolic effects. Embolization of
polymer coating with subsequent vasculitis has also
frequently been reported; however, drug/excipient
embolization is far less common. Given that the DCB
in our case did not have a polymer coating, this
phenomenon can be ruled out.

Interestingly, our patient and the 4 reported
patients each had an IN.PACT Admiral DCB, which
delivers a paclitaxel concentration of 3.5 !g/mm2

with a urea excipient. Hydrophilic excipient mole-
cules such as urea are particularly likely to embolize;

Fig. 1. A, Vasculitic rash on the lower right extremity following paclitaxel drug-coated balloon
(P-DCB) angioplasty. B, Magnified view of erythematous round papules comprising the rash.

Fig. 2. Histopathologic findings. A, Punch biopsy showing intraluminal thrombosis sur-
rounded by lymphocytes and leukocytoclasia. B, Vessel with fibrinoid necrosis and thrombosis
broken up by clear, nongeometric spaces. (A and B, Hematoxylin-eosin stain.)
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Case Report

The no-flowphenomenon following drug-coated balloon angioplasty in a
patient with chronic limb-threatening ischemia and a history of
below-knee amputation

Mituso Sobajima (MD, PhD) ⁎, Teruhiko Imamura (MD, PhD, FJCC), Atsuko Fukuo (MD), Yohei Ueno (MD, PhD),
Hiroshi Onoda (MD, PhD), Hiroshi Ueno (MD, PhD), Koichiro Kinugawa (MD, PhD, FJCC)
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The endovascular treatment using a drug-coated balloon (DCB) reduces restenosis and target vessel re-
vascularization rate in patients with peripheral artery disease such as claudication and chronic limb-
threatening ischemia (CLTI). However, its safety and efficacy in patients with post-below-knee amputation re-
mainunknown.Wehad apatientwith CLTI and ahistory of below-knee amputation,who suffered a no-flowphe-
nomenon following DCB angioplasty that required above-knee amputation. DCB angioplasty might not be
appropriate for those with severe CLTI and histories of amputation.
Learning objective: The present report describes the risk of endovascular treatment using a drug-coated balloon
for chronic limb-threatening ischemia patients with a below-knee amputated limb.
© 2022 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

As an incremental number of hemodialysis patients, the number of
patients who suffer chronic limb-threatening ischemia (CLTI) needing
below-knee (BK) amputation has also been increasing and receiving
great concern. These patients sometimes have recurrent CLTI due to im-
paired blood flow. In such case, revascularization for superficial femoral
artery (SFA) or above-knee (AK) amputation is required.

In recent years, the safety and efficacy of drug-coated balloon (DCB)
have been reported not only for patients with claudication but alsowith
CLTI [1,2]. However, its clinical implication for those with CLTI and his-
tories of BK amputation has not been clarified. This case report presents
a rare adverse event: the no-flow phenomenon after using DCB for the
BK amputated limb.

Case report

A 69-year-old man who was dependent on hemodialysis for 14
years due to end-stage diabetic nephropathy was diagnosed with left-
limb CLTI and received BK amputation 6 years previously. The following

year, his right limbwas also amputated at AK due to worsening CLTI. He
began to complain of pain due to worsening CLTI in his left knee and
was admitted to our institute to consider further endovascular treat-
ment (EVT).

On admission, his blood pressure was 118/62 mmHg and his pulse
rate was 80 bpm. We administered him clopidogrel and aspirin. We
performed angiography. We initially infused 3000 IU of unfractionated
heparin from the sheath and the activated coagulation time was mea-
sured every 30min and maintained above 250 s.

A left lower limb angiography showed diffuse severe stenosis from
SFA to the popliteal artery with severe calcification (black arrows in
Fig. 1A). Six-Fr sheath was ipsilaterally inserted via the left common
femoral artery for EVT. The diseased SFA was crossed by the 0.014 in.
wire and dilated by the 1.5 mm balloon. Intravascular ultrasound
showed diffuse severe calcified stenosis accompanying a calcified nod-
ule with 4.5 mm of distal reference lumen diameter. Additional high-
pressure dilatation using a 4.0 mm balloon improved SFA to popliteal
artery flow while remaining un-dilated calcified nodule, which was es-
timated by using intravascular ultrasound examination (black arrows in
Fig. 1B, C).

Following the DCB dilatations using Lutonix® 4.0 × 150 mm and
Lutonix® 4.0 × 100 mm (C.R. Bard, Murray Hill, NJ, USA), peripheral
flow immediately vanished (black closed triangles in Fig. 1D). An intra-
vascular ultrasound confirmed neither flow limiting dissection nor
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Fig. 1.
Left superficial femoral artery angiography with diffuse severe stenosis (A). Plain old balloon angioplasty (POBA) using a 4.0 mm balloon at 28 atmospheric pressures (B). An-
giography following POBA (C). Angiography just following drug-coated balloon treatment showingnoflowphenomenon (D). Follow-up angiography showsno-flowphenom-
enon (E). Black arrows indicate calcified nodule lesion with incomplete dilatation. Black closed triangles indicate the proximal sites of no-flow phenomenon.

Fig. 2.
The trend of the wound and laboratory data at baseline and following endovascular treatment (EVT). Red arrows indicate de novo ulcers.
WBC, white blood cell; CRP, C- reactive protein; CK, creatinine kinase.
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thrombus obstruction. Distal angiography via popliteal artery using
micro-catheter showed a pooling of contrast agent at the distal portion.
Given all together, we suspected the no-flow phenomenon due to DCB-
related distal embolization. Repeated blood aspiration from distal SFA
and several intra-arterial administrations of nitroglycerin, nitroprus-
side, and prostaglandin did not improve peripheral flow, and we even-
tually terminated the EVT session.

Immediately after EVT, he complained of pain and cyanosis inside of
his left thigh (Fig. 2). On post-EVT day 2, serum creatinine kinase began
to increase. A follow-up left lower limbangiography showed total occlu-
sion at proximal SFA on post-EVT day 4 (black closed triangles in
Fig. 1E). New ulcers developed on post-EVT day 5 (red arrows in
Fig. 2). He received AK amputation onpost-EVT day 6. Pathological anal-
ysis showed fibrinoid necrosis and infiltration of inflammatory cells
around the peripheral artery obtained from vastus medialis (Fig. 3).

Discussion

Various chemical substances including paclitaxel and its base mate-
rials are embedded in DCB. Ballooning using DCB sometimes causes dis-
tal embolization of these materials, resulting in an inflammatory
reaction at distal microvasculature. This phenomenon is known as a
“downstream effect” [3,4]. A downstream effect is in general transient
and no studies reported the association between the downstream effect
and lower limb amputation.

As observed in our patient (Fig. 3), animal studies demonstrated the
association between DCB treatment and fibrinoid necrosis, chronic in-
flammation, and nuclear change at peripheral arterioles [5]. Our patho-
logical specimens did not reveal any thrombi, cholesterol crystals, or
DCB particles, and we were unable to identify the definite cause of this
phenomenon. It is inferred that slow flow due to DCB particles and sub-
sequent thrombus might be the main reason. Accumulation and analy-
sis of cases are considered necessary.

Although severe downstream effects as in our case are rare, a tran-
sient slow flow by DCB angioplasty, probably due to a less sick down-
stream effect, is sometimes encountered. Several risk factors including
CLTI, chronic total occlusion, poor run-off, and long DCB use were re-
ported by Shirai and colleagues [6]. Even though our patient had a
long lesion without any BK runoff we used the totally long length of
DCB, and then his wound worsened due to no-flow. DCB angioplasty

is not contraindicated for those with CLTI in Japan [7]. On the contrary,
an incremental risk of amputation by DCB angioplasty for such a cohort
was alerted by Katsanos and colleagues [8]. These previous studies do
not include those with post-BK amputation like our patient, and these
risks are highlighted in such cases, so careful consideration should be
given to DCB use, and DCB length should be minimized.

Conclusion

The patients with post-BK amputation often have long lesions with-
out any runoff. Given the estimated high risk of severe downstream ef-
fects, plain old balloon angioplasty without using DCB might be a safer
and more recommended therapeutic strategy for those with post-BK
amputation.
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Fig. 3.
Histopathological image obtained from vastusmedialis muscle following amputation, showing fibrinoid necrosis, inflammatory cell infiltration, and thrombus around periph-
eral artery (hematoxylin-eosin stain).
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HIGHLIGHTS

! PCBs are a clinically proven antirestenotic

alternative to plain percutaneous

transluminal angioplasty of superficial

femoral arteries but their application in

critical limb ischemia is inhibited by the

concern that the downstream release of

particulate paclitaxel may negatively

impact distal lower limb’s circulation and

its tissues already compromised by

chronic ischemia.

! To investigate this concern

experimentally, we used an animal model

of standardized distal limb wounds to

determine the effect of downstream

paclitaxel released during PCB treatment

of superficial femoral arteries on distal

wound healing process.

! A clinically relevant concentration of

paclitaxel in the vicinity of the wound did

not impair the healing of preexisting

distal cutaneous lesions in healthy swine

even after multiple PCB deployments.
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Healing not impaired
in distal extremity wounds in presence
of intentional paclitaxel overdose.

Paclitaxel: No Increase in Amputation Risk

• Risk of amputation in over 
160,000 patients in SAFE-PAD

Risk of amputation in patients 
treated with paclitaxel devices 
was similar:  
HR 0.86 (95% CI 0.83-0.89)

• 4316 VOYAGER PAD patients

Risk of MALE in patients 
treated with paclitaxel devices 
was similar:  
HR 1.08 (95% CI 0.90-1.30)

Secemsky et al. AMA Intern Med. 2021 Aug 1;181:1071-1080. 
Hess et al. J Am Coll Cardiol 2021;78:1768-78.  
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confirm this safety concern for more general or for more
specific outcomes.

In summary, the current study could demonstrate that
PCX in BK lesions is associated with a reduction in long term
all cause mortality, amputation, or death, and cardiovas-
cular event or death in CLTI patients. Further prospective
trials with appropriate statistical power are needed to illu-
minate the various technical and morphological aspects of
BK revascularisations and their impact on long term out-
comes in a more detailed way.

This study has limitations. It is possible that the experi-
ence of the centre performing the procedures and the
follow up of those patients play a major role in increasing
the overall survival of the target population. It cannot be
ruled out that a considerable proportion of the improved
outcomes in paclitaxel exposed patients are explained by
unobserved patient differentials or other aspects of
healthcare. Furthermore, it was not possible to validly
collect information regarding specific devices, doses of
paclitaxel delivered, or paclitaxel applied during coronary or
cancer treatment. There is a very small proportion of
coatings other than paclitaxel, making a few of the codings
used less specific. In addition, the primary purpose of the
data collection should be considered when using it for
secondary purposes, and all research data should undergo
validation. Health insurance funds in Germany perform
random cross checks with patient files on a regular basis.

Prior validation studies revealed high validity of major
outcomes such as mortality in health insurance claims
data.19e22 In the current analysis, 53.8% of PCX cases were
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Figure 2. Forest plots of all cause mortality (A), cardiovascular
events or death (B), and amputation or death (C) after five years
by treatment approach by drug coated balloon (DCB) or drug
eluting stent (DES) in patients with chronic limb threatening
ischaemia in the below knee arteries using propensity score
matched cohorts with hazards ratios and 95% confidence intervals
(balloon vs. stent vs. both approaches merged together).
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Figure 3. Cumulative KaplaneMeier estimates of all cause mor-
tality (A), cardiovascular events or death (B), and amputation or
death (C) after five years by endovascular treatment approach
with (red line) or without (blue line) paclitaxel (PCX) containing
device in patients with chronic limb threatening ischaemia of the
below knee arteries using propensity score matched cohorts
including 95% Wald confidence interval and log rank test (p
value).
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CLTI: Barmer Insurance Study

BTK Paclitaxel treatment
14,738 patients with 5 years follow up
6,568 propensity matched pairs
DES or DCB vs plain

confirm this safety concern for more general or for more
specific outcomes.

In summary, the current study could demonstrate that
PCX in BK lesions is associated with a reduction in long term
all cause mortality, amputation, or death, and cardiovas-
cular event or death in CLTI patients. Further prospective
trials with appropriate statistical power are needed to illu-
minate the various technical and morphological aspects of
BK revascularisations and their impact on long term out-
comes in a more detailed way.

This study has limitations. It is possible that the experi-
ence of the centre performing the procedures and the
follow up of those patients play a major role in increasing
the overall survival of the target population. It cannot be
ruled out that a considerable proportion of the improved
outcomes in paclitaxel exposed patients are explained by
unobserved patient differentials or other aspects of
healthcare. Furthermore, it was not possible to validly
collect information regarding specific devices, doses of
paclitaxel delivered, or paclitaxel applied during coronary or
cancer treatment. There is a very small proportion of
coatings other than paclitaxel, making a few of the codings
used less specific. In addition, the primary purpose of the
data collection should be considered when using it for
secondary purposes, and all research data should undergo
validation. Health insurance funds in Germany perform
random cross checks with patient files on a regular basis.

Prior validation studies revealed high validity of major
outcomes such as mortality in health insurance claims
data.19e22 In the current analysis, 53.8% of PCX cases were
also revascularised at other sites than the infrapopliteal
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Better survival and fewer amputations among those who received paclitaxel

Mortality

CV event or death

Amputation or  death

Better Survival and
Lower Amputation Risk with
Paclitaxel in CLTI Patients

Kummins J Vasc Surg 2021;74:1682

and 18.0% of non-PTX patients (P ¼ .0001). At year 4, this
increased to only 12.6% and 21.3%, respectively
(P ¼ .0007).
ff-TVR by KM analysis (Fig, D) was higher in the PTX-

treated patient group compared with those treated
without PTX through 4-year follow-up (77.6% vs 70.6%,
P ¼ .012). Multivariable analysis identified that dialysis
dependence was associated with increased risk of TVR,
whereas treatment with PTX was associated with a
reduced risk of TVR (Table III).

DISCUSSION
The addition of PTX to balloons and stents has changed

the landscape in the treatment of patients with athero-
sclerotic femoropopliteal arterial disease.12 Numerous tri-
als have shown a significant increase in primary patency
for patients treated with PTX compared with uncoated
devices, and this has led to a marked increase in the
use of these devices.1-8 Each of these devices has re-
ported varying degrees of benefit for the PTX arm.1-8

The randomized controlled trials studying the outcome
of PTX in the femoropopliteal segment have been carried
out on patients who presented, nearly exclusively, for
treatment of claudication.1-9 The proportion of claudicants
in these studies ranges from 90% to 95%.1-9 Patients who
were enrolled in these trials had relatively limited arterial
disease with the average lesion length ranging from 6 to
9 cm. Only 20%-30% had chronic total occlusion. Renal
insufficiency was rare in these patients averaging 7%-11%
except in the ILLUMENATE Pivotal Study (Prospective,
Randomized, Single-Blind, U.S. Multi-Center Study to Eval-
uate Treatment of Obstructive Superficial Femoral Artery
or Popliteal Lesions with a Novel Paclitaxel-Coated Percu-
taneous Angioplasty Balloon), which reported 16%-18%
rate of renal insufficiency.6

The recent identification of an association between PTX
use and an increased risk of late mortality is based on
compiled analyses of these trials.9-11 The initial meta-
analysis that raised these safety concerns suggested a
nearly twofold all-cause mortality risk at 5 years in pa-
tients treated with PTX compared with controls.9 This

Fig. A, Overall survival by Kaplan-Meier (KM) analysis of patients treated with paclitaxel (PTX) vs without paclitaxel
(No PTX). B, Amputation-free survival (AFS) by KM analysis of patients treated with PTX vs No PTX. C, Freedom
from major amputation (ff-MA) by KM analysis of patients treated with PTX vs No PTX. D, Freedom from target
vessel revascularization (ff-TVR) by KM analysis of patients treated with PTX vs No PTX. CI, Confidence interval.
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983 patients
58% received paclitaxel devices

Spreen MI, et al. J Am Heart Assoc. 2017;6(4). pii: e004877. 

PADI Trial:
PTA and Drug Eluting Stents for 
Infrapopliteal Lesions in Critical 
Limb Ischemia
• Multi-center randomized 2-arm study

• Limbs randomized to PTA ±  BMS or 
paclitaxel-balloon expandable DES 
(Taxus Liberté)

– 73 patients, 74 limbs-DES
– 64 patients, 66 limbs-PTA ± BMS

• CLI, Rutherford 4-6

• de novo stenoses or occlusions BTK

• Vessel diameter 2-6 mm, length ≤ 90 mm

Paclitaxel DES Paclitaxel Use In CLTI Patients: Is There Still Any Evidence Of An Increased Amputation Risk?

Conclusion

• Amputation risk with paclitaxel is theoretical.
• Rigorous pre-clinical testing mandated by FDA.
• Rare clinical observation of cutaneous lesions 

from particulate embolization.
• Clinical studies, both RCTs and real-world, do not 

show increased risk of mortality or amputation in 
CLTI patients.

Paclitaxel Use In CLTI Patients:
Is There Still Any Evidence Of An 

Increased Amputation Risk?

Peter A. Schneider, MD
University of California San Francisco


