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A B S T R A C T

Background: While not available for clinical use in the United States, dedicated drug-coated balloons (DCB) are currently under investigation for the
management of coronary in-stent restenosis (ISR). Peripheral drug-coated balloons (P-DCB) have been used off-label for coronary ISR. Further data regarding
this practice are needed. We aimed to describe outcomes in patients who underwent off-label P-DCB angioplasty for coronary ISR.

Methods: We analyzed data on P-DCB angioplasty for coronary ISR at a single high-volume center between April 1, 2015, and December 30, 2017. De-
mographic and procedural details were collected, with systematic follow-up as clinically indicated.

Results: Data from 31 patients treated with P-DCB angioplasty (mean age 68.0 � 10.7 years) with coronary ISR (17 recurrent and 14 first time) were analyzed.
Most patients presented with high-grade angina (81%) or myocardial infarction (13%). Treated ISR lesions were in native coronary arteries (68%), saphenous
vein grafts (SVG, 23%), and the left internal mammary artery (10%). Diffuse intrastent ISR was common (69%) with a mean lesion length of 21.7 � 12.4 mm.
No postprocedural myocardial infarction occurred and 1 nonprocedural mortality occurred during index admission. At follow-up (median: 283, interquartile
range [IQR]: 354 days), repeat angiography was performed in 19 patients (median: 212, IQR: 188 days), and 11 patients had target lesion recurrent ISR
(Kaplan-Meier event-free survival estimate: 44.7%, 95% CI, 26.1%-76.5%).

Conclusions: In the absence of availability of dedicated coronary DCB, treatment of coronary ISR using P-DCB angioplasty was feasible, although follow-up
demonstrated continued risk for recurrent ISR in this high-risk population.
Introduction

Despite advances in-stent technology, patients remain at risk for
in-stent restenosis (ISR),1 which continues to be clinically relevant and
challenging issue.2 Even with contemporary drug-eluting stents
(DES), the incidence of ISR is approximately 5%-15% in all-comers
patients and lesions with rates approaching the lower end of that
range with newer generation stents.3–5 Patients who develop ISR are
Abbreviations: BMS, bare metal stent; CABG, coronary artery bypass graft; DCB, drug-coa
artery; P-DCB, peripheral drug-coated balloon; POBA, plain old balloon angioplasty; SVG, s
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at risk for the development of recurrent symptoms, repeat revascu-
larization, acute coronary syndromes, and increased risk for mortal-
ity.6–8 The occurrence of ISR can be influenced by patient factors (ie,
age and diabetes mellitus), lesion characteristics (ie, length, vessel
caliber), and procedural technique (ie, minimal stent area, under
expansion).9–11

When patients present with ISR, the optimal management strategy is
individualized and guided by the clinical presentation, type of underlying
ted balloon; DES, drug-eluting stent; ISR, in-stent restenosis; LIMA, left internal mammary
aphenous vein graft.
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stent (bare metal stent [BMS] vs DES), and mechanism and pattern of
restenosis.12 While implantation of a second layer of stent, typically DES,
is considered to be a Class I indication in both the American College of
Cardiology (ACC)/American Heart Association (AHA) guidelines and the
European Society of Cardiology (ESC)/European Association for
Cardio-Thoracic Surgery (EACTS) guidelines,13,14multiple stent layers can
contribute to further narrowing of the luminal area, increasing risk for
recurrent ISR, more difficulty achieving optimal stent expansion, and
other stent-related complications such as stent thrombosis.10,15

Drug-coated balloons (DCB) have become an increasingly attractive
treatment option for ISR in the coronary vasculature due to the ability to
deliver antiproliferative drugs to sites of ISR without necessitating the
placement of an additional layer stent,16,17 and previous studies have
demonstrated similar rates of restenosis with minimal differences in clin-
ical outcomes between DCB and DES in the treatment of ISR.18 This has
led the ESC/EACTS to deem the use of DCB a Class I recommendation in
this setting.14 While dedicated coronary DCB are currently under clinical
investigation and are not commercially available in the United States,
peripheral drug-coated balloons (P-DCB) are approved. These devices
were initially designed with indications for use in de novo or restenotic
lesions in native superficial femoral or popliteal arteries. In the absence of
availability of dedicated coronary DCB, P-DCB has been used in selected
cases off-label. We sought to study the clinical characteristics and out-
comes of 31 patients undergoing angioplasty with P-DCB for ISR treat-
ment at our high-volume, academic, cardiac catheterization laboratory.
Methods

Patients undergoing diagnostic coronary angiography as part of
routine clinical care between April 1, 2015, and December 30,
2017 were screened. Data from patients with evidence of ISR,
defined as >50% narrowing within a stented segment or within 5
mm of the stent edge by visual estimation, who were treated with
commercially available P-DCB off-label at the discretion of the
performing operator were analyzed. ISR was characterized as first
time if this was the first instance of restenosis in the stented
segment or recurrent if evidence of prior treatment for restenosis
was documented. Clinical and procedural characteristics were
collected through chart review. All patients were contacted after
the index procedure to identify any subsequent clinically indicated
coronary angiograms and interventions that were performed at
outside institutions. Institutional Review Board approval was ob-
tained for this study and informed consent from the patients was
obtained when applicable.
Figure 1.
Angiogram of treatment of in-stent restenosis (ISR) with peripheral paclitaxel drug-coat
Inflation of peripheral drug-coated balloon (P-DCB; arrow) over two 0.0140 0 support wires (arrow
Procedural technique

All patients underwent 7F or 8F access to accommodate the delivery
of equipment. Diagnostic coronary angiograms were taken as per usual
practice. After the vessel was adequately prepared according to the
discretion of the operator (ie, via balloon angioplasty, atherectomy,
cutting balloons, etc.), paclitaxel-coated P-DCB IN.PACT Admiral
(Medtronic) or LUTONIX (Bard Peripheral Vascular) were delivered over
2 or three 0.14” supportive coronary wires or a single 0.18” wire. The
distal portion of the balloon was advanced into the lesion. The shortest
available peripheral P-DCB is 40 mm; therefore the proximal end of the
P-DCBmay have remained in the aorta in proximal cases (Figure 1). The
P-DCB was inflated for ideally 180 seconds or as long as clinically
tolerated. The use of intravascular imaging (Figure 2) or treatment of
residual stenosis or complications of balloon inflation was left to the
discretion of the operator, although imaging was used in the vast ma-
jority of cases.
Statistical analysis

Continuous values are summarized using mean � standard devia-
tion. Time-to-event analysis was performed by the Kaplan-Meier
method. Analyses were performed with SAS version 9.4 (SAS Insti-
tute) and RStudio version 4.2.0 (RStudio).
Results

Between April 1st, 2015, and December 30th, 2017, a total of 31
patients with ISR underwent treatment with P-DCB at our institution.
Baseline clinical characteristics are summarized in Table 1. The mean
age of patients included was 68.0� 10.5 years. The majority of patients
were male (78%) with a high prevalence of diabetes mellitus (59%),
hypertension (78%), and prior coronary artery bypass graft (CABG)
surgery (69%).

Table 2 summarizes procedural details. Femoral access (n ¼ 29,
91%) was predominantly used with 7F (17, 55%) and 8F (13, 42%)
sheaths. Coronary angiography demonstrated recurrent ISR in 53% of
patients and first-time ISR in 47% of patients. The majority of patients
had a diffuse intrastent (Mehran class II) pattern of ISR19 (68%) with a
mean lesion length of 22.0 � 12.6 mm by visual assessment. Target
lesion locations were in native coronary arteries in 69% of lesions and
grafted vessels in 32% of lesions (23% in SVG and 10% in left internal
mammary arteries). The right coronary artery was the most frequently
ed balloon. (A) Proximal focal ISR demonstrated in the right coronary artery (arrow). (B)
head). (C) Excellent angiographic result and improvement in ISR after P-DCB treatment.



Figure 2.
Intravascular imaging of treatment of in-stent restenosis (ISR) with peripheral paclitaxel drug-coated balloon. (A) Proximal focal ISR of the right coronary artery with severe
neointimal hyperplasia. Minimal luminal area measured to be 2.1 mm2. (B) Improvement in minimal luminal area of ISR lesion to 3.8 mm2 after lesion preparation with scoring balloon
catheter. (C) Significant improvement in minimal luminal area (5.5 mm2) with evidence of mild neointimal hyperplasia after treatment with peripheral paclitaxel drug-coated balloon.
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treated ISR lesion location (34%). Four (13%) patients were previously
treated with brachytherapy.

For lesion preparation, a combination of cutting or specialty bal-
loons was used in (21, 66%) patients, noncompliant balloons alone were
used in (8, 25%) cases, and atherectomy in combination with non-
compliant balloons and/or specialty balloons was used in (3, 9%) pa-
tients (rotational atherectomy in 1 patient and laser atherectomy in 2
patients). After lesion preparation, the lesion was treated with P-DCB.
IN.PACT Admiral DCB were used in 19 (61%) and LUTONIX DCB were
used in 10 (32%) cases; 2 patients underwent P-DCB treatment but the
specific balloon device was not recorded. P-DCB crossed the target
lesion in all but 1 lesion captured in this analysis. The average inflation
pressure was 7.8 � 3.6 atm. There were no perforations or dissections
requiring further intervention, and no postprocedural myocardial in-
farctions (MI) were identified. One nonprocedural death occurred dur-
ing the index admission (cardiac arrest in the setting of mesenteric
ischemia).

As summarized in Table 3, at a median follow-up of 283 (inter-
quartile range [IQR]: 354) days, repeat elective angiography was per-
formed in 19 patients for recurrent symptoms (median: 212, IQR: 188
days), and recurrent ISR of the target lesion was reported in 11 patients
(42%). The Central Illustration depicts the Kaplan-Meier estimate for the
occurrence of recurrent ISR. The Kaplan-Meier survival estimate for
Table 1. Baseline clinical characteristics.

Variable N ¼ 31

Age, y 68.0 � 10.7
Male sex 24 (78%)
Race
Black 1 (3%)
Caucasian 20 (65%)
Hispanic 1 (3%)
Other 9 (29%)

Diabetes mellitus 18 (58%)
Hypertension 24 (77%)
Cerebrovascular accident 4 (13%)
Peripheral arterial disease 10 (29%)
Prior coronary artery bypass graft 21 (68%)
Smoking history 5 (16%)
Thoracic radiation treatment history 1 (3%)
Clinical presentation
High-grade angina 25 (81%)
Non-ST-elevation myocardial infarction 4 (13%)
Cardiogenic shock 2 (6%)

Ejection fraction, % 46.0 � 12.8
Creatinine, mg/dL 1.4 � 1.3

Data presented as mean � SD or n (%).
event-free survival at the longest follow-up available was 44.7% (95%
CI, 26.1%-76.5%). The Kaplan-Meier survival estimate for event-free
survival at 1 year was 66.2% (95% CI, 49.3-88.9). The pattern of recur-
rent ISR was in the same location as the index lesion in 8/11 (80%)
patients and 2/11 (20%) had progression to a chronic total occlusion
(Figure 3). One angiogram was not available for review. Recurrent ISR
was treated by brachytherapy (4 patients), repeat P-DCB (1 patient),
balloon angioplasty (2 patients), laser atherectomy (1 patient), medical
therapy (2 patients), and 1 patient with graft vessel ISR had revascu-
larization of the native chronically occluded artery (Table 3). There was
no difference in outcome by the specific balloon used.
Discussion

In this report, we describe our institutional experience with the use
of paclitaxel-coated P-DCB in the treatment of ISR in coronary lesions in
31 patients. P-DCB was successfully used for ISR treatment in all but 1
patient, and no procedural adverse events were noted. In this high-risk
population, there was a high rate of symptom-related repeat angiog-
raphy during the follow-up period, with 19 patients undergoing coro-
nary angiography and 11 patients having recurrent ISR necessitating
treatment.

ISR remains a significant clinical problem even in the contempo-
rary DES era. While the proportion of patients with ISR is decreasing
Table 2. Index procedure summary.

Variable N ¼ 31

Target vessel
Left main 3 (10%)
Left anterior descending 2 (7%)
Left circumflex 4 (13%)
Right coronary artery 11 (35%)
Bypass graft 10 (32%)

In-stent restenosis
First time 14 (45%)
Recurrent 17 (55%)

Prior brachytherapy 4 (13%)
Access
Radial 3 (10%)
Femoral 28 (90%)

Contrast volume, mL 145.0 � 84.3
Radiation time, min 29.1 � 12.2
Radiation dose, Gy 2094.8 � 1990.0
Length of stay, d 4.3 � 8.9

Data presented as mean � SD or n (%).
P-DCB, peripheral drug-coated balloon.



Table 3. Repeat angiography and intervention summary.

Clinically indicated repeat angiography N ¼ 19

Days to repeat angiography 212 (188)
Recurrent ISR 11 (34%)
Treatment of recurrent ISR
Balloon angioplasty 2/11 (18%)
Brachytherapy 4/11 (36%)
Laser atherectomy 1/11 (9%)
Repeat P-DCB 1/11 (9%)
Native vessel revascularization 1/11 (9%)
Medical management only 2/11 (18%)

Data presented as median (IQR) or n (%).
ISR, in-stent restenosis; P-DCB, peripheral drug-coated balloon.
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due to increasing usage of DES and optimal image-guided stent
implantation techniques, data from the Veterans Affairs Clinical
Assessment and Tracking (VA-CART) registry demonstrate that ISR
lesions comprise 10.5% of percutaneous coronary intervention (PCI)
procedures.4 Similarly, data from the National Cardiovascular Data
Registry showed that 10.6% of the 5,100,394 patients who underwent
PCI between 2009 and 2017 underwent treatment for ISR lesions.5

Further, when ISR occurs, it is becoming increasingly more chal-
lenging to treat.20,21 ISR seen in DES (DES-ISR) is different in both
pattern and histopathology when compared to bare metal stent ISR
(BMS-ISR). When compared to BMS-ISR, DES-ISR is usually more focal
in nature and is characterized by proteoglycan-rich neointimal hy-
perplasia with a smaller proportion of vascular smooth muscle cells.22

However, DES-ISR is less likely to be successfully treated with first-line
approaches like placement of a DES compared with BMS-ISR.23 This
may be secondary to a variety of reasons, including innate resistance
to the antiproliferative drug on the DES, or due to deployment of the
stent in small coronary arteries or bifurcation side branches that are at
higher risk of restenosis.24
Central Illustration.
Survival from recurrent in-stent restenosis (ISR) after treatment with peripheral drug-coated b
were free of ISR at a median follow-up of 283 days, and interquartile range of 354 days. Repea
recurrent ISR.
DCB is 1 potential therapy that may be employed for the treatment
of ISR, and unlike the placement of a DES, this strategy leaves no
scaffold behind. Therefore, the sustained effect of the drug is purely
dependent on the properties of the drug and the excipient carrier itself.
Paclitaxel is a highly lipophilic and potent microtubular inhibitor whose
properties permit passive absorption through cell membranes, thus
allowing a sustained effect on cell proliferation after the balloon is
removed from the patient.25 Conversely, antiproliferative agents such as
sirolimus and everolimus are less lipophilic and have demonstrated less
reliable uptake and response without significant engineering of the
excipient for drug delivery.26 At present, only P-DCB are available for
commercial use within the United States, with several trials of dedicated
coronary DCB either in the planning stages or currently underway.

Available data has demonstrated paclitaxel-based dedicated coro-
nary DCB to have similar outcomes as DES for the treatment of both
BMS-ISR and DES-ISR and superior outcomes to plain old balloon an-
gioplasty (POBA). Scheller et al17 compared DCB to POBA in the
treatment of BMS-ISR and demonstrated that at 6 months follow-up,
angiographic restenosis was 43% in the POBA group vs 5% in the
DCB group (P < .002). In the Intracoronary Stenting and Angio-
graphic Results: Drug-Eluting Stent In-Stent Restenosis: 3 Treatment
Approaches (ISAR-DESIRE 3) trial, there was no significant difference
in the primary end point of percent diameter stenosis at 6 to 8
months of follow-up when comparing DCB to DES.16 In the Reste-
nosis Intra-stent of Bare-Metal Stents: Paclitaxel-eluting Balloon vs.
Everolimus-eluting Stent (RIBS V) trial, while the primary outcome of
minimum lumen diameter was significantly greater in patients
receiving a DES, the secondary outcomes including major adverse
cardiovascular events and binary restenosis were not significantly
different.27 Though notably, this study was underpowered for clinical
outcomes. Several other meta-analyses and clinical trials have re-
ported similar outcomes with DES showing larger acute luminal gain
but typically no significant difference in clinical outcomes.18,28,29
alloon. Kaplan-Meier time-to-event survival curves demonstrate only 44.7% of patients
t elective angiography was performed in 19 patients, 11 of whom exhibited evidence of



Figure 3.
Patterns of in-stent restenosis (ISR). Panels A-C are a representative example of recurrent ISR after paclitaxel peripheral drug-coated balloon (P-DCB) treatment. Panels D-F are a
representative example of progression to complete total occlusion after treatment with P-DCB. (A) Ostial ISR of the right coronary artery (arrow). (B) Improvement of ISR post P-DCB. (C)
Recurrence of ostial ISR. (D) Ostial and proximal ISR of saphenous vein graft to the right posterior descending artery. (E) Improvement of ISR post P-DCB; (F) Recurrence of ISR with
progression to complete total occlusion.

M.V. Madhavan et al. / Journal of the Society for Cardiovascular Angiography & Interventions 3 (2024) 101262 5
Most recently, a meta-analysis of 10 randomized clinical trials sug-
gested that while repeat stenting with DES may be associated with
moderately lower rates of target lesion revascularization at 3 years
compared with DCB, rates of the primary safety end point of
all-cause death, MI, and target lesion thrombosis were similar after
DES when compared with DCB.30 Most recently, Scheller and col-
leagues demonstrated noninferiority between sirolimus-coated and
paclitaxel-coated balloons in 101 patients with ISR randomized to
these treatment strategies with regards to late-lumen loss at 6
months follow-up.31

Dedicated coronary DCB are widely available and used in Europe
for the treatment of both BMS-ISR and DES-ISR, recently gaining a
Class I recommendation in the ESC/EACTS guidelines. However,
these devices are not currently available in the United States. For
physicians and patients wishing to avoid a second layer of stent,
outside of clinical trials, the current options are limited to balloon
angioplasty alone, atherectomy, brachytherapy, or off-label use of P-
DCB in the coronaries. P-DCB is considerably different than dedicated
coronary DCB, with different drug concentrations and excipients. In
particular, the majority of patients in the present series were treated
with IN.PACT Admiral DCB which relies upon a urea-based excipient
with more crystalline paclitaxel than the LUTONIX device. Greater
particulate embolization has been demonstrated by this device, and
consequently, periprocedural complications would be more
commonly expected and perhaps impact our outcomes.32,33 Most
importantly, the sizes and deliverability are different with the smallest
available balloons being 4.0 mm in diameter and 40mm in length, and
0.035” or 0.038” wire lumens. In the latter half of the time period of
our study, the LUTONIX balloon was introduced on a 0.018” guide
wire compatible platform, and this resulted in a shift in our practice
pattern toward the more deliverable LUTONIX device. In either case,
these limitations typically allow for large proximal and ostial coronary
lesions to be treated with P-DCB, although P-DCB was delivered to
the left internal mammary artery (LIMA) graft in this cohort (including 1
case of distal graft intervention). In this analysis, we demonstrate that
with appropriate lesion selection, P-DCB can be safely used to treat
coronary ISR. There were no periprocedural MI, perforations, clinically
relevant dissections, or deaths related to P-DCB use. As suggested in
the peripheral vasculature literature, the use of DCB can result in the
development of slow flow due to particulate embolization, and this
phenomenon can be associated with adverse outcomes.34

While safe, the rate of recurrent ISR in our population is signifi-
cantly higher than that reported in randomized clinical trials for
dedicated coronary DCB. In Restenosis Intra-Stent of Drug-Eluting
Stents: Drug-Eluting Balloons vs. Everolimus-Eluting Stents (RIBS IV),
the target vessel revascularization (TVR) rate at 1 year was 16% in the
DCB arm.28 In the drug-eluting balloon for in-stent restenosis (DARE)
trial, TVR at 1 year was 8.8% in the DCB arm.18 In our cohort, the rate
ISR at a mean follow-up of 307 days was 34%. This is likely due to the
fact that we studied a very high-risk population. Most patients (97%)
had DES-ISR and more than half the population had recurrent ISR. The
fraction of patients with prior coronary artery bypass graft (CABG)
surgery was 69%, and 30% of target lesions were in the LIMA or SVG.
For comparison, in the DCB arm of the DARE trial, only 19% of pa-
tients had prior CABG and 0.7% of lesions were in SVG. In addition,
given that P-DCB are not designed for the coronary space, the
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adequacy of drug delivery and amount of drug uptake in coronary
lesions is unknown, especially as the pharmacokinetics of these de-
vices are tailored for de novo peripheral arterial disease rather than
coronary ISR. The recently presented AGENT IDE trial demonstrated
significantly lower rates of target lesion failure (cardiac mortality,
target-vessel myocardial infarction [MI], target lesion revasculariza-
tion) with dedicated coronary DCB compared with POBA in the first
480 patients randomized.35 Results of the complete trial population
(N ¼ 600) and other ongoing dedicated coronary DCB trials will
help provide further information regarding the safety and efficacy
of DCB in contemporary PCI practice.

Our study has limitations which should be acknowledged when
interpreting these findings. Inherent to retrospective analysis, our study
is limited by small sample size and selection bias as we have studied a
highly select population with angiographic and/or clinical factors
limiting the ability to offer standard therapies. This was a higher-risk
patient cohort with more than half presenting with recurrent ISR, and
thus, long-term event rates may have reflected this challenging-to-treat
patient population. Additionally, there was variability in the duration of
inflations and reliability of documentation in the electronic medical
record. While repeat angiography was largely clinically driven after P-
DCB treatment, select higher-risk patients may have undergone plan-
ned surveillance angiography to assess for restenosis. Lastly, although
procedural success in this cohort was high, there may have been
additional selected cases in which P-DCB treatment was attempted and
did not cross the lesion of interest which were not captured in the
electronic medical record.
Conclusions

In conclusion, in the absence of commercially available dedicated
coronary DCB, it is feasible to use P-DCB in appropriately selected
patients and lesions for the treatment of ISR. However, the high rates of
target-vessel failure following this treatment modality require further
study.
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