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Abstract

Introduction: Femoropopliteal (FP) Tosaka class Ill in-stent restenosis (ISR) lesions remain a significant clinical prob-
lem and optimal revascularization management including the use of drug-coated balloon (DCB) and debulking de-
vices has the potential to improve the outcomes for these patients.

Aim: To compare clinical outcomes of debulking plus DCB with DCB alone in Tosaka Ill FP-ISR treatment in a Chinese
population.

Material and methods: This was a single-center retrospective study of patients who underwent endovascular in-
terventions of debulking plus DCB or DCB alone for Tosaka Il FP-ISR lesions. One-year primary patency was the
main outcome. Other outcome measures are 12-month freedom from clinical-driven target lesion revascularization
(f-CD-TLR), technical success rate, and periprocedural complications.

Results: A total of 80 patients with Tosaka Il FP-ISR were included; 39 were treated with debulking plus DCB, among
whom 22 were treated with laser atherectomy (LA) plus DCB and 17 were treated with rotational atherectomy
(RA) plus DCB. 41 were treated with DCB alone. 12-month primary patency was significantly different between the
debulking + DCB and DCB groups (87.2% vs. 65.9%, p = 0.039). in the subgroup comparison, no significant difference
was found between the LA + DCB and RA + DCB groups (86.4% vs. 88.2%, p = 0.842). There were also no significant
differences in the group and subgroup comparison of 12-month f-CD-TLR, technical success rate, and periprocedural
complications.

Conclusions: In this small preliminary experience, combined treatment with debulking and DCB angioplasty is cor-
related with better outcomes in 1-year primary patency for Tosaka Il FP-ISR lesions.
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Introduction good results [2]. Drug-coated balloons (DCBs) are an

Femoropopliteal in-stent restenosis (FP-ISR) is
a challenging issue to treat considering the poor
short-term patency and high possibility of target
lesion revascularization (TLR) [1]. Debulking treat-
ment has been attempted to improve patency by
reducing the restenotic tissue burden. However, only
a few studies using debulking devices have reported

emerging therapeutic means and several random-
ized controlled trials have shown their superiority
compared to plain old balloon angioplasty (POBA)
in FP-ISR treatment [3, 4]. The debulking of in-stent
lesions may potentially improve DCB effects by re-
ducing the thrombus or hyperplastic tissue and ad-
vancing paclitaxel dosage transit to the intima [5].
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Multiple studies have demonstrated that debulking
plus DCB has better results than debulking alone
[6, 7], yet few studies have been published compar-
ing debulking plus DCB with DCB alone in FP-ISR
treatment. This paper aims to complete this com-
parison treating Tosaka Ill FP-ISR from our center’s
experience in 1-year follow-up.

Aim
The aim of this study was to compare clinical

outcomes of debulking plus DCB with DCB alone in
Tosaka Il FP-ISR treatment in a Chinese population.

Material and methods

Patient population and clinical
characteristics

This is a single-center, retrospective study and
ethical approval was obtained from the hospital
review board and human investigations committee
(protocol number: 2021152). Patients with Tosaka IlI
FP-ISR lesions treated with debulking plus DCB or
DCB alone from January 2017 to August 2020 were
enrolled. The inclusion criteria were as follows:
(1) patients aged 45 years or older; (2) subacute
or chronic symptoms with Rutherford category
lI-1V; (3) the presence of Tosaka Il FP-ISR lesions;
and (4) the lesions can be treated with the avail-
able debulking devices and Acotec Orchid DCB.
According to the standard protocols, the patients’
characteristics such as age, gender, morbidities, risk
factors and Rutherford classification were collected.
Patients with normal renal function also had com-
puted tomographic angiography (CTA) to further
assess the operation-detailed strategy including
arterial anatomy, total occlusive lesions, calcified
lesions, stent fracture, etc. The ankle-brachial index
(ABI) measurements were taken as a physical ex-
amination.

Endovascular procedures

Before the endovascular procedure, all the pa-
tients were prescribed dual antiplatelet therapy of
aspirin 100 mg/day and clopidogrel 75 mg/day for at
least 3 days. Patients were treated by an experienced
team in the endovascular suite under local anesthe-
sia or intravenous sedation when necessary. During
the procedures, 6-8 French sheaths were used for ar-
tery access. Retrograde popliteal or below-the-knee

Videosurgery and Other Miniinvasive Techniques 1, March/2023

in-stent restenosis lesions

access was acceptable when the antegrade approach
failed. True luminal or sub-neointimal recanalization
was performed on in-stent total occlusions (using
a 0.035 or 0.018-inch hydrophilic guidewire). Debulk-
ing devices, including a 2.3 or 2.5 mm excimer laser
(Spectranetics, USA), or a 6F Rotarex catheter (Straub
Medical, Switzerland), were employed at the discre-
tion of the endovascular specialists. At least one
plain balloon was used for vessel preparation before
DCB dilations. All patients were treated with Orchid
DCB (Acotec, China) coated with 3.0 ug of paclitaxel
per mm? and magnesium stearate as the excipient.
The diameter of the DCB was equal to or 0.5 mm
larger than the plain balloon. The length of all the
DCBs used was sufficient to cover the entire lesions.
A successful procedure was defined as residual ste-
nosis < 30%. After DCB angioplasty, bailout stenting
(including stent-in-stent and stent distally or proxi-
mately to the ISR lesion) was deployed according to
the endovascular surgeon’s judgment based on the
evidence of in-stent fracture and flow-limited dissec-
tion at the proximal or distal segment of the stent
as to the optimal treatment of the lesions. Self-ex-
panding stents (Medtronic, USA; Bard, USA; Biotron-
ik, Germany) were available in diameters of 4-6 mm
and in lengths up to 150 mm. Associated below-the-
knee lesions were allowed to be treated with a plain
balloon in order to obtain good runoffs.

Follow-up

All patients were prescribed dual antiplatelet
therapy for at least 6 months after the procedure,
which was changed to one agent after that. All pa-
tients underwent color coded Doppler ultrasound
(CDUS) and ABI surveillance after 3, 6, and 12
months and subsequently annually after the proce-
dure, or any time when suffering limb discomfort.
The deadline for follow-up was August 2021, when
the scheduled follow-up for all patients was longer
than 12 months.

Endpoints and periprocedural data

The main outcome measure was 12-month pri-
mary patency defined by freedom from restenosis
of the target lesion during follow-up. Restenosis was
defined as > 50% diameter reduction based on the
criterion of a proximal systolic peak flow velocity ra-
tio > 2.4 detected by CDUS [8]. Other outcome mea-
sures were freedom from 12-month CD-TLR, techni-
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cal success rate, periprocedural complications such
as death, limb-threatening ischemia, embolization
and hematoma. Lesion length and bailout stent im-
plantation were also recorded in the procedure.

Ethics approval

The study was performed in accordance with
the Declaration of Helsinki. The Institutional Review
Board of Xuanwu Hospital, Capital Medical Universi-
ty, Beijing, China, approved the study and informed
consent was waived because of the retrospective
nature. Protocol number: 2021152.

Statistical analysis

Statistical analysis was performed using SPSS
version 19.0 (IBM SPSS, Armonk, NY, USA). Com-
parison of the categorical variables between the
two groups was performed using a chi-square (x?)
test (using Fisher’s test when n < 30). Comparison
of continuous variables was investigated using the
t-test for independent-samples. Time-to-event end-
point analysis was performed using the Kaplan-Mei-
er (log-rank) method. P-value < 0.05 indicated a sta-
tistically significant difference.

Results

Patient characteristics

Eighty consecutive patients were included in this
retrospective study. All of them were successfully

treated by the endovascular approach with subse-
quent completion of scheduled follow-up. The sub-
jects were divided into two groups on the basis of
the procedure method: debulking + DCB group (n =
39) and DCB group (n = 41). In order to distinguish
the debulking approach, the debulking + DCB group
was then divided into the subgroups LA + DCB and
RA + DCB. Overall patients were aged between 51
and 88 years (mean age: 70.83 +9.04 years). The
baseline demographic and concomitant disease
characteristics were similar in the two groups and
two subgroups (Tables I and I).

Follow-up results and operative details

Measurement results and operative details are
shown in Tables Ill and IV. Rutherford classification
improved by at least one scale in 81.3% (65/80) of
limbs at 1 year follow-up. The mean ABI was 1.00
+0.29, increasing significantly from the baseline val-
ue of 0.55 +0.28 (p < 0.001). The twelve-month pri-
mary patency rate was 87.2% (34/39) in the debulk-
ing + DCB group, and 65.7% (27/41) in the DCB group
(Figure 1), with a significant difference (p = 0.039).
In the analysis of subgroups, the 12-month primary
patency rates in the LA + DCB and RA + DCB group
were 86.4% (19/22) and 88.2% (15/17) respectively
(Figure 2), with no significant difference (p = 0.842).
There was no significant difference between the two
groups and subgroups in the 12-month f-CD-TLR
(p = 0.172 and 0.820). One patient suffered acute

Table I. Baseline characteristics in patients treated with debulking plus DCB vs. DCB alone

Parameter Debulking + DCB DCB P-value
Age [years] 71.87 £8.13 69.83 +9.82 0.315
Gender (n, male/female) 28/11 32/9 0.518
Hypertension (n, yes/no) 17/22 17/24 0.848
Diabetes (n, yes/no) 15/24 19/22 0.476
Smoker (n, yes/no) 17/22 16/25 0.678
Dyslipidemia (n, yes/no) 25/14 30/11 0.382
Coronary artery disease (n, yes/no) 10/29 12/29 0.716
Cerebrovascular disease (n, yes/no) 6/33 9/32 0.452
Rutherford classification (n):

1l 28 26 0.424

\% 8 10 0.678

V 3 5 0.502
ABI 0.57 £0.29 0.54 £0.26 0.723
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Table II. Baseline characteristics in patients treated with LA plus DCB vs. RA plus DCB

Parameter LA + DCB RA + DCB P-value
Age [years] 71.36 +8.96 72.53+7.12 0.663
Gender (n, male/female) 16/6 12/5 0.883
Hypertension (n, yes/no) 10/12 7/10 0.789
Diabetes (n, yes/no) 9/13 10/7 0.267
Smoker (n, yes/no) 11/11 9/8 0.855
Dyslipidemia (n, yes/no) 17/5 13/4 0.953
Coronary artery disease (n, yes/no) 7/15 6/11 0.819
Cerebrovascular disease (n, yes/no) 8/14 6/11 0.945
Rutherford classification (n):
I 14/8 11/6 0.945
\% 6/16 5/12 0.883
V 2/20 1/16 0.709
ABI 0.52+0.23 0.55 +0.20 0.914
Table Ill. Outcome measures in patients treated with debulking plus DCB vs. DCB alone
Parameter Debulking + DCB DCB P-value
Technical success, % 100 100 -
Lesion length [cm] 16.12 +4.61 14.90 £3.78 0.198
Bailout stent (n, yes/no) 5/34 5/36 0.933
Bailout stent length [mm] 6.00 +1.41 5.60 +0.89 0.777
12-month primary patency 34/39 = 87.2% 27/41 = 65.9% 0.039
12-month f-CD-TLR 35/39 =89.7% 32/41 =78.0% 0.172
Periprocedural complications:
Death 0 0 -
Limb-threatening ischemia 0 1 0.326
Embolization 4 2 0.361
Hematoma 2 1 0.527
ABI 1.02 +0.31 0.99 +0.27 0.826
Table IV. Outcome measures in patients treated with LA plus DCB vs. RA plus DCB
Parameter LA + DCB RA + DCB P-value
Technical success, % 100 100 -
Lesion length [mm] 16.89 +5.07 15.14 +3.86 0.245
Bailout stent (n, yes/no) 6/16 5/12 0.883
12-month primary patency 19/22 = 86.4% 15/17 = 88.2% 0.842
12-month f-CD-TLR 20/22 =90.9% 15/17 = 88.2% 0.820
Periprocedural complications:
Death 0 0 -
Limb-threatening ischemia 0 0 -
Embolization 1 3 0.181
Hematoma 1 1 0.851
ABI 1.04 £0.25 1.01+0.29 0.867
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Figure 1. Kaplan-Meier curves showing 12-month
primary patency of patients treated with debulk-
ing plus DCB and DCB alone

thrombosis 2 days after the procedure and received
re-intervention by in-stent catheter-directed throm-
bosis and bailout stent. Embolization was seen in
a below-the-knee artery and removed by a 4F cath-
eter in 2 patients in the DCB group, 1 patient in the
LA + DCB group, and 3 patients in the RA + DCB
group. Three hematomas were all healed by conser-
vative observation and pressure therapy.

Discussion

Tosaka Il FP-ISR (in-stent occlusion) remains
a significant clinical challenge for endovascular spe-
cialists compared with treatment for Tosaka | (FP-ISR
< 5cm)and Il (FP-ISR > 5 cm) lesions. Stent implan-
tation triggers reorganization of the atherosclerotic
plaque and durative barotrauma to the intima layer,
which leads to complex pathophysiological process-
es initiating smooth muscle cell migration, prolifera-
tion, and over-production of extracellular matrix. The
resulting intimal hyperplasia causes in-stent lumen
loss that causes the occurrence of clinical restenosis
or occlusion [9]. Inadequate antithrombotic treat-
ment, lack of response to drugs, elastic characteris-
tics, poor below-the-knee runoff, length and fracture
of the stent, and control of cardiovascular risk factors
are some of the predictors associated with low pa-
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Figure 2. Kaplan-Meier curves showing 12-month
primary patency of patients treated with LA +
DCB and RA + DCB

tency in previous studies [10]. Although bypass sur-
gery is still considered good treatment of Tosaka IlI
FP-ISR, many patients are not candidates for the tra-
ditional surgery due to severe comorbidities or high
surgical risk.

In 2012, Tosaka et al. reported the results of
POBA for FP-ISR, proposing the Tosaka classification
system to define the patterns of restenosis. In their
observation, totally occluded stents (class Il ISR)
were associated with an increased risk of recurrent
ISR/occlusion and revascularization, compared to
the re-stenotic groups (classes | and Il ISR). This con-
firms the inadequacy of POBA and the need for bet-
ter endovascular techniques to improve the results
in Tosaka Ill FP-ISR lesions.

Debulking devices, including Strub Rotarex, ex-
cimer laser, Jetstream Silverhawk and others, have
been confirmed to be feasible for FP-ISR treatment
with various results of primary patency and f-TLR,
and superior to those of conventional POBA [11-14].
To some extent, debulking techniques could im-
prove the results of FP-ISR treatment by acquiring
more lumen gain compared with POBA. However,
a systematic review and meta-analysis including
12 studies with 743 patients showed that the
12-month primary patency of debulking treatment
was 58.3% and the f-TLR was 68.2% [2]. Therefore,
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debulking techniques still revealed relatively high
restenosis rates and are not considered to be routine
ISR management.

DCB, first used in percutaneous coronary interven-
tion, delivers pharmaceutical ingredients, usually pa-
clitaxel, to de novo or ISR lesions, which could inhibit
smooth muscle cell proliferation and therefore reduce
or delay the restenosis [15]. In the following years,
DCB was tentatively used in the treatment of de novo
or ISR FP lesions. In comparison to POBA, DCB had
a higher patency rate and f-TLR at 6- and 12-month
follow-up in FP-ISR management, and there was no
difference in the incidence of amputation, all-cause
adverse events and mortality [16]. In the IN.PACT
Global Study ISR Cohort [17], a total of 131 subjects
with 149 ISR lesions were included and mean lesion
length was 17.17 £10.47 cm, including 34.0% total
occlusions (Tosaka Ill ISR). The overall 12-month pri-
mary patency was 88.7% and freedom from clinically
driven TLR was 7.3%. There were no major amputa-
tions or deaths, and a low (0.8%) thrombosis rate.
Moreover, several studies suggested that debulking
plus DCB angioplasty has a distinct superiority com-
pared to debulking alone [7, 18].

However, the comparisons of debulking plus DCB
versus DCB alone for Tosaka lll FP-ISR lesions are few.
In 2013, a single-center, prospective, randomized
study compared debulking using laser atherectomy
plus DCB versus DCB alone including 48 patients.
In the debulking + DCB group, the primary patency
rate at 12 months was 66.7%, significantly higher
than 37.5% in the DCB only patients [19]. The paten-
cy rate was not good and perhaps the reason could
be that the early DCB product was not effective due
to the fabrication process and usage method (only
1 min DCB dilatation in this study, compared to
3 min in the recent standard). In our study, the
debulking + DCB and DCB groups both had good ear-
ly-term patency. 12-month primary patency of the
debulking + DCB group was better than that in the
DCB group (87.2% vs. 65.9%, p = 0.039).

Our study has a number of limitations. First of
all, selection bias cannot be completely excluded.
Second, this was a retrospective study and it should
be evaluated in the context of retrospective research
and its limitations. In addition, it involved only a rel-
atively small group of patients and 1-year follow-up;
more subjects and longer-term follow-up perhaps
might have led to different conclusions.

Videosurgery and Other Miniinvasive Techniques 1, March/2023

in-stent restenosis lesions

Conclusions

Both debulking plus DCB and DCB alone are safe
and effective for Tosaka Il FP-ISR lesions. Combined
treatment with debulking and DCB angioplasty is
correlated with better outcomes in 1-year primary
patency for Tosaka Ill FP-ISR lesions. High-quality
randomized clinical trials are needed to evaluate
these two methods.
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