
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​​​​t​p​:​/​/​c​r​e​​a​​​t​i​
v​e​​c​​o​​m​​m​​o​n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​​

Wang et al. Journal of Cardiothoracic Surgery          (2024) 19:653 
https://doi.org/10.1186/s13019-024-03164-1

Journal of Cardiothoracic 
Surgery

†Hui Wang and Sensen Wu contributed equally to the article and 
shared the first author. Yongquan Gu and Jianming Guo are listed as 
co-corresponding authors of this article.

*Correspondence:
Jianming Guo
jianmingguoxuanwu@163.com
Yongquan Gu
gu15901598209@aliyun.com

Full list of author information is available at the end of the article

Abstract
Objective  This study aimed to analyze the safety and mid-term outcomes of a hybrid treatment method combining 
rotational atherectomy (RA) with drug-coated balloon (DCB) angioplasty in patients with femoropopliteal artery 
in-stent restenosis (ISR).

Methods  This single-center retrospective study enrolled patients from January 2018 to March 2022 who had 
femoropopliteal artery in-stent restenosis treated by RA and DCB. Preoperative demographics, operative details, and 
postoperative 12-month follow-up outcomes were analyzed statistically.

Results  38 consecutive patients (31 men; mean age 69.55 ± 9.18 years, range 54–91 years) with Tosaka II (n = 8) and III 
(n = 30) ISR were treated with RA Most patients had a high prevalence of typical vascular comorbidities. Overall, 50% 
of patients had chronic limb-threatening ischemia, and the average lesion length was 155.0 ± 54.8 mm. The primary 
patency rate, assessed by duplex ultrasound at 12 months, was 86.7%; 7.9% (3/38) of patients underwent target lesion 
revascularization (TLR). The overall mortality rate was 2.6% (1/38), and the ulcer healing rate reached 83.3% (5/6), with 
none of these patients requiring amputation. Subgroup analysis based on target lesion length (≥ 200 mm) showed 
that the 12-month primary patency rate was 75.0% for the ≥ 200 mm group and 95.5% for the < 200 mm group. 
Cox univariate regression analysis did not identify any risk factors affecting primary patency rate and freedom from 
clinically driven TLR (CD-TLR) at 12 months.

Conclusions  Rotarex®S combined with DCB seems safe and provides acceptable 12-month primary patency and 
TLR rates in femoropopliteal in-stent restenosis. Well-designed comparative or large registry studies are necessary to 
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Introduction
Due to its low level of invasiveness, few complications, 
and replicable treatments, endovascular therapy is pres-
ently acknowledged as an effective treatment for periph-
eral artery disease (PAD), especially plain old balloon 
angioplasty (POBA), bare metal stent and so on [1]. 
Therefore, lots of stents are implanted in the femoropop-
liteal artery to treat primary lower extremity arterial isch-
emia; however, due to the unique anatomical location, 
strong proliferation ability of smooth muscle cells, com-
plex mechanical forces imposed on these vessels, stent 
fracture, and other reasons, it’s easily lead to femoropop-
liteal artery in-stent restenosis (FP-ISR) [2–5]. According 
to reports, FP-ISR incidence ranged from 19 to 27% at 
12 months to approximately 50% at 24 months and up to 
60% at 36 months [6–8].

In recent years, various endovascular treatments have 
been applied to FP-ISR, and many studies have shown 
that DCB is significantly more effective than POBA; 
primary patency can be maintained at 70.3-92.1% at 12 
months [9–11]. However, for complex long-segment 
lesions, the ability to sustain primary patency over the 
long term has been viewed as a limitation of DCB angio-
plasty [12, 13]. Recent researches on the treatment of 
FP-ISR is beginning to investigate the role of DCB in con-
junction with debulking devices, such as laser, directional 
atherectomy (DA), orbital atherectomy, and RA [14]. 
There are few reports on using RA + DCB for FP-ISR in 
China, so this study focuses on analyzing the mid-term 
outcomes and safety of RA + DCB.

Materials and methods
Study design and patient population
This is a retrospective study of FP-ISR patients treated 
with Rotarex®S (Straub Medical AG, Wangs, Switzer-
land) at our center from January 2018 to March 2022. We 
identified 38 consecutive patients who met the inclusion 
criteria. Patient selection is based on the clinical team’s 
experience at our center and is determined through com-
prehensive discussion among seven chief physicians. 
Patients selected primarily include those with in-stent 
thrombosis and hyperplastic intima, while patients with 
calcified lesions are excluded. The ethical review of the 
study was approved by our center’s ethical review board 
with the ethical approval number [2022] 054, and all 
patients signed an informed consent form prior to treat-
ment, as the study was a retrospective study clinical trial 
number was not applicable.

Procedure
All patients received dual antiplatelet therapy (100 mg/d 
aspirin and 75 mg/d clopidogrel) at the time of the pro-
cedure. A device used in this study was the Rotarex®S 
System, with 6-, 8-French (Fr) sheath-compatible devices, 
depending on the vessel diameter to be treated. One 
attending physician team in the endovascular suite per-
formed the procedures using a fixed image intensifier 
(AX axiom Artis dTA, 55094, Siemens, Germany).

Patients underwent endovascular treatment with local 
anesthesia; access was established by anterograde punc-
ture in the ipsilateral femoral artery or retrograde punc-
ture in the contralateral femoral artery after intravenous 
heparin administration (50–70U/kg) and diagnostic 
angiography. When the catheter reaches the target limb, 
a femoral artery angiogram is performed to clarify the 
extent, scope, and diameter of the lesion. Then, attempt 
to use hydrophilic coated guide wire (Boston Scientific, 
Natick, MA, United States) passed the lesion segment. 
After reaching the distal true lumen, change the special 
0.018-inch wire to match the Rotarex®S system.

During operation, make the Rotarex®S system advance 
along the guide wire at a speed of 0.5  cm/s. When an 
occlusion is met, the rotating head breaks down the 
occlusive material. A second angioplasty was performed 
with a paclitaxel-coated balloon (Orchid, Acotec Sci-
entific Co.Ltd.), and DCB inflation was approximately 
3  min. If > 30% residual stenosis and flow-limiting dis-
section were present, a bailout stent (Medtronic, Bard, or 
Biotronik) was implanted. The procedure was regarded as 
successful when residual stenosis < 30%.

Follow-up
Dual antiplatelet therapy will be continued for at least 
six months after discharge from the hospital; all patients 
underwent surveillance by lower limb duplex ultrasonog-
raphy by the following schedule: 3rd month, 6th month, 
and 12th month.

Definitions and study endpoint
Assessment of FP-ISR stenosis using the TOSAKA clas-
sification [15]. Class I ISR (focal, ≤ 50  mm in length) 
included lesions in the stent body, at the stent edge, or 
a combination of these sites. Class II refers to diffuse 
(> 50  mm long) ISR lesions in the stent body or at the 
stent edges. Class III was an occluded stent.

The primary patency at 12-month follow-up was 
the primary endpoint in this study(primary patency 

provide high quality and long-term data on this technique to provide firm conclusions on the efficacy of Rotarex®S 
and DCB in ISR in the femoropopliteal area.
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was defined as a<50% diameter reduction based on 
duplex criteria of a proximal systolic peak flow velocity 
ratio > 2.4). Secondary endpoints were technical success 
(technical success was defined as successful lesion cross-
ing and final residual stenosis < 30% for a treated lesion.), 
freedom from CD-TLR at 12-months, clinical success 
(improvement in clinical Rutherford-Becker category at 
3-, 6- and 12-months after operation). Safety endpoints 
included all-cause death, unplanned major amputation, 
and adverse events (flow-limiting dissection, hematoma, 
perforation, urgent target lesion thrombolysis). Subgroup 
analyses were performed for lesions greater than 200 mm 
and less than 200 mm in length to explore whether there 
were differences when treating different lengths in this 
manner.

Statistical analysis
Data are expressed as proportions for dichotomous vari-
ables and as the mean ± SD or median and interquartile 
range (IQR) for continuous variables. The Kaplan- Meier 
method estimated freedom from CD-TLR and primary 
patency rates. An exploratory COX univariate regres-
sion analysis was performed to identify predictors of 
any recurring restenosis. Known predictors (including 
lesion length, Tosaka class III restenosis pattern, bail-
out stent, plus age and gender as background variables) 
were included. A probability value of p<0.05 was consid-
ered statistically significant. All analyses were performed 
using SPSS 27.0 software (SPSS Inc., Chicago, IL, United 

States). The figures in this paper were made by GraphPad 
Prism 9.4.1(GraphPad Software, LLC.).

Results
This is a single-center retrospective observational study 
of 38 patients (31 men; mean age 69.55 ± 9.18 years, range 
54–91 years) with FP-ISR treated with RA from January 
2018 to July 2022. Most patients with a high prevalence 
of typical vascular comorbidities, including diabetes 
mellitus (68.4%), hypertension (76.3%), hyperlipidemia 
(65.8%), coronary artery disease (42.1%), cerebrovascular 
disease (21.1%), smoking history (42.1%). A significant 
proportion of ISR patients received guideline-directed 
medical therapy (antiplatelet, statin). The mean ABI was 
0.79 ± 0.23 before the operation. Half of the patients in 
our trial had a Rutherford grade of 4–5 (Table 1).

The average lesion length of the target lesion was 
155.0 ± 54.8  mm, with superficial femoral artery (SFA) 
alone (60.5%) and SFA + popliteal artery (PA) (39.5%) 
vessel segments as the most treated. Among them, early 
ISR patients account for 24.7%, while late ISR patients 
account for 76.3%. During the procedure, overall pro-
cedure success was achieved in 38 (100%) patients; 3 
patients used a filter, flow-limiting dissection occurred in 
4 patients, one had subcutaneous hematoma, and there 
were ten bailout stent implantations (Table 2).

All these patients had a follow-up time of over 12 
months. The primary patency rate was 84.1%, and the 
freedom from CD-TLR rate was 92.1% at 12 months 

Table 1  Patient demographics and clinical characteristics of 38 patients in the study
Characteristic Values(N = 38)
Age (years) 69.55 ± 9.18
Gender
  Male 31(81.6%)
  Female 7(18.4%)
Comorbidities
Diabetes mellitus 26(68.4%)
Hypertension 29(76.3%)
Hyperlipidemia 25(65.8%)
Coronary artery disease 16(42.1%)
Cerebrovascular disease 8(21.1%)
Smoking history 16(42.1%)
Chronic kidney disease 1(2.6%)
Aspirin 25(65.8%)
Clopidogrel 17(44.7%)
Statin 32(84.2%)
ABI 0.41 ± 0.18
Rutherford classification
  Class 2 2(5.3%)
  Class 3 17(44.7%)
  Class 4 13(34.2%)
  Class 5 6(15.8%)
ABI: ankle brachial index

Continuous data are presented as the mean ± standard deviation; categorical data are given as the number (percentage)
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(Table  3; Fig.  1). Overall mortality was 2.6% (1/38); one 
patient died of coronary artery disease 11 months after 
surgery, the ulcer healing rate reached 83.3% (5/6), and 
none of these patients needed amputation (Table 3). The 
mean ankle-brachial index (ABI) was 0.83 ± 0.13 before 
discharge; the change in the Rutherford category at 3-, 6-, 
and 12-month follow-up is presented in Fig. 2.

To further investigate RA’s therapeutic efficacy 
for patients with different characteristics of FP-ISR, 
a subgroup analysis was performed based on a tar-
get lesion length of ≥ 200  mm. Comparing the lesion 
length ≥ 200  mm group and < 200  mm group, the 
12-month primary patency was 75.0% and 95.5%; the 
freedom from CD-TLR at 12 months was 87.5% and 
95.5%, respectively (Fig.  3). Subgroup analysis was not 
performed according to ISR classification because most 

patients were TOSAKA III. COX univariate regres-
sion analysis didn’t find risk factors affecting the pri-
mary patency and freedom from CD-TLR (supplement 
material).

Discussion
Our study demonstrates that using RA and DCB for 
treating FP-ISR lesions during the perioperative period 
is associated with higher safety. All patients underwent 
successful surgery without any adverse events, and all 
patients were limb-salvage. Only one patient died due 
to coronary artery disease. During the 1-year follow-up 
period, there was a higher initial patency rate and free-
dom from clinically driven target lesion revasculariza-
tion. Subgroup analysis based on lesions ≤ 200  mm did 

Table 2  Angiographic and procedural characteristics
Variables Values
Vessels involved
  SFA 23(60.5%)
  PA 0(0%)
  SFA + PA 15(39.5%)
Average lesion length, mm 155.0 ± 54.8
Tosaka classification
  Tosaka I 0(0%)
  Tosaka II 8(21.1%)
  Tosaka III 30(78.9%)
ISR classification
  early ISR 9(24.7%)
  late ISR 29(76.3%)
Approach
  Ipsilateral 7(18.4%)
  Contralateral 31(81.6%)
Technical success 38(100%)
Filter used 3(7.9%)
Bailout stenting 10(26.3%)
Embolization 6(15.8%)
Thrombolysis 0(0%)
Dissection (Flow-limiting) 4(10.5%)
Hematoma 1(2.6%)
Perforation 0(0%)
PA: popliteal artery; SFA: superficial femoral artery, ISR: in-stent restenosis

Continuous data are presented as the mean ± standard deviation; categorical data are given as the number (percentage)

Table 3  12 Months outcome for femoropopliteal in-stent restenosis treated with rotational atherectomy
Variables Values
Primary patency at 12 months 32/38(84.1%)
Freedom from CD-TLR at 12 months 35/38(92.1%)
Healing at 12 months 5/6 (83.3%)
ABI (post operation) 0.79 ± 0.23
Major amputation 0/38(0%)
Death 1/38(2.6%)
CD-TLR: clinically driven target lesion revascularization, ABI: Ankle–brachial index, Categorical data are given as the counts (percentage), Continuous data are 
presented as the mean ± standard deviation
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not reveal statistically significant differences in primary 
patency or CD-TLR between the two groups.

The mechanisms of FP-ISR are complex and include 
progression of atherosclerosis, inadequate postoperative 
anticoagulation therapy, and continuous intimal com-
pression resulting in smooth muscle cell migration and 
proliferation, as well as massive extracellular matrix for-
mation and release of various inflammatory cytokines; 

FP-ISR can be caused by any of these factors [16, 17]. In 
the early stage, ISR is mainly caused by platelet aggrega-
tion and thrombosis due to endothelial injury. Late ISR 
is primarily due to an inflammatory response induced by 
long-term stimulation of the endothelium by the stent. 
This results in smooth muscle cell proliferation, extracel-
lular matrix formation, and a reduction in luminal diam-
eter [18, 19].

Fig. 2  The change in Rutherford category at 3-, 6-, 12-month follow-up

 

Fig. 1  Kaplan–Meier survival curves showing 12-month (A) primary patency rate and (B) freedom from target lesion revascularization (TLR)
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To effectively solve the problem of FP-ISR, many schol-
ars have proposed and studied various methods for treat-
ing ISR, such as POBA, bare metal stent, cutting balloon, 
DCB, drug-eluting stent, resorbable scaffolds, etc. POBA 
is the oldest treatment for FP-ISR; however, the midterm 
and long-term results were disappointing [13, 20]. Tosaka 
et al. [15] retrospectively analyzed 133 cases of FP-ISR; 
the recurrent ISR rate was 49.9% in Class I, 53.3% in Class 
II, and 84.8% in Class III after POBA treatment at two 
years. Repeat bare metal stent implantation is not recom-
mended because it can further stimulate the inflamma-
tory response, leading to recurrent stenosis [6, 21, 22].

Because intimal hyperplasia is the main contributor to 
ISR, which differs from de novo atherosclerotic lesions, 
in recent years, DCB has been widely used in the FP-ISR. 
When the DCB is inflated, the antiproliferative drug is 
released into the vessel wall, inhibiting intimal hyper-
plasia and inflammation caused by local vascular injury; 
some studies showed that DCB is advantageous in reduc-
ing TLR and recurrent ISR [11, 23]. However, debulking 
combined with DCB appears to provide more definitive 
efficacy for long-segment complex lesions. Endovascular 
debulking devices could be divided into four categories: 
directional, rotational, orbital, and laser atherectomy 
[24]. This paper conducted a 1-year follow-up study on 
FP-ISR patients receiving RA treatment, which proved 
the effectiveness and safety of RA.

The Straub Rotarex®S catheter tip comprises two over-
lying metal cylinders with two side openings. The inner 
cylinder is connected to the catheter shaft, and the outer 
cylinder is connected to the rotating helix. The outer 
cylinder is fitted with facets at its foremost head, which, 
when working, abrade thrombotic material lying in front 
of it. The helix and the catheter tip rotate at 40,000–
60,000  rpm; when a thrombotic occlusion is met, the 
rotating head breaks down the material with its small, 

blunt facets in its forward aspect. At the same time, the 
rotation of the catheter tip creates a vortex effect in the 
circulation, which helps to erode occlusive material from 
the vessel lumen [25–27] further.

Due to its unique working method, the Rotarex®S 
device not only can remove thrombi and emboli from the 
peripheral arterial system without thrombolytics used 
in the treatment of acute mesenteric ischemia or acute 
limb ischemia but also is a purely mechanical endovascu-
lar atherectomy [28–30]. Liao et al. [31] reported on RA 
angioplasty in 32 patients with FP-ISR at 12-month fol-
low-up, primary patency (86.2%), and freedom from TLR 
(89.7%), consistent with our study’s results. According to 
retrospective multicenter research, the primary clinical 
success/patency rate for the Rotarex®S device in periph-
eral artery ISR was 92.3% at 12-month follow-up, and the 
TLR rate was 19.5% [32].

Clinically, the distinction between long and short 
lesions is typically made at 150–200 mm. To investigate 
whether there is any significant difference between long 
and short lesions when treated with RA, a subgroup 
analysis was carried out in this research using 200 as the 
border. There was no statistically significant difference 
because both groups used the RA method. However, 
some studies have indicated that Debulking may offer a 
statistically meaningful benefit for long-segment compli-
cated FP-ISR lesions [33, 34].

Although many studies have confirmed the safety and 
efficacy of RA, the following points should be noted dur-
ing operation: First, to prevent incomplete aspiration 
caused by the head end of the aspiration catheter being 
advanced too quickly and the embolus being rushed 
to the distal end by the blood flow, which may result 
in a distal artery embolism, it is advised to first slowly 
advance the aspiration catheter from the proximal end to 
the distal end. Second, halt the procedure immediately if 

Fig. 3  Kaplan–Meier survival curves for subgroup analysis 12-month (A) primary patency rate and (B) freedom from target lesion revascularization (TLR)
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you hear anything unusual during the operation to pre-
vent damaging the stent or vessel wall, then remove the 
catheter for flushing to ensure safety. Finally, a filter may 
be considered to lessen the likelihood of embolic com-
plications when patients only have one outflow pathway 
below the knee.

Limitation
Our study has several limitations inherent to its design. 
First, selection bias may have influenced the results due 
to the study’s retrospective nature and single-center 
design. The patient cohort was limited to those treated 
at a single institution, which may not fully represent the 
broader population of patients with femoropopliteal in-
stent restenosis (FP-ISR). Second, the sample size of 38 
patients may have limited the statistical power to detect 
smaller, yet clinically relevant differences. This could lead 
to type II statistical errors. Third, the study’s generaliz-
ability is restricted by its single-center setting and the 
specific demographic and clinical characteristics of the 
patient population, which included a predominance of 
older male patients with multiple vascular comorbidities. 
Therefore, caution should be exercised when applying 
these findings to populations with different demographic 
profiles or healthcare settings. Additionally, scientific and 
clinical evidence suggests that IVUS is highly beneficial 
for complete control of intravascular revascularization. 
However, due to reasons such as availability, we did not 
perform IVUS on the patients. Instead, we have used 
DSA from various angles to comprehensively assess the 
results of vascular reconstruction. Despite these limita-
tions, the study provides valuable insights into the out-
comes of rotational atherectomy in treating FP-ISR. 
Future research with larger, multicenter cohorts and 
diverse patient populations could further elucidate the 
effectiveness and generalizability of these findings.

Conclusions
Rotarex®S combined with DCB seems safe and provides 
acceptable 12-month primary patency and TLR rates in 
femoropopliteal in-stent restenosis. Well-designed com-
parative or large registry studies are necessary to provide 
high quality and long-term data on this technique to pro-
vide firm conclusions on the efficacy of Rotarex®S and 
DCB in ISR in the femoropopliteal area.
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