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Original Article

Aim: Although the InnovaTM self-expanding nitinol stent (Boston Scientific, Marlborough, MA) exhibits accept-
able performance in long-term safety and efficacy when used for the treatment of femoropopliteal (FP) lesions, 
clinical outcomes following its implantation have not been systematically studied in real-world settings. We 
investigated the one-year clinical outcomes after implantation of InnovaTM self-expanding nitinol stents for the 
treatment of FP lesions in real-world settings.

Methods: In this multicenter study, 481 lesions in 453 consecutive patients with peripheral artery disease 
(PAD) (74±9 years; male, 70%; diabetes mellitus, 61%; dialysis, 27%; critical limb ischemia, 37%) who under-
went endovascular therapy with the implantation of InnovaTM self-expanding nitinol stents for FP lesions were 
analyzed from February 2016 to April 2017. The primary endpoint was one-year restenosis, whereas the second-
ary endpoints included one-year major adverse limb events and predictors for one-year restenosis.

Results: The mean lesion length was 18±10 cm. One-year restenosis and major adverse limb event rates were 
36% and 18%, respectively. Multivariate analysis revealed that the presence of diabetes mellitus (odds ratio [OR]: 
1.83; 95% confidence interval [CI]: 1.07–3.13), distal reference vessel diameter (OR: 1.86; 95% CI: 1.09–3.16), 
spot stenting (OR: 2.27; 95% CI: 1.27–4.06), and lack of one-year cilostazol treatment (OR: 0.58; 95% CI: 
0.33–1.00) were independent risk factors for one-year restenosis.

Conclusion: The current study demonstrated one-year clinical outcomes after InnovaTM self-expanding nitinol 
stent placement for the treatment of FP lesions, including challenging cases in real-world settings.
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from informed consent. The relevant information 
regarding the study was, instead, open to the public.

Endovascular Therapy
The decision of InnovaTM implantation was left 

to the discretion of physicians. All procedures were 
performed under local anesthesia. For EVT, a 6-F 
sheath was inserted into the femoral artery mostly 
with an ipsilateral or contralateral approach. After a 
5,000 U heparin infusion, 0.035- or 0.014-inch 
guidewires were used to cross the lesions. The lesions 
were expanded using an optimal balloon according to 
angiographic examination of the reference vessel. Prior 
to stent implantation, the guidewire was replaced with 
a 0.035-inch guidewire that was compatible with the 
stent delivery system. Regarding the stenting strategy, 
spot stenting or full covered stenting were chosen by 
the operators’ discretion. Although the entire lesion 
length was covered in the full covered stenting group, 
the entire lesion length was not covered with stents 
and stents were implanted only in the lesions that 
acute results after balloon dilation were insufficient 
due to residual stenosis or dissectionin the spot stent-
ing group. The stent size was chosen to be 1 or 2 mm 
larger than the reference vessel diameter in accordance 
with the instructions provided by the manufacturer 
for the use of InnovaTM self-expanding stent. Although 
we decided stent sizes based on reference vessel diame-
ters measured by intravascular ultrasound (IVUS) in 
patients with IVUS use (68%), we selected stent sizes 
based on reference vessel diameters measured by quan-
titative vessel angiography (QVA) in those without 
IVUS use. A final post-dilatation was performed with 
a balloon with a size equivalent to the distal vessel 
diameter. Balloon pre- and post-dilatation were con-
sidered to be necessary, according to the physician’s 
judgment. Antiplatelet and anticoagulant regimens 
were used according to the physician’s discretion based 
on the patient’s condition.

Follow-Up
Patients who underwent EVT for the treatment 

of FP lesions were asked to routinely visit the partici-
pating centers 1, 3, 6, and 12 months following EVT. 
At each visit, ischemic symptoms and the ankle-bra-
chial index were evaluated, and duplex ultrasonogra-
phy (DUS) was routinely conducted to evaluate 
patency. Angiography was performed by each doctor’s 
discretion. Repeated revascularization was performed 
based on clinical symptoms and findings on DUS or 
angiography.

Endpoints
The primary endpoint was one-year restenosis 

Introduction

Endovascular therapy (EVT) is widely used for 
the treatment of symptomatic lower extremity isch-
emia due to technological advances and is now com-
monly recommended in the latest guidelines1-3). 
Although EVT is an effective therapeutic option for 
femoropopliteal (FP) lesions, traditional percutaneous 
transluminal angioplasty has reportedly demonstrated 
uniformly poor results as the primary treatment for 
FP lesions4-7), whereas the patency rate of the FP 
artery has reportedly improved through the use of self-
expanding nitinol stents8-10).

The InnovaTM self-expanding nitinol stent (Bos-
ton Scientific, Marlborough, MA, USA) has been 
available for the treatment of FP lesions since Febru-
ary 2016 in Japan. The SuperNOVA study, the first 
human trial of the InnovaTM self-expanding nitinol 
stent, demonstrated acceptable clinical outcomes in 
the treatment of FP lesions11). However, the disease 
severity of the trial population seemed less severe than 
that of the real-world population observed in clinical 
practice. To date, clinical outcomes following Inno-
vaTM implantation for the treatment of FP lesions, 
including challenging cases, remain to be systemati-
cally studied in real-world settings. Therefore, we 
examined the one-year clinical outcomes following 
InnovaTM implantation for the treatment of FP lesions 
in patients with peripheral arterial disease (PAD) in 
real-world settings.

Methods

Study Population
We analyzed a total of 481 lesions in 453 consec-

utive patients implanted with InnovaTM stents for the 
treatment of FP artery stenosis or occlusion from Feb-
ruary 2016 to April 2017 at 30 centers in Japan. One-
year clinical outcomes, including one-year restenosis, 
were routinely checked in the clinics at the participat-
ing centers. Patients with symptomatic PAD were 
screened by noninvasive tests to detect limb ischemia 
and the presence of FP lesions. All patients had symp-
tomatic FP lesions (Rutherford 1–6) despite exercise 
therapy and appropriate medications. The anatomical 
inclusion criteria were stenosis of ≥ 50% or occlusion 
of the FP artery as determined by angiography. The 
study was performed in accordance with the Declara-
tion of Helsinki and was approved by the ethics com-
mittee of each center that registered patients. In accor-
dance with the Ethical Guidelines for Medical and 
Health Research Involving Human Subjects in Japan, 
the current study, performed with the secondary use 
of data from medical records, was considered exempt 
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variate model were entered. All statistical analyses were 
performed by R version 3.1.0 (R Core Team, Vienna, 
Austria).

Results

Patient and Lesion Characteristics
Baseline characteristics of the study population 

are presented in Table 1. One-third of patients pre-
sented with critical limb ischemia. The mean lesion 
length was 18±10 cm, and more than 50% patients 
were classified as TransAtlantic Inter-Society Consen-
sus (TASC) II class C/D. Among 481 limbs of 453 
patients, 96 (20%) did not exhibit MALE before the 
one-year assessment. Of the remaining cases, 63 limbs 
exhibited MALE within one year, whereas 322 were 
MALE-free. Of the 322 MALE-free lesions, 247 limbs 
(77%) underwent patency assessment at 12±2 
months, whereas 75 did not.

One-Year Clinical Outcomes
Fig.1 shows the post-procedural, perioperative, 

and one-year clinical outcomes. The one-year inci-
dence of restenosis in the overall population was esti-
mated to be 36% (95% CI: 31%–42%), whereas one-
year MALE was observed in 18% (95% CI: 14%–
22%) patients, indicating that MALE occurred in 
approximately half of the cases of patients with reste-
nosis. Regarding ISR classification, 42% were class I 
(focal ISR), 28% class II (diffuse ISR), and 30% class 
III (totally occluded ISR).

Table 2 represents the logistic regression analysis 
of predictors for one-year restenosis. The restenosis 
risk was not significantly different between patients 
with critical limb ischemia and those with intermit-
tent claudication (odds ratio: 1.18 [95% CI: 0.73–
1.90]; P=0.49); the estimated one-year restenosis rate 
was 37% (95% CI: 28%–46%) and 36% (95% CI: 
30%–42%), respectively. The presence of diabetes 
mellitus, small distal reference vessel diameter, spot 
stenting, and lack of one-year cilostazol treatment 
were identified as independent risk factors for one-
year restenosis. The accumulation of these four risk 
factors was associated with an increased risk of one-
year restenosis (Fig.2).

Discussion

The current study demonstrated one-year clinical 
outcomes following InnovaTM implantation for the 
treatment for FP lesions, including challenging cases 
as observed in clinical practice in real-world settings. 
The one-year incidence of restenosis in the overall 
population was 36%, whereas one-year MALE was 

assessed by DUS or follow-up angiography, with a tol-
erance of ±2 months. Restenosis was defined as the 
recurrence of ≥ 50% diameter stenosis determined by 
angiography or a peak systolic velocity ratio ＞2.4 
determined by DUS. Requirement of any re-interven-
tion or major amputation within one year was 
included in restenosis. Secondary endpoints included 
one-year major adverse limb event (MALE), throm-
botic occlusion, stent fracture, perioperative major 
adverse event (MAE), post-procedural residual steno-
sis, edge dissection, and stent elongation. One-year 
MALE was defined as major amputation or any re-
intervention, including both surgical or endovascular 
re-intervention, within one year, whereas MAE was 
defined as 30-day all-cause mortality and MALE. The 
in-stent restenosis (ISR) following InnovaTM implan-
tation was classified into three classes by visual esti-
mate on angiography: class I, the focal (≤ 50 mm in 
length) ISR group, included lesions at the stent body, 
the stent edge, or a combination of these sites; class II, 
the diffuse (＞50 mm in length) ISR group, included 
lesions at the stent body and the stent edge; and class 
III, the totally occluded ISR group12).

Statistical Analysis
Data are represented as the mean and standard 

deviation for continuous variables or as percentages 
for dichotomous variables, unless otherwise men-
tioned. A p of ＜0.05 was considered statistically sig-
nificant. The incidence of restenosis at one year in the 
overall population was calculated as PMALE＋(1− 
PMALE)×PRestenosis, where PMALE and PRestenosis indicate 
the one-year MALE incidence rate in the overall pop-
ulation and one-year restenosis prevalence in the 
MALE-free subgroup, respectively. Since some patients 
completed the one-year follow-up without MALE but 
failed to undergo patency assessment at 12±2 
months, we estimated PRestenosis based on the hypothe-
sis that cases with missing data on patency are subject 
to the same risk as the observed cases, such as by 
Kaplan–Meier estimation. Therefore, PRestenosis was cal-
culated to be equal to the prevalence of restenosis in 
the population that completed the one-year follow-up 
without MALE and underwent patency assessment at 
12±2 months. The one-year incidence rate of MALE 
(i.e., PMALE), as well as that of thrombotic occlusion, 
was estimated using the Kaplan–Meier method. The 
95% confidence intervals (CIs) of the endpoints were 
estimated by 10,000-times bootstrap resampling. The 
association of baseline characteristics with restenosis 
risk was assessed using the logistic regression model. 
Independent associations were explored by the multi-
variate logistic regression model, in which explanatory 
variables that were statistically significant in the uni-
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nol stent has already been reported8-10, 13). The Inno-
vaTM stent became available in 2016 as a new self-
expanding nitinol stent for the treatment of FP lesions 
in Japan. The InnovaTM stent has a hybrid cell struc-
ture comprising closed-cell ends for deployment sta-
bility and uniformity and an open-cell center for flexi-
bility and fracture resistance. Furthermore, we expect 
more precise positioning during stent implantation 
due to tantalum markers of the stent edge for 
improved visibility and the non-flared stent edge for 
reduced jumping. Owing to its structure, the Inno-
vaTM stent is expected to prevent vessel collapse and 
provide stability and a radial force for treatment of 
complex FP lesions. In the current study, TASC C/D 
and severely calcified lesions, which have been gener-
ally reported as risk factors for loss of patency in previ-

observed in 18% patients. The presence of diabetes 
mellitus, a small distal reference vessel diameter, spot 
stenting, and the lack of cilostazol administration were 
identified as independent risk factors for one-year 
restenosis. The one-year restenosis rate in lesions with-
out these risk factors was 12%, whereas it was 53% in 
those with ≥ 3 risk factors. To the best of our knowl-
edge, this is the first study to investigate clinical out-
comes and associated risk factors following InnovaTM 
implantation for the treatment of FP lesions in a real-
world setting.

EVT is a widely used techniqueand has been rec-
ognized as a common treatment for PAD1-3). The 
patency rate of the FP artery has reportedly improved 
through the use of the self-expanding nitinol stent, 
and the clinical outcome and patency rate of the niti-

Table 1. Baseline characteristics of study population

Overall population Patients with 
diabetes mellitus

Patients without 
diabetes mellitus

P value (Patients with versus 
without diabetes mellitus)

n
Male sex
Age
Non-ambulatory status
Diabetes mellitus
Regular dialysis
Critical limb ischemia
TASC II classification

Class A
Class B
Class C
Class D

Distal reference vessel diameter (mm)
＜5 mm
(missing data)

Chronic total occlusion
PACSS classification

Grade 0
Grade 1
Grade 2
Grade 3
Grade 4

In-stent restenosis
Lesion length (cm)

≥ 25 cm
Pre-dilatation
Spot stenting

(missing data)
Post-dilatation
Intravascular ultrasound use
1-year dual antiplatelet therapy
1-year cilostazol treatment

481
336 (70%)

74±9
96 (20%)

295 (61%)
129 (27%)
180 (37%)

 
83 (17%)

123 (26%)
135 (28%)
140 (29%)
5.0±1.0

195 (44%)
38 (8%)

259 (54%)
 

134 (28%)
106 (22%)

67 (14%)
56 (12%)

118 (25%)
25 (5%)
18±10

140 (29%)
461 (96%)
111 (23%)

1 (0%)
399 (83%)
328 (68%)
249 (52%)
170 (35%)

295
208 (71%)

73±9
62 (21%)

295 (100%)
85 (29%)

120 (41%)
 

56 (19%)
73 (25%)
91 (31%)
75 (25%)
4.9±1.0

126 (47%)
25 (8%)

152 (52%)
 

73 (25%)
65 (22%)
41 (14%)
36 (12%)
80 (27%)
17 (6%)
18±10

92 (31%)
283 (96%)

68 (23%)
1 (0%)

250 (85%)
200 (68%)
158 (54%)
103 (35%)

186
128 (69%)

76±9
34 (18%)

0 (0%)
44 (24%)
60 (32%)

 
27 (15%)
50 (27%)
44 (24%)
65 (35%)
5.2±0.9
69 (40%)
13 (7%)

107 (58%)
 

61 (33%)
41 (22%)
26 (14%)
20 (11%)
38 (20%)

8 (4%)
17±10

48 (26%)
178 (96%)

43 (23%)
0 (0%)

149 (80%)
128 (69%)

91 (49%)
67 (36%)

 
0.76
0.006
0.48

＜0.001
0.25
0.067
0.066

 
  
 
 

0.002
0.17
0.61
0.22
0.03

 
 
 
 
 

0.53
0.51
0.22
1.00
1.00
1.00
0.21
0.84
0.35
0.84
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Fig.1. Post-procedural, perioperative, and one-year clinical outcomes

Error bars represent 95% confidence intervals.

Table 2. Risk factors associated with 1-year restenosis

Unadjusted OR Adjusted OR

Male sex
Age (per 10 years)
Nonambulatory status
Diabetes mellitus
Regular dialysis
Critical limb ischemia
TASC II classification (vs. class A)

Class B
Class C
Class D

Distal reference vessel diameter ＜5 mm
Chronic total occlusion
PACSS classification
In-stent restenosis
Lesion length ≥ 25 cm
Predilatation
Spot stenting
Postdilatation
Intravascular ultrasound use
One-year dual antiplatelet therapy
One-year cilostazol treatment

0.49 [0.30-0.81]＊

1.05 [0.81-1.36]
1.35 [0.72-2.52]
1.81 [1.12-2.91]＊

0.97 [0.58-1.61]
1.18 [0.73-1.90]

1.00 (Ref )
0.90 [0.43-1.85]
0.93 [0.46-1.89]
1.53 [0.77-3.05]
2.36 [1.45-3.85]＊

1.16 [0.74-1.83]
1.04 [0.90-1.20]
3.09 [1.03-9.28]＊

1.98 [1.21-3.22]＊

0.91 [0.31-2.68]
2.74 [1.60-4.68]＊

0.97 [0.53-1.79]
0.63 [0.38-1.03]
1.41 [0.90-2.22]
0.62 [0.38-1.00]＊

0.73 [0.41-1.30]
---
---

1.83 [1.07-3.13]＊

---
---
---
---
---
---

1.86 [1.09-3.16]＊

---
---

2.51 [0.73-8.64]
1.75 [1.00-3.09]

---
2.27 [1.27-4.06]＊

---
---
---

0.58 [0.33-1.00]＊

Data are odds ratios and their 95% confidence intervals. Asterisks indicate p＜0.05.
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ulation. The current study included more complex 
lesions to reflect the cases observed in real-world set-
tings, which may have led to a lower patency rate.

Risk analysis revealed that diabetes mellitus was 
independently associated with future restenosis. This 
finding was consistent with that of previous studies. 
There is a general agreement that diabetes mellitus is a 
significant risk factor for the development of PAD22). 
Furthermore, diabetes mellitus was considered as one 
of the significant risk factors for loss of patency after 
FP intervention23, 24). The current study demonstrated 
that diabetes mellitus was similarly a risk factor for 
restenosis following InnovaTM stent implantation for 
the treatment of FP lesions. Thus, it is necessary to 
closely follow-up patients with PAD suffering from 
diabetes mellitus for a long term.

The distal reference vessel diameter was another 
independent predictor of restenosis. The findings of 
the study indicate that a smaller vessel would be sub-
ject to poorer stent patency. Previous reports regarding 
the relationship between clinical outcomes and vessel 
size in EVT for the treatment of FP lesions have 
reported that a small reference vessel diameter, espe-
cially a vessel diameter ≤ 4 mm, is associated with 
poor EVT outcomes25). One possible explanation for 
this observation is that the small reference vessel diam-
eter itself is related to poor EVT outcomes, and 
another explanation is that a small vessel diameter rel-
ative to the stent diameter exacerbates EVT outcomes 

ous reports14-16), were not found to be predictive fac-
tors for one-year restenosis. Based on these results, the 
InnovaTM stent can be considered to be suitable for 
complicated cases.

The SuperNOVA study reported clinical out-
come results following InnovaTM stent implantation; 
the primary patency rate at one year was 66.4% for 
the full stent length matrix11). Compared to those in 
the SuperNOVA study, the frequencies of critical limb 
ischemia, diabetes mellitus, maintenance dialysis, 
TASC II class C/D lesions, and chronic total occlu-
sion lesions were higher, and the lesion length was 
longer in the current study. Given that the patient 
characteristics and lesion characteristics were worse in 
this study than in the SuperNOVA study, the one-year 
incidence rate of restenosis in this study can be con-
sidered acceptable. Furthermore, previous reports 
regarding other self-expanding nitinol stents for the 
treatment of FP lesions showed that primary patency 
rates at one yearC after stent implantation were 81%–
82% for S.M.A.R.T. stentTM, 74% for Luminexx 
stentTM, 70%–87% for Misago stentTM, and 81% for 
LifestentTM 16-21). In this study, the incidence of reste-
nosis following implantation of the InnovaTM stent 
was 36% at one year, which was worse than the inci-
dence rates that have been reported following the use 
of other self-expanding nitinol stents for the treatment 
of FP lesions. This discrepancy could be attributed to 
the severity of the condition of the current study pop-

Fig.2. Increased one-year restenosis risk in subgroups with accumulated risk factors

The risk factors were as follows: 1) diabetes mellitus, 2) distal reference vessel diameter ＜5 
mm, 3) spot stenting, and 4) lack of one-year cilostazol administration (see Table 2). Error bars 
represent 95% confidence intervals.



One-Year Outcomes of InnovaTM Stents

853

Acknowledgments

The authors acknowledge the expertise of Seiichi 
Hiramori of Kokura Memorial Hospital, Koji Hozawa 
of New Tokyo Hospital, Daizo Kawasaki of Mori-
nomiya Hospital, Keisuke Hirano of Saiseikai Yoko-
hama City Eastern Hospital, Kazushi Urasawa of 
Tokeidai Memorial Hospital, Yasutaka Tamauchi of 
Takatsu General Hospital, Taketsugu Tsuchiya of 
Kanazawa Medical University Hospital, Yusuke Miyas-
hita of Nagano Red Cross Hospital, Terutoshi Yama-
oka of Matsuyama Red Cross Hospital, Kenji Suzuki 
of Tokyo Saiseikai Central Hospital, Toru Mazaki of 
Kobe Central Hospital, Nobuhiro Suematsu of Saisei-
kai Fukuoka General Hospital, Yoshiaki Shintani of 
Shin-Koga Hospital, Masahiko Fujihara of Kishiwada 
Tokushukai Hospital, Atsushi Tosaka of Kawakita 
General Hospital, Tatsuki Doijiri of Yamato Seiwa 
Hospital, Takashi Miura of Shinshu University School 
of Medicine, Masahito Taniguchi of Fukuyama Car-
diovascular Hospital, Tai Kojima of Gifu University 
Graduate School of Medicine, Jun Nakazato of Oki-
nawa Chubu Hospital, Hideaki Aihara of Tsukuba 
Medical Center Hospital, Souichiro Enomoto of Tenri 
Hospital, Masahiko Noguchi of Tokyo Bay Urayasu 
Ichikawa Medical Center, Naotaka Murata of Tokyo 
Medical University Hospital, Yohei Kobayashi of 
Osaka Red Cross Hospital, Masanori Teramura of 
Ichinomiya Nishi Hospital, Kei Ichihashi of Ichi-
nomiya Nishi Hospital, Eiji Karashima of Shimono-
seki City Hospital, Hideo Tokuyama of Kawaguchi 
Heart Respiratory Hospital and Naoki Hayakawa of 
Asahi General Hospital in performing the catheteriza-
tion procedures and data collection.

Disclosures

The authors declare no conflicts of interest asso-
ciated with this manuscript.

References
1) Aboyans V, Ricco JB, Bartelink MEL, Björck M, Brod-

mann M, Cohnert T, Collet JP, Czerny M, De Carlo M, 
Debus S, Espinola-Klein C, Kahan T, Kownator S, Maz-
zolai L, Naylor AR, Roffi M, Röther J, Sprynger M, Ten-
dera M, Tepe G, Venermo M, Vlachopoulos C, Desor-
mais I. 2017 ESC Guidelines on the Diagnosis and Treat-
ment of Peripheral Arterial Diseases, in collaboration with 
the European Society for Vascular Surgery (ESVS): Docu-
ment covering atherosclerotic disease of extracranial 
carotid and vertebral, mesenteric, renal, upper and lower 
extremity arteriesEndorsed by: the European Stroke Orga-
nization (ESO)The Task Force for the Diagnosis and 
Treatment of Peripheral Arterial Diseases of the European 

due to increased intramural stress from the stent, caus-
ing early restenosis by triggering neointimal hyperpla-
sia. Therefore, if possible, it may be beneficial to per-
form balloon angioplasty and avoid InnovaTM stent 
implantations for the treatment of FP lesions with a 
small reference vessel diameter.

Spot stenting was also identified as one of the 
risk factors for restenosis in the current study; how-
ever, the reason was unclear. Previous reports have 
revealed that primary implantation of self-expanding 
nitinol stents in the FP artery, especially in moderate-
length lesions, is associated with better acute angio-
graphic results and better patency than those with 
seen balloon angioplasty alone8, 26). Therefore, it was 
speculated that spot stenting leads to worse clinical 
outcomes than full covered stenting because the 
lesions with only balloon angioplasty in the spot stent-
ing group might occur restenosis more frequently.

The other risk factor for restenosis was the lack 
of one-year cilostazol treatment. This result was simi-
lar to that in reported by previous studies27-30). Based 
on this result, it may be beneficial to continue cilo-
stazol treatment after InnovaTM stent implantation for 
as long as possible.

Study Limitations
The present study had several limitations. First, 

the current study included only Japanese patients, and 
thus, the results should be confirmed in other ethnic 
groups. Second, this study was not designed to com-
pare the efficacy of InnovaTM implantation with that 
of other treatments. It remains to be studied whether 
InnovaTM implantation is superior to other treatments 
in real-world settings. Third, the observation period 
was only one year, and the treatment results thereafter 
in the chronic phase are unknown. Fourth, the assess-
ment of restenosis by angiography and DUS was not 
conducted by the core laboratory. Fifth, although spot 
stenting was a risk factor for restenosis, the detail of 
the methods used for spot stenting are ambiguous. 
The stenting strategy was chosen by the operators’ dis-
cretion. Further investigation is warranted.

Conclusion

The current study demonstrated one-year clinical 
outcomes following InnovaTM self-expanding nitinol 
stent implantation for the treatment of FP lesions, 
including challenging cases in real-world settings. The 
InnovaTM stent system demonstrated acceptable clini-
cal outcomes.



Tsujimura et al.

854

Am Coll Cardiol, 2012; 59: 16-23
13) Soga Y, Iida O, Hirano K, Yokoi H, Nanto S, Nobuyoshi 

M.J. Mid-term clinical outcome and predictors of vessel 
patency after femoropopliteal stenting with self-expand-
able nitinol stent. J Vasc Surg, 2010; 52: 608-615

14) Okuno S, Iida O, Shiraki T, Fujita M, Masuda M, Oka-
moto S, Ishihara T, Nanto K, Kanda T, Takahara M, 
Uematsu M. Impact of Calcification on Clinical Out-
comes After Endovascular Therapy for Superficial Femo-
ral Artery Disease: Assessment Using the Peripheral Artery 
Calcification Scoring System. J Endovasc Ther, 2016; 23: 
731-737

15) Iida O, Soga Y, Hirano K, Suzuki K, Yokoi H, Nobuyoshi 
M, Muramatsu T, Inoue N, Nanto S, Uematsu M. Long-
term outcomes and risk stratification of patency following 
nitinol stenting in the femoropopliteal segment: retro-
spective multicenter analysis. J Endovasc Ther, 2011; 18: 
753-761

16) Suzuki K, Iida O, Soga Y, Hirano K, Inoue N, Uematsu 
M, Yokoi H, Muramatsu T, Nanto S, Nobuyoshi M, 
Meguro T. Long-term results of the S.M.A.R.T. 
Control(TM) stent for superficial femoral artery lesions, 
J-SMART registry. Circ J, 2011; 75: 939-944

17) Gray WA, Feiring A, Cioppi M, Hibbard R, Gray B, 
Khatib Y, Jessup D, Bachinsky W, Rivera E, Tauth J, 
Patarca R, Massaro J, Stoll HP, Jaff MR; STROLL Study 
Investigators. S.M.A.R.T. self-expanding nitinol stent for 
the treatment of atherosclerotic lesions in the superficial 
femoral artery (STROLL): 1-year outcomes. J Vasc Interv 
Radiol, 2015; 26: 21-28

18) Iida O, Soga Y, Hirano K, Okamoto S, Dohi T, Uematsu 
M, Yokoi H, Nobuyoshi M, Muramatsu T, Fujita M, 
Nanto S, Nagata S. Retrospective multicentre analysis of 
S.M.A.R.T. vs. Luminexx nitinol stent implantation for 
superficial femoral artery lesions (REAL SL) Registry. 5 
years’ experience. Circ J, 2011; 75: 421-427

19) Schulte KL, Kralj I, Gissler HM, Bagnaschino LA, Bus-
chmann I, Pernès JM, Haage P, Goverde P, Beregi JP, 
Válka M, Boudny J, Geibel T, Velkoborsky M, Zähringer 
M, Paetzel C, Fanelli F, Müller-Hülsbeck S, Zeller T, 
Langhoff R. MISAGO 2: one-year outcomes after 
implantation of the Misago self-expanding nitinol stent in 
the superficial femoral and popliteal arteries of 744 
patients. J Endovasc Ther, 2012; 19: 774-784

20) Ohki T, Angle JF, Yokoi H, Jaff MR, Popma J, Piegari G, 
Kanaoka Y; OSPREY investigators. One-year outcomes of 
the U.S. and Japanese regulatory trial of the Misago stent 
for treatment of superficial femoral artery disease 
(OSPREY study). J Vasc Surg, 2016; 63: 370-376

21) Laird JR, Katzen BT, Scheinert D, Lammer J, Carpenter J, 
Buchbinder M, Dave R, Ansel G, Lansky A, Cristea E, 
Collins TJ, Goldstein J, Jaff MR; RESILIENT Investiga-
tors. Nitinol stent implantation versus balloon angioplasty 
for lesions in the superficial femoral artery and proximal 
popliteal artery: Twelve-month results from the RESIL-
IENT randomized trial. Circ Cardiovasc Interv, 2010; 3: 
267-276

22) Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris 
KA, Fowkes FG; TASC II Working Group. Inter-Society 
Consensus for the Management of Peripheral Arterial 
Disease (TASC II). J Vasc Surg, 2007; 45: S5-67

Society of Cardiology (ESC) and of the European Society 
for Vascular Surgery (ESVS). Eur Heart J, 2018; 39: 763-
816

2) Gerhard-Herman MD, Gornik HL, Barrett C, Barshes 
NR, Corriere MA, Drachman DE, Fleisher LA, Fowkes 
FG, Hamburg NM, Kinlay S, Lookstein R, Misra S, 
Mureebe L, Olin JW, Patel RA, Regensteiner JG, Schan-
zer A, Shishehbor MH, Stewart KJ, Treat-Jacobson D, 
Walsh ME. 2016 AHA/ACC Guideline on the Manage-
ment of Patients With Lower Extremity Peripheral Artery 
Disease: Executive Summary: A Report of the American 
College of Cardiology/American Heart Association Task 
Force on Clinical Practice Guidelines. J Am Coll Cardiol, 
2017; 69: 1465-1508

3) Conte MS, Pomposelli FB, Clair DG, Geraghty PJ, McK-
insey JF, Mills JL, Moneta GL, Murad MH, Powell RJ, 
Reed AB, Schanzer A, Sidawy AN. Society for Vascular 
Surgery practice guidelines for atherosclerotic occlusive 
disease of the lower extremities: Management of asymp-
tomatic disease and claudication. J Vasc Surg, 2015; 61: 
2S-41S

4) Dormandy JA, Rutherford B. Management of peripheral 
arterial disease (PAD). TASC Working Group. TransAt-
lantic Inter-Society Consensus (TASC). J Vasc Surg, 
2000; 31: S1-S296

5) Johnston KW. Femoral and popliteal arteries: reanalysis of 
results of balloon angioplasty. Radiology, 1992; 183: 767-
771

6) Minar E, Pokrajac B, Maca T, Ahmadi R, Fellner C, Mit-
tlböck M, Seitz W, Wolfram R, Pötter R. Endovascular 
brachytherapy for prophylaxis of restenosis after femoro-
popliteal angioplasty: results of a prospective randomized 
study. Circulation, 2000; 102: 2694-2699

7) Capek P, McLean GK, Berkowitz HD. Femoropopliteal 
angioplasty: factors influencing long-term success. Circu-
lation, 1991; 83: Suppl 2: 170-180

8) Schillinger M, Sabeti S, Loewe C, Dick P, Amighi J, 
Mlekusch W, Schlager O, Cejna M, Lammer J, Minar E. 
Balloon angioplasty versus implantation of nitinol stents 
in the superficial femoral artery. N Engl J Med, 2006; 
354: 1879-1888

9) Sabeti S, Schillinger M, Amighi J, Sherif C, Mlekusch W, 
Ahmadi R, Minar E. Primary patency of femoropopliteal 
arteries treated with nitinol versus stainless steel self-
expanding stents: propensity score-adjusted analysis. 
Radiology, 2004; 232: 516-521

10) Laird JR, Katzen BT, Scheinert D, Lammer J, Carpenter J, 
Buchbinder M, Dave R, Ansel G, Lansky A, Cristea E, 
Collins TJ, Goldstein J, Jaff MR. Nitinol stent implanta-
tion versus balloon angioplasty for lesions in the superfi-
cial femoral artery and proximal popliteal artery: Twelve-
month results from the RESILIENT randomized trial. 
Circ Cardiovasc Interv, 2010; 3: 267-276

11) Powell RJ, Jaff MR, Schroë H, Benko A, Diaz-Cartelle J, 
Müller-Hülsbeck S. Stent placement in the superficial 
femoral and proximal popliteal arteries with the innova 
self-expanding bare metal stent system. Catheter Cardio-
vasc Interv, 2017; 89: 1069-1077

12) Tosaka A, Soga Y, Iida O, Ishihara T, Hirano K, Suzuki K, 
Yokoi H, Nanto S, Nobuyoshi M. Classification and clin-
ical impact of restenosis after femoropopliteal stenting. J 



One-Year Outcomes of InnovaTM Stents

855

Hirano K, Miyashita Y, Tsuchiya T, Shinozaki N, Naka-
mura M, Isshiki T, Hamasaki T, Nanto S; STOP-IC 
investigators. Cilostazol reduces angiographic restenosis 
after endovascular therapy for femoropopliteal lesions in 
the Sufficient Treatment of Peripheral Intervention by 
Cilostazol study. Circulation, 2013; 127: 2307-2315

28) Zen K, Takahara M, Iida O, Soga Y, Kawasaki D, Nanto 
S, Yokoi H, Matoba S; ZEPHYR Investigators. Drug-
eluting stenting for femoropopliteal lesions, followed by 
cilostazol treatment, reduces stent restenosis in patients 
with symptomatic peripheral artery disease. J Vasc Surg, 
2017; 65: 720-725

29) Benjo AM, Garcia DC, Jenkins JS, Cardoso RM, Molina 
TP, El-Hayek GE, Nadkarni GN, Aziz EF, Dinicolanto-
nio JJ, Collins T. Cilostazol increases patency and reduces 
adverse outcomes in percutaneous femoropopliteal revas-
cularisation: a meta-analysis of randomised controlled tri-
als. Open Heart, 2014; 1: e000154

30) Soga Y, Hamasaki T, Edahiro R, Iida O, Inoue N, Suzuki 
K, Yokoi Y, Kawasaki D, Zen K, Urasawa K, Aodo K; 
STOP-IC investigators. Sustained effectiveness of cilo-
stazol after endovascular treatment of femoropopliteal 
lesions: midterm follow-up from the sufficient treatment 
of peripheral intervention by cilostazol (STOP-IC) study. 
J Endovasc Ther, 2018; 25: 306-312

23) Abularrage CJ, Conrad MF, Hackney LA, Paruchuri V, 
Crawford RS, Kwolek CJ, LaMuraglia GM, Cambria RP. 
Long-term outcomes of diabetic patients undergoing 
endovascular infrainguinal interventions. J Vasc Surg, 
2010; 52: 314-322

24) Iida O, Uematsu M, Soga Y, Hirano K, Suzuki K, Yokoi 
H, Muramatsu T, Inoue N, Nanto S, Nagata S. Timing of 
the restenosis following nitinol stenting in the superficial 
femoral artery and the factors associated with early and 
late restenoses. Catheter Cardiovasc Interv, 2011; 78: 
611-617

25) Hiramori S, Soga Y, Iida O, Suzuki K, Hirano K, Kawa-
saki D, Shintani Y, Ando K. Relationship between clinical 
outcomes and vessel size in endovascular therapy for fem-
oropopliteal lesions. J Vasc Surg, 2017; 65: 1690-1697

26) Laird JR, Katzen BT, Scheinert D, Lammer J, Carpenter J, 
Buchbinder M, Dave R, Ansel G, Lansky A, Cristea E, 
Collins TJ, Goldstein J, Jaff MR; RESILIENT Investiga-
tors. Nitinol stent implantation versus balloon angioplasty 
for lesions in the superficial femoral artery and proximal 
popliteal artery: twelve-month results from the RESIL-
IENT randomized trial. Circ Cardiovasc Interv, 2010; 3: 
267-276

27) Iida O, Yokoi H, Soga Y, Inoue N, Suzuki K, Yokoi Y, 
Kawasaki D, Zen K, Urasawa K, Shintani Y, Miyamoto A, 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




