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Aim: More than 5-year clinical outcomes after femoropopliteal (FP) stenting with bare-nitinol stent (BNS) have
not yet been unclear. We investigate the long-term patency and mortality following FP stenting with BNS.

Methods: This study was a multicenter retrospective study of a prospectively maintained database. From April
2004 to December 2011, 1824 consecutive patients (2211 limbs) who underwent FP stenting with BNS for de
novo lesions were selected and analyzed. Primary endpoint was primary patency which was defined as treated
vessel without restenosis and reintervention and its associated factors.

Results: The prevalence of diabetes mellitus and dialysis was 60.5% and 23.8%, respectively. Chronic limb-
threatening ischemia (CLTI) accounted for 30.8%. Chronic total occlusion (CTO) was found in 52.7%, and
lesion length was more than 20 cm in 22.6%. During the median follow-up of 3.8 years (interquartile range, 1.4
to 7.4 years), 1049 cases lost patency, whereas 355 cases were dead without experiencing loss of patency. The
primary patency (95% CI) was estimated to be 74.8%, 47.3% and 29.1% at 1-, 5- and 10-year. On multivariate
analysis, female sex, age > 80 years, diabetes, dialysis, CLTI, CTO, arterial calcification, long lesion (>20 cm),
and small vessel (< 4 mm) were the independent predictors of primary patency after FP stenting. In addition, the
prognostic impact of age > 80 years, CLT1, and arterial calcification was significantly attenuated afterwards (P<
0.05).

Conclusions: Ten-year patency after BNS implantation for FP disease has been continuously reducing up to 10
years and the prognostic impact of risk factors was changed over time.
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been widely performed in clinical setting. In terms of

Introduction mid-term patency after the procedure for especially

Primary stenting with self-expandable bare- complex lesions, primary stenting was acceptable, but
nitinol stent (BNS) has been reported to be more not enough® ®. After that, restenosis has been
effective than standard balloon angioplasty in the dramatically reduced with advent of paclitaxel-coated

1-4)

treatment of femoropopliteal (FP) disease'™ and it has balloon”” and paclitaxel-eluting stent'® 'V. On the
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other hand, mortality risk or signal after paclitaxel-
eluting devices for FP lesion was reported'> '9.
Although this safety concern is still in debate
continuously'*!9, a conclusion hasn’t been reached
yet. the usage of BNS has been positively reconsidered
due to this issue. In addition, the long-term outcome
is very important to understand safety and
effectiveness in BNS era and to compare with drug-
eluting device era. However, the long-term patency
and mortality following bare-nitinol stent
implantation for FP lesion still remain unclear.

This study aimed to reveal the 10-year patency
and mortality, and their associated factors in patients
undergoing FP BNS implantation for symptomatic de
novo FP artery disease.

Methods

Study Population

The study was performed as a multicenter
retrospective analysis of a prospectively maintained
database. This study analyzed the data of consecutive
patients who underwent BNS implantation for
symptomatic de novo FP artery disease between 2004
and 2011 at 13 cardiovascular centers in Japan. Of
2401 limbs of 1968 eligible patients, 190 limbs were
excluded due to missing data on baseline
characteristics. The remaining 2211 limbs of 1824
patients were finally included in the current study.
Isolated common femoral and isolated popliteal artery
disease were excluded from this study. The study was
conducted in accordance with the Declaration of
Helsinki, and was approved by the institutional review
boards of the participating institutions. The
requirement to obtain any informed consent was
waived. This study is registered with the University
Hospital Medical Information Network-Clinical Trials
Registry (UMIN-CTR), as accepted by the
International Committee of Medical Journal Editors

(No. UMIN000002726).

Procedures and Follow-Up

All patients were recommended to receive dual
antiplatelet therapy (aspirin 100 mg/day, clopidogrel
75 mg/day, ticlopidine 100 mg twice a day or
cilostazol 100 mg twice a day) by the day before EVT
or earlier. Either ipsilateral or contralateral femoral
puncture was used. After insertion of a 6-Fr sheath, an
intra-arterial bolus of 5000 IU of heparin was injected
and supplemented as required to maintain an active
clotting time >200 s.

After passing the wire, pre-dilatation was
performed with an appropriately sized angioplasty
balloon before stenting. Six types of bare-nitinol stents

were then implanted: S.M.A.R.T. (Cordis J&],
Miami, FL), Luminexx (Bard, Murray Hill, NJ), LIFE
stent (Bard, Murray Hill, NJ), Zilver518 (Cook
Medical, Bloomington, IN), MISAGO (Terumo,
Tokyo, Japan), and INNOVA (Boston Scientific,
Marlborough, MA, USA). The stent type was
determined by the operator, and the stent size was
chosen to be 1-2 mm larger than the reference vessel
diameter. After stent placement, post-dilatation was
added with approximately reference vessel diameter
size if needed.

After the procedure, all patients were prescribed
lifelong aspirin (100 mg/day) and prolonged (at least
1 month) clopidogrel 75 mg/day, ticlopidine 100 mg
twice a day or cilostazol 100 mg twice a day was
recommended. The presence of restenosis was
monitored by duplex ultrasound respectively at least
every 1 year in addition to perioperative period
(within 2 month).

Outcome Measures

The primary outcome measure of this study was
primary patency and its associated factors. The
secondary outcome measures were freedom from
reintervention, occlusion and bypass conversion, and
mortality. Primary patency was defined as a treated
vessel without restenosis and reintervention.
Restenosis was defined as >2.4 times the peak systolic
velocity ratio on duplex ultrasound. An undetectable
signal in stented segments in duplex ultrasound was
graded as complete occlusion. Below-the-knee (BTK)
run-off and arterial calcification was assessed by
angiography before or after the procedure.

Statistical Analyses

Data are presented as medians and interquartile
ranges for continuous variables or as percentages for
discrete variables, if not otherwise mentioned. A P
value <0.05 was considered statistically significant
and 95% confidence intervals (CI) were reported
where appropriate. The primary patency, as well as
freedom from reintervention, occlusion, and bypass
conversion, was estimated using the cumulative
incidence function, treating death as a competing risk.
The association between baseline characteristics and
loss of patency was analyzed using Fine and Gray’s
regression model for the subdistribution of competing
risks, where we treated death as a competing risk. To
address an issue of bilaterality, a frailty term of inter-
subject variability was included as random effects in
the model. The proportional hazards assumption
regarding each variable of interest was checked by
developing the model in which the variable and its
interaction term with time were simultaneously
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included. When the null hypothesis that the regression
coefficient of the interaction term with time was zero
was statistically denied, indicating that the
proportional hazards assumption was violated, the
interaction term with time was included in the
subsequent multivariate model. Furthermore, as a
supplementary analysis, we developed the multivariate
model in which laboratory parameters were
additionally entered. In the model, cases with missing
data were excluded (i.e., listwise deletion). We
additionally estimated the overall survival rate using
the Kaplan-Meier method, and investigated the
association between baseline characteristics and
mortality risk using the Cox hazards regression model.
All statistical analyses were performed using R version
3.6.0 (R Development Core Team, Vienna, Austria).

Results

Baseline characteristics of the study population
are presented in Table 1. Mean age was 73+9 years,
and male gender, the prevalence of diabetes mellitus
(DM) and dialysis-dependent renal failure was 70.1%,
60.5% and 23.8%, respectively. Chronic limb-
threatening ischemia (CLTI) accounted for 30.8%.
Chronic total occlusion (CTO) was found in 52.7%,
and lesion length was more than 20 cm in 22.6%.

During the median follow-up of 3.8 years
(interquartile range, 1.4 to 7.4 years; mean and
standard deviation, 4.6+3.6 years), 1049 cases lost
patency, whereas 355 cases were dead without
experiencing loss of patency. The follow-up rate (equal
to 100% minus the proportion of cases censored
without loss of patency or the competing risk [i.e.,
death] within a time point of interest) was 89.8% at 1
year, 81.3% at 3 years, 75.2% at 5 years, and 66.7%
at 10 years. The primary patency (95% CI) was
estimated to be 74.8% (72.9% to 76.7%) at 1 year,
57.5% (55.2% to 59.8%) at 3 years, 47.3% (44.8%
t0 49.9%) at 5 years, and 29.1% (26.0% to 32.2%) at
10 years (Fig.1). Cumulative incidence rate of
reintervention, occlusion, and bypass conversion were
estimated to be 14.4% (12.8% to 15.9%), 6.0%
(5.0% to 7.1%) and 1.4% (0.9% to 2.0%) at 1 year,
24.9% (22.9% to 27.0%), 11.1% (9.6% to 12.6%)
and 2.6% (1.8% to 3.3%) at 3 years, 30.2% (27.9%
to 32.5%), 15.4% (13.5% to 17.2%) and 3.2% (2.3%
to 4.0%) at 5 years, and 41.0% (37.9% to 44.2%),
22.8% (19.9% to 25.6%) and 4.1% (3.0% to 5.2%)
at 10 years.

As shown in Table 2, age > 80 years, dual
antiplatelet therapy, statin use, heart failure, CLTI,
severe calcification, and no BTK runoff, as well as
C-reactive protein > 0.3 mg/dl, demonstrated a
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Table 1. Baseline characteristics of the study population

Patient characteristics
Male sex
Age (years)
> 80 years
Smoking history
Diabetes mellitus
Dialysis dependence
Dual antiplatelet therapy*
Statin use
Coronary artery disease
Heart failure
LDL cholesterol (mg/dl)
> 100 mg/dl
(missing data)
HDL cholesterol (mg/dl)
<40 mg/dl
(missing data)
Triglycerides (mg/dl)
> 150 mg/dl
(missing data)
C-reactive protein (mg/dl)
> 0.3 mg/dl
(missing data)
Limb characteristics
Claudication
CLTI
CTO
Arterial calcification
Lesion length (cm)
>20 cm
RVD (mm)
<4 mm
No below-the-knee runoff
TASC II classification
Class A
Class B
Class C
Class D

(n=1824)
1279 (70.1%)
739
445 (24.4%
1090 (59.8%
1110 (60.9%
435 (23.8%
1421 (77.9%
688 (37.7%
904 (49.6%
201 (11.0%
10333
817 (51.7%)
243 (13.3%)
4816
377 (30.6%)
592 (32.5%)
116 (83 - 161)
429 (29.4%)
367 (20.1%)

)
)
)
)
)
)
)
)

0.20 (0.10 - 1.00)

669 (45.6%)
357 (19.6%)
(n=2211)
1529 (69.2%
682 (30.8%
1165 (52.7%
1238 (56.0%
14%9
499 (22.6%)
5.4%0.9
212 (9.6%)
207 (9.4%)

NOENOENSENS

541 (24.5%
567 (25.6%
356 (16.1%
747 (33.8%

NOENOENSENS

Data are means * standard deviations, medians (interquartile ranges),
or frequency (percentages). CLT1, chronic limb-threatening ischemia;
CTO, chronic total occlusion; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; RVD, reference vessel diameter.

*Dual antiplatelet therapy; aspirin (100 mg/day) plus clopidogrel 75
mg/day, ticlopidine 100 mg twice a day or cilostazol 100 mg twice a

day.

significant interaction effect with time in respective
crude models (all P£<0.05), indicating that the
assumption of proportional hazards was violated
regarding these variables. We therefore subsequently
developed the multivariate model in which these
variables accompanied their interaction term with
time, whereas the other variables did not. Consequently,
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Occlusion 2211 1383 970 630 434 190
Reintervention 2211 1191 796 518 350 184
Restenosis 2211 1025 639 367 228 104

Estimate + SE
Surgical conversion 100.0+0.0% 97.9+0.3% 97.10.4% 96.7+0.5% 96.1+0.5% 95.9+0.6%
Occlusion 100.0+0.0% 91.2+0.7% 87.0+0.8% 82.9+1.0% 80.741.2% 77.2+1.5%
Reintervention 100.0£0.0% 78.9£1.0% 71.8+1.1% 67.4x1.2% 62.741.4% 59.0+1.6%
Restenosis 100.0+0.0% 64.7+1.1% 52.5+1.2% 42.6+1.3% 36.0+1.4% 29.1x1.6%

Fig.1. Limb outcomes after femoropopliteal stent implantation

The incidence rate was estimated by the cumulative incidence function in which death was treated as
the competing risk. Dotted lines indicate 95% confidence intervals. SE, standard error.

Table 2. Change in the impact of baseline characteristics on the risk of patency loss during the follow-up period

Fold change of hazard ratio per doubling of the follow-up time

Male sex 1.00 [0.93 to 1.09] (P=0.92)
Age > 80 years 0.86 [0.79 to 0.94] (P=0.001)
Smoking history 1.05 [0.97 to 1.13] (P=0.27)
Diabetes mellitus 1.02 [0.94 to 1.11] (P=0.60)
Dialysis dependence 0.92 [0.85 to 1.00] (P=0.053)
Dual antiplatelet therapy 1.11 [1.02 to 1.21] (P=0.021)
Statin use 1.10 [1.02 to 1.19] (P=0.018)
Coronary artery disease 1.01 [0.94 to 1.09] (P=0.71)
Heart failure 0.88 [0.79 to 0.98] (P=0.025)
CLTI 0.82 [0.75 to 0.89] (P<0.001)
CTO 0.93 [0.86 to 1.01] (2=0.080)
Arterial calcification 0.90 [0.83 to 0.97] (P=0.009)
Lesion length >20 cm 0.92 [0.84 to 1.00] (P=0.055)
RVD <4 mm 1.02 [0.90 to 1.14] (P=0.78)
No below-the-knee runoff 0.88 [0.78 to 0.99] (P=0.030)
LDL cholesterol > 100 mg/dl 0.98 [0.91 to 1.07] (P=0.69)
HDL cholesterol <40 mg/dl 0.94 [0.85 to 1.04] (P=0.25)
Triglycerides > 150 mg/dl 1.06 [0.96 to 1.16] (P=0.26)
C-reactive protein > 0.3 mg/dl 0.87 [0.80 to 0.95] (2=0.001)

Data are presented as the fold change in the hazard ratio of each variable per doubling of the follow-up time [95% confidence
intervals] (P values), derived from the Fine and Gray’s regression model for the subdistribution of competing risks in which each
variable of interest and its interaction term with time were entered as the explanatory variables, and a frailty term of inter-subject
variability was included as random effects. The fold changes in the hazard ratio by time were calculated as the exponential
conversion of the regression coefficient for the interaction term with time. CLTI, chronic limb-threatening ischemia; CTO,
chronic total occlusion; HDL, high-density lipoprotein; LDL, low-density lipoprotein; RVD, reference vessel diameter.
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Table 3. Impact of baseline characteristics on risk of patency loss

Multivariate model 1

Multivariate model 2 (n=1137)

Male sex
Age > 80 years
Interaction with time
Smoking history
Diabetes mellitus
Dialysis dependence
Dual antiplatelet therapy
Interaction with time
Statin use
Interaction with time
Coronary artery disease
Heart failure
Interaction with time
CLTI
Interaction with time
CTO
Arterial calcification
Interaction with time
Lesion length >20 cm
RVD <4 mm
No below-the-knee runoff
Interaction with time

0.74 [0.60 to0 0.91
2.61 [1.18 t0 5.75
0.89 [0.81 to 0.97
0.98 [0.81 to 1.19
1.41 [1.17 t0 1.70
1.28 [1.02 to 1.61
0.48 [0.22 to 1.05
1.09 [0.99 to 1.19
0.60 [0.29 to 1.26
1.06 [0.97 to 1.15
0.94 [0.78 to 1.13

[ ] (P=0.004)
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
2.35[0.87 to 6.33]
[ ]
[ ]
[ ]
( ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]

(
(P=0.018)
(P=0.011)
(P=0.84)
(P<0.001)
(P=0.034)
(P=0.066)
(P=0.072)
(P=0.18)
(P=0.18)
(P=0.50)
(P=0.092)
0.91 [0.81 to 1.03] (
3.90 [1.81 to 8.38] (
0.86 [0.79 to 0.94] (
1.39 [1.15 to0 1.67] (
1.99 [0.98 to 4.03] (
0.93 [0.85 to 1.00] (
1.31 [1.05 to0 1.62] (
241 [1.83 10 3.17] (
1.58 [0.55 to 4.51] (
0.93 [0.83 to 1.05] (

P=0.13)

P<0.001)
P=0.001)
P=0.001)
P=0.057)
P=0.057)
P=0.014)
P<0.001)
P=0.39)

P=0.26)

0.69 [0.52 to 0.93] (P=0.015)
2.66 [0.89 to 7.91] (P=0.079)
0.89 [0.78 to 1.01] (P=0.081)
1.01 [0.75 to 1.36] (P=0.95)
1.44 [1.11 to 1.86] (P=0.006)
1.30 [0.94 to 1.78] (P=0.11)
0.87 [0.31 to 2.47] (P=0.79)
1.00 [0.89 to 1.13] (P=0.98)
0.54 [0.20 to 1.46] (P=0.22)
1.08 [0.96 to 1.21] (P=0.21)
0.91 [0.70 to 1.17] (P=0.47)
1.28 [0.36 to 4.60] (P=0.71)
0.97 [0.84 to 1.13] (P=0.72)

0.87 [0.76 to 0.99] (2=0.029)
1.71 [1.32 to 2.22] (P<0.001)
1.18 [0.46 to 3.04] (P=0.73)
0.97 [0.87 to 1.08] (2=0.56)
1.30 [0.97 to 1.74] (P=0.085)
1.74 [1.17 to 2.61] (P=0.007)

0.92 [0.79 to 1.09] (P=0.34)
0.97 [0.76 to 1.25] (P=0.84)
0.98 [0.74 to 1.30] (P=0.91)
1.01 [0.76 to 1.35] (P=0.93)
1.54 [0.57 to 4.16] (P=0.40)

LDL cholesterol > 100 mg/dl N/I
HDL cholesterol <40 mg/dl N/I
Triglycerides > 150 mg/dl N/1
C-reactive protein > 0.3 mg/dl N/I

Interaction with time N/I

]

]

]

]

]

]

]

]

]

]

]

]

]

3.51 [1.16 to 10.57] (P=0.026)

]
[ ]
[ ]
[ ]
[ ]
[ ]

1.90 [0.49 to 7.43] (P=0.36)

[ ]
[ ]
[ ]
[ ]
[ ]
[ ]

0.94 [0.84 to 1.06] (2=0.29)

Data are presented as adjusted hazard ratios (HRs) for loss of patency and their 95% confidence intervals, derived from the Fine and
Gray’s regression model for the subdistribution of competing risks in which a frailty term of inter-subject variability was included as
random effects. In the multivariate model 1, all the variables in the table except laboratory parameters were entered as explanatory
variables, whereas in the multivariate model 2, laboratory parameters were additionally entered. Data on the interaction with time are
presented as the fold change in the hazard ratio of each variable per doubling of the follow-up time. Note that cases with missing data
were excluded in a listwise manner while the multivariate models were developed; the multivariate model 2 was developed with use of
data in 1137 limbs. CLT1, chronic limb-threatening ischemia; CTO, chronic total occlusion; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; RVD, reference vessel diameter. N/I, not included.

as summarized in the Multivariate model 1 in Table 3,
female sex, age > 80 years, DM, dialysis-dependent
renal failure, CLT1, CTO, lesion length >20 cm, and
reference vessel diameter (RVD) < 4 mm was
significantly associated with an increased risk of
patency loss immediately after stent implantation (all
P<0.05), while the prognostic impact of age > 80
years and CLTT was significantly attenuated afterwards
(P<0.05). When laboratory parameters were included
in the model, none of them were significantly
associated with the risk of patency loss (Multivariate
model 2 in Table 3). In the Multivariate model 2, age
> 80 years, dialysis-dependent renal failure, and lesion
length >20 cm lost statistical significance, probably
due to a smaller sample size (n=1137).
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Fig.2 shows the Kaplan-Meier estimates of the
overall survival rate and the details of death. The
mortality (95% CI) was estimated to be 7.8% (6.5%
to 9.1%) at 1 year, 17.8% (15.9% to 19.7%) at 3
years, 28.0% (25.5% to 30.4%) at 5 years, and 51.4%
(47.7% to 54.8%) at 10 years. During the follow-up
period, 583 patients died. Cardiac death occurred in
144 patients (25%) and cardiovascular death
accounted for 37% of the deaths. Statin use, CLTT,
lesion length >20 c¢m, and no BTK runoff, as well as
C-reactive protein > 0.3 mg/dl, demonstrated a
significant interaction effect with time in respective
crude models (all 2<0.05) (Table 4). The subsequent
multivariate Cox regression model demonstrated that
male sex, age > 80 years, dialysis-dependent renal
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Fig.2. Overall survival rate after FP stent implantation

The rate was estimated by the Kaplan-Meier method. Dotted lines indicate 95% confidence intervals.
SE, standard error.

Table 4. Change in the impact of baseline characteristics on the risk of mortality during the follow-up period

Fold change of hazard ratio per doubling of the follow-up time

Male sex

Age > 80 years

Smoking history

Diabetes mellitus

Dialysis dependence

Dual antiplatelet therapy
Statin use

Coronary artery disease
Heart failure

CLTI

CTO

Arterial calcification

Lesion length >20 cm

RVD <4 mm

No below-the-knee runoff
LDL cholesterol > 100 mg/dl
HDL cholesterol <40 mg/dl
Triglycerides > 150 mg/dl
C-reactive protein > 0.3 mg/dl

1.08 [0.99 to 1.18] (P=0.078)
0.99 [0.91 to 1.08] (P=0.83)
1.04 [0.96 to 1.13] (P=0.39)
1.01 [0.93 to 1.09] (P=0.90)
0.94 [0.86 to 1.02] (P=0.13)
0.97 [0.89 to 1.07] (P=0.57)
1.10 [1.00 to 1.21] (P=0.046)
1.01 [0.94 t0 1.10] (P=0.75)
0.96 [0.87 to 1.06] (P=0.46)
0.71 [0.63 t0 0.79] (P<0.001)
0.97 [0.90 to 1.05] (P=0.45)
0.96 [0.88 to 1.04] (P=0.31)
0.91 [0.83 to 0.99] (P=0.037)
1.00 [0.87 to 1.14] (P=0.96)
0.87 [0.78 to 0.96] (P=0.006)
1.04 [0.96 to 1.14] (P=0.32)
0.24 [0.07 to 0.77] (P=0.017)
1.11 [0.99 to 1.25] (P=0.081)
0.81 [0.73 to 0.89] (2<0.001)

Data are presented as the fold change in the hazard ratio of each variable per doubling of the follow-up time [95% confidence
intervals] (2 values), derived from the Cox regression model in which each variable of interest and its interaction term with time
were entered as the explanatory variables. The fold changes in the hazard ratio by time were calculated as the exponential
conversion of the regression coefficient for the interaction term with time. CLTI, chronic limb-threatening ischemia; CTO,
chronic total occlusion; HDL, high-density lipoprotein; LDL, low-density lipoprotein; RVD, reference vessel diameter.

1453



Soga et al.

Table 5. Impact of baseline characteristics on risk of mortality

Multivariate model 1

Multivariate model 2 (z=939)

Male sex
Age > 80 years
Smoking history
Diabetes mellitus
Dialysis dependence
Dual antiplatelet therapy
Statin use
Interaction with time
Coronary artery disease
Heart failure
CLTI
Interaction with time
CTO
Arterial calcification
Lesion length >20 cm
Interaction with time
RVD <4 mm
No below-the-knee runoff
Interaction with time

1.42
2.22
0.98
0.96
2.18
0.88
0.68

1.16 to 1.73] (P=0.001)
1.83 to 2.70] (< 0.001)
0.81 to 1.18] (P=0.81)
0.81 to 1.14] (P=0.66)
1.79 to 2.64] (P<0.001)
0.73 to 1.06] (P=0.17)
0.26 to 1.76] (P=0.43)
1.02 [0.92 to 1.12] (P=0.73)
1.15 [0.97 to 1.37] (P=0.11)
1.74 [1.39 t0 2.18] (P<0.001)

]

]

]

]

]

]

]

]

]

— e = =/

53.2 [17.2 to 165] (P<0.001)
0.73 [0.65 to 0.82] (P<0.001)
1.05 [0.87 to 1.26] (P=0.63)
1.22 [1.02 to 1.45] (P=0.029)
2.61 [1.11 to 6.13] (P=0.028)
0.92 [0.85 to 1.01] (P=0.078)
1.06 [0.79 to 1.42] (P=0.69)
2.32 [0.88 to 6.08] (P=0.087)
0.96 [0.86 to 1.07] (P=0.44)

1.46
2.10
0.88
0.99
2.15
0.89
0.39
1.08
1.02
1.46
27.0 [5.44 to 134] (<0.001)

1.10 to 1.93] (2=0.009)
1.61 to 2.73] (P<0.001)
0.68 to 1.16] (P=0.37)
0.79 to 1.26] (P=0.97)
1.64 to0 2.80] (P<0.001)
0.69 to 1.14] (P=0.37)
0.10 to 1.50] (P=0.17)
0.94 to 1.23] (P=0.27)
0.81 to 1.29] (P=0.85)
1.09 to 1.96] (P=0.011)

— e e e e /e /e

[
0.95 [0.74 to 1.22] (P=0.70)
1.38 [1.08 to 1.76] (2=0.009)
2.28 [0.70 to 7.44] (P=0.17)
0.94 [0.83 to 1.06] (P”=0.30)
1.06 [0.71 to 1.58] (P=0.79)

3.05 [0.81 to 11.50] (P=0.10)
0.92 [0.79 to 1.07] (P=0.29)

LDL cholesterol > 100 mg/dl N/I
HDL cholesterol <40 mg/dl N/I
Triglycerides = 150 mg/dl N/I
C-reactive protein > 0.3 mg/dl N/I

Interaction with time N/I

0.82 [0.65 to 1.04] (P=0.097)
1.06 [0.83 to 1.35] (P=0.66)

0.77 [0.59 to 1.02] (P=0.067)
5.70 [1.37 to 23.8] (P=0.017)
[

]
]
]
]
]
]
]
]
]
]
]
0.78 [0.66 to 0.91] (P=0.002)
]
]
]
]
]
]
]
]
]
]
]
0.85 [0.74 to0 0.98] (P=0.028)

Data are presented as adjusted hazard ratios (HRs) for mortality and their 95% confidence intervals, derived from the Cox regression model. In the
multivariate model 1, all the variables in the table except laboratory parameters were entered as explanatory variables, whereas in the multivariate
model 2, laboratory parameters were additionally entered. Data on the interaction with time are presented as the fold change in the hazard ratio of
each variable per doubling of the follow-up time. Note that cases with missing data were excluded in a listwise manner while the multivariate
models were developed; the multivariate model 2 was developed with use of data in 939 patients. CLTT, chronic limb-threatening ischemia; CTO,
chronic total occlusion; HDL, high-density lipoprotein; LDL, low-density lipoprotein; RVD, reference vessel diameter. N/I, not included.

failure, heart failure, CLTI, arterial calcification, and
lesion length >20 cm was significantly associated
with an increased risk of mortality immediately after
stent implantation (all 7<0.05), while the prognostic
impact of CLTI was significantly attenuated
afterwards (< 0.001) (Multivariate model 1 in Table
5). When laboratory parameters were included in the
model, C-reactive protein = 0.3 mg/dl was
significantly associated with an increased risk of
mortality, and its association was significantly
attenuated afterwards (Multivariate model 2 in Table
5). In the Multivariate model 2, lesion length >20
cm lost statistical significance, probably due to a
smaller sample size (2=939).

Discussion

In this study, we evaluated that the long-term
outcomes (patency and mortality) and their prognostic
factors in patients undergoing BNS implantation for
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symptomatic de novo FP artery disease. This study
added as a new insight over 5-year vessel patency after
that was not sufficient. Vessel patency has been
continuously reducing after a year up to 10 years and
the prognostic impact of risk factors was changed over
time. One strength of our study was that the time-
dependent impact of respective risk factors was
assessed.

Vessel Patency

It is reported that restenosis occurrence in BNSs
placed for FP lesions peaks after roughly 1 year'”, and
that long-term efficacy is limited and decreases over
time'¥. Even in this study, primary patency rapidly
decreased during the first year or so (Fig. 1). However,
it did not subsequently plateau, instead continuing to
decrease for two years and thereafter. From this we can
see that after BNS implantation, the risk of restenosis
continues to be present long after it has peaked.

There have been almost no studies that
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investigate the differences between restenosis occurring
in the short term and in the medium-to-long term
after BNS implantation. An important point to
consider when formulating treatment strategies to
maintain patency long-term is whether in-stent
neointimal growth continues into the chronic phase,
or whether neoatherosclerosis'® occurs. In the future,
a study must be conducted that investigates this,
addressing the associated pathologies.

The risk factors for restenosis in lower limb
BNSs are female sex, an age of = 80 years, DM,
dialysis, CLTI, CTO, long lesion (>20 cm), and
small vessel (RVD < 4 mm). The impact of age (>80
years) and CLTT diminishes with time—we could say,
in other words, that these have a major impact on
restenosis in the short term after implantation. As
female sex, diabetes, and small vessel pose the same
risk after a certain amount of time has passed as they
do in the short term (i.e. the risk of restenosis
continues to be present in the chronic phase), BNS
may be contraindicated in cases with several such
risks.

It is reported that the primary patency of
autogenous saphenous vein bypass grafts was 84% at 1
year, 72% at 5 years, and 55% at 10 years, and that
the secondary patency of such surgeries is 91% at 1
year, 81% at 5 years, and 70% at 10 years®.
Furthermore, better outcome from Japanese data has
been reported even when prosthetic grafts were
used?”. Our study did not show satisfactory results
with BNS in the long term (>5 years). It will be
necessary in the future to investigate whether
improved results are being obtained with drug-eluting
devices not only in the short and medium terms but
also in the long term (>5 years).

Freedom from reintervention was 59% at 10
years, and freedom from occlusion (secondary
patency) was 77% at 10 years. As these results are
almost on par with those obtained with autogenous
saphenous vein bypass grafts, it was thought that BNS
is acceptable long-term if patients are selected
appropriately.

Mortality

The mortality risk factors in patients who
underwent BNS implantation were male sex, an age of
> 80 vyears, dialysis, heart failure, CLTI, arterial
calcification, and long lesion (>20 c¢m). The impact
of CLTT decreased with time. This does not necessarily
indicate that the mortality rate improved with time,
but that the mortality rate was high in the short term
after treatment, supporting the notion that life
expectancy must be considered when treating CLTI
patients?*?%. Increased CRP levels would be another

potential risk factor for the mortality risk. Future
studies with a larger sample size will be needed to
validate current findings.

An age of > 80 years, dialysis, CLTI, and long
lesion (>20 cm) were independent risk factors for
both patency loss and mortality. It will be important
to assess methods of revascularization and
pharmacotherapy that take into account the balance
between these risks from the perspectives of patency
and prognosis for patients with one or more of these
risk factors.

As in recent years it has been reported that
anticoagulant therapy reduces the risk of ischemic
events in PAD patients who undergo revascularization®,
it will be necessary, in the future, to identify an
optimal medical therapy and assess its effectiveness
even in high mortality risk groups such as those
identified in this study.

Limitation

There are several limitations that may have
affected our clinical outcomes. First, this study was a
retrospective, non-randomized analysis, despite of a
large-scale, multicenter study. Second, our study
included only Japanese patients, so the results should
be confirmed for other ethnic groups. Third, our
study did not compare the durability of the implanted
BNS to other devices. Whether the long-term results
following BNS placement are similar to other devices
in real-world practice remains unanswered. Fourth,
the indication of endovascular treatment was unclear
because of retrospective analysis. We cannot rule out
the possibility of selection bias. Finally, multiple
factors may influence the long-term outcome, but this
study focused on database items only. Therefore, in
addition to aging, other possible factors such as
intravascular ultrasound-evaluated parameters, history
of valvular disease, socioeconomic status, insurance
status, and frailty?® ) that were not evaluated in this
study may be prognostic factors.

Conclusion

Our data demonstrated that de novo or primary
use of BNS may not be justified for FP artery disease
in real-world setting up to 10-year due to the high
restenosis rate. Indipendent predictors of primary
patency were female sex, age > 80 years, DM, dialysis,
CLTIL, CTO, long lesion (>20 cm), and small vessel
(RVD < 4 mm). Indipendent predictors of mortality
were male sex, age > 80 years, dialysis, heart failure,
CLTT, severe calcification, and long lesion ( >20 cm).
In addition, the prognostic impact of age > 80 years
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and CLTT was significantly attenuated over time.
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