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Background-—Clinical outcomes reported after treatment of infrapopliteal lesions with drug-eluting stents (DESs) have been more
favorable compared with percutaneous transluminal angioplasty with a bailout bare metal stent (PTA-BMS) through midterm follow-
up in patients with critical limb ischemia. In the present study, long-term results of treatment of infrapopliteal lesions with DESs are
presented.

Methods and Results-—Adults with critical limb ischemia (Rutherford category ≥4) and infrapopliteal lesions were randomized to
receive PTA-BMS or DESs with paclitaxel. Long-term follow-up consisted of annual assessments up to 5 years after treatment or
until a clinical end point was reached. Clinical end points were major amputation (above ankle level), infrapopliteal surgical or
endovascular reintervention, and death. Preserved primary patency (≤50% restenosis) of treated lesions was an additional
morphological end point, assessed by duplex sonography. In total, 74 limbs (73 patients) were treated with DESs and 66 limbs (64
patients) were treated with PTA-BMS. The estimated 5-year major amputation rate was lower in the DES arm (19.3% versus 34.0%
for PTA-BMS; P=0.091). The 5-year rates of amputation- and event-free survival (survival free from major amputation or
reintervention) were significantly higher in the DES arm compared with PTA-BMS (31.8% versus 20.4%, P=0.043; and 26.2% versus
15.3%, P=0.041, respectively). Survival rates were comparable. The limited available morphological results showed higher
preserved patency rates after DESs than after PTA-BMS at 1, 3, and 4 years of follow-up.

Conclusions-—Both clinical and morphological long-term results after treatment of infrapopliteal lesions in patients with critical
limb ischemia are improved with DES compared with PTA-BMS.

Clinical Trial Registration-—URL: http://www.clinicaltrials.gov. Unique identifier: NCT00471289. ( J Am Heart Assoc. 2017;6:
e004877. DOI: 10.1161/JAHA.116.004877.)
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C ritical limb ischemia (CLI) manifests with chronic
ischemic pain at rest, loss of tissue in the limb, or both.

At present, the incidence of this final stage of peripheral
arterial disease is estimated at 500 to 1000 cases per
1 million inhabitants every year in the Western world.
1Major risk factors in the development of CLI are diabetes

mellitus, smoking, and increasing age.1,2 With an aging
Western population and increasing prevalence of diabetes
mellitus, the burden of CLI and its costs are likely to
increase.3

The main goal of treatment for CLI is to prevent major
amputation. This mutilating procedure is associated with high
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periprocedural morbidity and mortality, and functional out-
come after amputation is often poor.4

Restoration of unobstructed pulsatile blood flow to the foot
is imperative to relieve symptoms and to prevent amputation.
Revascularization can be achieved by means of either
endovascular or surgical techniques.1,3,5,6 In case of CLI due
to infrapopliteal lesions, percutaneous transluminal angio-
plasty (PTA) with bailout bare metal stent (BMS) is probably
still the most frequently used endovascular technique. Drug-
eluting stents (DESs) in infrapopliteal lesions have demon-
strated lower restenosis rates than either PTA or BMS in
several randomized clinical trials, but only a few of these
studies also reported improved clinical results such as lower
amputation rates.7–12 Reasons for this may include study
design,7 small numbers of patients,8,9 or inclusion of partic-
ipants with intermittent claudication and thus not at risk of
major amputation.8–11 In addition, only 1 study so far has
reported long-term clinical results.13

The Percutaneous transluminal Angioplasty versus Drug
eluting stents for Infrapopliteal lesions (PADI) trial was
designed to compare the performance of paclitaxel-eluting
DESs and PTA-BMS of infrapopliteal lesions in a population
consisting solely of CLI patients.14 Short- and midterm results
of this study have been published elsewhere and showed
more favorable clinical outcomes after DESs compared with
PTA-BMS, with fewer major amputations after DESs and a
trend toward significance at 2-year follow-up and significantly
fewer minor amputations during the first 6 months of follow-
up.12 This paper presents the outcomes at long-term follow-up
of this multicenter randomized controlled trial.

Methods

Study Design, Population, and Procedures
The purpose of the PADI trial was to assess the performance
of paclitaxel-eluting DESs compared with PTA-BMS in
infrapopliteal lesions causing CLI. Patients were enrolled
between October 2007 and February 2013 at 3 major
vascular centers in the Netherlands. The study protocol was
approved by the medical ethics boards of the participating
centers, and all enrolled patients gave written informed
consent. Adults with a Rutherford category15 ≥4 due to
infrapopliteal lesions, as assessed with pretreatment imaging,
were randomly allocated to one of the 2 treatment arms.
Randomization was per limb. When a patient was included for
both limbs, each limb was randomized separately. A maximum
of 3 lesions per limb could be included, with each of these
lesions allocated to the same treatment arm. In the DES arm,
target lesions were treated with paclitaxel-eluting stainless
steel coronary stents (TAXUS Libert�e; Boston Scientific).
Patients in the PTA-BMS arm received PTA with optional

bailout stenting using non–drug-eluting BMS. All patients were
treated with carbasalate calcium (100 mg daily, indefinitely)
and clopidogrel (loading dose of 300 mg directly after the
procedure followed by 75 mg daily for at least 6 months).
Details of the study design and short- and midterm results
have been reported previously.12,14 The trial was registered at
ClinicalTrials.gov (identifier NCT00471289).

Long-Term Follow-up and End Points
Long-term follow-up involved annual patient assessments for
5 years after inclusion or until a clinical end point was
reached. Assessments consisted of medical history, physical
examination, and duplex sonography of the treated limb.
When patients were not willing or able to visit the hospital,
passive follow-up was obtained by contacting patients or their
general practitioners by phone or by retrieving data from the
hospital electronic medical records. Survival was recorded for
patients who underwent a major amputation or infrapopliteal
surgical or endovascular retreatment of the target limb.
Causes of death were registered as CLI related or unrelated, if
known.

Clinical end points of the long-term follow-up registry of
the PADI trial were major amputation (above ankle level) of
the treated limb, infrapopliteal surgical or endovascular
reintervention attempted on the treated limb, or death,
throughout the entire observation period. Preserved primary
patency of treated lesions was an additional morphological
end point of long-term follow-up. This end point was assessed
by duplex sonography, defined as ≤50% restenosis (peak
systolic velocity ratio ≤2.016). An ordinal score was used to
grade the severity of treatment failure on a continuum from
vessel restenosis (>50% stenosis, peak systolic velocity ratio
>2.016) to vessel occlusion to clinical failure (treatment in
interim, major amputation, or CLI-related death).

Statistical Analysis
We compared categorical variables with the 2-sided v2 test,
ordinal variables with the Mann–Whitney test, and continuous
variables with the 2-sided Student t test. The observed rates
of major amputation per limb and survival per patient were
estimated with the Kaplan–Meier method. In addition,
estimated rates of amputation-free survival (defined as
survival free from major amputation of the index limb) and
event-free survival (defined as survival free from major
amputation or reintervention of the index limb) were analyzed
with this same method. Limbs and patients were censored at
end of follow-up.

We performed additional subgroup analyses in patients
with and without diabetes mellitus; with normal and impaired
renal function; with and without tissue loss; and with 1, 2, or 3
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treated lesions. Unadjusted and adjusted hazard ratios were
calculated for the risk of major amputation, major amputation
or death, and an event (major amputation, reintervention, or
death).

For the analyses regarding the end points per lesion, a
weighted v2 test was used, with weights equal to the inverse
number of lesions per limb. In patients included for both
limbs, limbs were considered independently for the analysis.

All primary and secondary end points were evaluated in the
modified intention-to-treat analysis, excluding patients who
did not fulfill all inclusion criteria or who were incorrectly
included. End points per lesion were also evaluated in the
modified intention-to-treat analysis, so they were included in
the arm for which they were randomized.

A 2-sided P≤0.05 was considered to indicate statistical
significance. Analyses were performed in SPSS version 23 for
Mac (IBM Corp).

Results

Baseline Characteristics and Short-Term
Outcomes
From October 2007 through February 2013, 75 limbs in 74
patients were randomly assigned to the DES arm and 69 limbs
in 67 patients were assigned to the PTA-BMS arm (Figure 1).
One patient (1 limb) in the DES arm and 3 patients (3 limbs) in
the PTA arm were excluded from the modified intention-to-
treat analysis. Overall, 91 lesions were treated in the PTA-

BMS arm and 121 lesions were treated in the DES arm, an
average of 1.4 and 1.6 lesions per limb, respectively.

The comparable baseline characteristics and short-term
outcomes have been published elsewhere.12

Long-Term Clinical Outcomes
Patients were followed for a mean duration of 163.8 weeks (SD
107.1 weeks), equivalent to 430 patient-years of observation.

Figure 2 shows the clinical outcome per patient at 1, 2, 3,
4, and 5 years after treatment (the exact numbers can be
found in Tables S1–S5). At all observation points, the
percentage of preserved limbs was higher in the DES arm
than in the PTA-BMS arm; however, these outcomes did not
differ significantly.

The estimated major amputation rate was lower in the DES
arm than in the PTA-BMS arm (19.3% versus 34.0% after
5 years, respectively), with a trend toward significance
(P=0.091) (Table 1 and Figure 3A). The amputation- and
event-free survival rates were significantly higher in the DES
arm than in the PTA-BMS arm (31.8% versus 20.4%, P=0.043;
and 26.2% versus 15.3%, P=0.041, respectively), as is shown
in Table 1 and Figure 3B and 3C. Survival rates were
comparable (Table 1, Figure 3D).

Additional analyses of the major amputation and death
rates and event rates were performed in subgroups of
patients with and without diabetes mellitus; with normal and
impaired renal function; with and without tissue loss; and with
1, 2, or 3 treated lesions (Table 2). In all subgroups, the

Figure 1. Flow diagram of inclusion. *Four patients included for 2 limbs, with 1 limb in each arm. BMS indicates bare metal stent; DES, drug-
eluting stent; PTA, percutaneous transluminal angioplasty.
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percentage of events was lower in patients treated with DESs.
This difference was statistically significant only in the
subgroup of patients with impaired renal function.

Univariate and multivariate regression analysis showed no
significant association between DESs and the risk of major

amputation (Table 3); however, DESs were associated with a
significantly lower risk of the composite end points of major
amputation or death and of major amputation, reintervention,
or death (Tables 4 and 5, respectively). Factors associated
with a higher risk of major amputation were diabetes mellitus

Figure 2. Clinical outcome per patient at 1 year (a), 2 years (b), 3 years (c), 4 years (d), and 5 years (e) of
follow-up. Amp indicates amputation; DES, drug-eluting stent; FU, follow-up; PTA, percutaneous
transluminal angioplasty; reint, reintervention.

DOI: 10.1161/JAHA.116.004877 Journal of the American Heart Association 4

Long-Term Follow-up of the PADI Trial Spreen et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



and higher Rutherford category. Regarding the risk of major
amputation or death, further factors with significant hazard
ratios were age, current smoking, Rutherford category, and an
ankle-brachial index >1.4 or unmeasurable ankle-brachial
index. Age and high or unmeasurable ankle-brachial index
were also associated with a higher risk of major amputation,
reintervention, or death.

Long-Term Patency Rates
Tables 6 through 10 show the results of the modified
intention-to-treat analysis of the patency rates of the treated

lesions, as assessed on duplex sonography. These results of
duplex sonography are available in a limited percentage of
limbs. Many patients were unable to visit the hospital, and
during follow-up, a substantial percentage of patients died
from unrelated or unknown causes. The number of limbs
without imaging is comparable in both groups.

Despite the limited number of lesions still available for
follow-up, the percentages of lesions with preserved primary
patency were significantly higher in the DES arm than in the
PTA-BMS arm at 1, 3, and 4 years of follow-up. After 2 and
5 years, the percentages of lesions with preserved patency
were also higher in the DES group, but these differences did

Table 1. Estimated Major Amputation, Major Amputation or Death, Event, and Survival Rates

PTA-BMS (66 Limbs, 64 Patients) DES (74 Limbs, 73 Patients)
Overall
P Value*n % (95% CI) n % (95% CI)

Major amputation rate per limb

0–6 months 13 20.5 (10.5–30.5) 7 9.8 (2.9–16.7)

0–1 year 13 20.5 (10.5–30.5) 8 11.4 (4.0–18.8)

0–2 years 15 24.8 (13.6–36.0) 9 13.2 (5.2–21.2)

0–3 years 15 24.8 (13.6–36.0) 10 15.1 (6.5–23.7)

0–4 years 16 28.0 (15.8–40.2) 10 15.1 (6.5–23.7)

0–5 years 17 34.0 (18.1–49.9) 11 19.3 (7.7–30.9) 0.091

Major amputation or death rate per patient

0–6 months 18 28.1 (17.1–39.1) 15 20.5 (11.3–29.7)

0–1 year 23 35.9 (24.1–47.7) 23 31.5 (20.9–42.1)

0–2 years 33 51.6 (39.4–63.8) 27 37.0 (25.8–48.2)

0–3 years 39 60.9 (48.9–72.9) 33 45.2 (33.8–56.6)

0–4 years 46 73.5 (62.3–84.7) 35 48.3 (36.7–59.9)

0–5 years 49 79.6 (69.0–90.2) 45 68.2 (56.0–80.4) 0.043

Event rate per patient

0–6 months 20 31.2 (19.8–42.6) 17 23.3 (13.7–32.9)

0–1 year 26 40.6 (28.6–52.6) 26 35.6 (24.6–46.6)

0–2 years 38 59.4 (47.4–71.4) 31 42.5 (31.1–53.9)

0–3 years 43 67.2 (55.6–78.8) 37 50.7 (39.1–62.3)

0–4 years 50 79.0 (68.8–89.2) 39 53.8 (42.2–65.4)

0–5 years 53 84.7 (75.5–93.9) 49 73.8 (62.2–85.4) 0.041

Survival rate per patient

0–6 months 54 84.4 (75.6–93.2) 63 86.3 (78.5–94.1)

0–1 year 48 75.0 (64.4–85.6) 55 75.3 (65.5–85.1)

0–2 years 39 60.9 (48.9–72.9) 49 67.1 (56.3–77.9)

0–3 years 33 53.1 (40.9–65.3) 43 60.3 (49.1–71.5)

0–4 years 21 41.8 (29.3–54.3) 34 55.5 (43.9–67.1)

0–5 years 13 37.0 (24.3–49.7) 17 37.7 (25.2–50.2) 0.45

BMS indicates bare metal stent; DES, drug-eluting stent; PTA, percutaneous transluminal angioplasty.
*Overall log-rank test.
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not reach statistical significance. The ordinal scores showed
significantly more favorable outcomes in the DES group at 1-
year follow-up.

Discussion
Our long-term results show that up to 5 years after endovas-
cular treatment of infrapopliteal lesions in CLI patients, the
amputation- and event-free survival rates are significantly
higher in patients treated with paclitaxel-eluting DESs com-
pared with PTA-BMS. When considering the major amputation
and survival rates separately, both are more favorable in the

DES group, with a trend toward significance for major
amputation. These positive results of DESs were confirmed
by univariate and multivariate regression analysis.

Morphological follow-up of the treated infrapopliteal
lesions in a limited number of patients shows that at 1-, 3-,
and 4-year follow-up, the percentage of lesions with preserved
binary patency is significantly higher in the DES group than in
the PTA-BMS group.

Few studies thus far have assessed the long-term (>1-year)
follow-up of patients with CLI due to infrapopliteal lesions that
were treated with DESs. The published meta-analyses
considering the endovascular treatment of lesions below the

Figure 3. A, Kaplan–Meier curves representing estimated 5-year cumulative incidence rates after PTA-BMS and DES. A, Major amputation per
limb. B, Amputation-free survival per patient. C, Event-free survival per patient. D, Survival per patient. BMS indicates bare metal stent; DES,
drug-eluting stent; PTA, percutaneous transluminal angioplasty.
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knee with DESs versus either PTA or BMS evaluated the
available outcomes until 1 year after treatment only.17–21 Of
the individual randomized controlled trials reporting on DESs
for the treatment of infrapopliteal lesions,7–11 only the YUKON
trial evaluated the long-term results.13 The mean follow-up
period of this trial, in which nonpolymer sirolimus-eluting
stents (SESs) were compared with BMS, was 1016 days, a
few months shorter than our follow-up period (1285 days).
Reported event-free survival rates (defined as freedom from
target limb amputation, target vessel revascularization,
myocardial infarction, and death) were 65.8% and 44.6%
(P=0.02) for the SES and BMS group, respectively, and
amputation rates were 2.6% and 12.2% (P=0.06), respectively.
Furthermore, the authors found significantly stronger
improvement in Rutherford category in the SES group.13 A
prospective nonrandomized registry investigated the 3-year
angiographic and clinical outcomes after infrapopliteal revas-
cularization with angioplasty and bailout SES or BMS in
patients with CLI. The SES group showed significantly better
primary patency and reduced binary restenosis rates and
better repeat intervention-free survival (hazard ratio 2.56,

P=0.006; 77.6% in the SES group and 70.3% in the BMS
group, P=0.049).22

Our results show that the long-term prognosis of CLI
patients remains poor, with estimated amputation- and event-
free survival rates after 5 years in our study population of
20.4% and 15.3%, respectively, in the PTA-BMS group and
31.8% and 26.2%, respectively, in the DES group, respectively.
In the above-mentioned studies regarding long-term follow-up
after infrapopliteal DES placement, the reported event-free
survival (with a slightly different definition compared with our
definition) and reintervention-free survival rates are higher.
This can be explained by the difference in patient character-
istics; not even half of the patients included in the YUKON trial
suffered from CLI,13 and a larger percentage of patients
included in the nonrandomized registry suffered from pain at
rest.22 Clinical event rates in patients with claudication are
reported to be very low1,17 and patients with tissue loss have
a much higher amputation rate than those with pain at rest.23

The estimated survival rates of our cohort are very poor in
both groups (5-year survival 37.0% in the PTA-BMS group and
37.7% in the DES group). Reported mortality rates in CLI

Table 2. Subgroup Analyses

PTA-BMS DES

P Value*Total (n) Event (n) % (95% CI) Total (n) Event (n) % (95% CI)

5-year major amputation/death rate per patient

DM 43 34 81.0 (68.8–93.2) 44 26 68.3 (52.2–84.4) 0.07

No DM 21 15 78.2 (58.0–98.4) 29 19 68.9 (50.7–87.1) 0.56

Tissue loss 56 45 83.0 (72.6–93.4) 63 41 71.3 (58.8–83.8) 0.05

No tissue loss 8 4 50.0 (15.3–84.7) 10 4 47.5 (11.0–84.0) 0.59

Impaired RF 10 9 90.0 (71.4–100) 11 6 56.4 (26.0–86.8) 0.017

Normal RF 54 40 77.9 (65.9–89.9) 62 39 70.9 (57.8–84.0) 0.18

1 lesion 46 35 78.9 (66.4–91.4) 40 26 74.9 (58.8–91.0) 0.36

2 lesions 9 8 88.9 (68.3–100) 19 10 56.1 (31.6–80.6) 0.09

3 lesions 9 6 72.2 (40.4–100) 14 9 64.3 (39.2–89.4) 0.45

5-year event rate per patient

DM 43 36 84.7 (73.7–95.7) 44 29 75.1 (60.2–90.0) 0.15

No DM 21 17 86.4 (69.9–100) 29 20 72.8 (55.2–90.4) 0.30

Tissue loss 56 47 85.7 (76.1–95.3) 63 45 77.7 (66.1–89.3) 0.13

No tissue loss 8 6 75.0 (45.0–100) 10 4 47.5 (11.0–84.0) 0.09

Impaired RF 10 9 90.0 (71.4–100) 11 6 56.4 (26.0–86.8) 0.017

Normal RF 54 44 83.9 (73.5–94.3) 62 43 77.6 (65.3–89.9) 0.20

1 lesion 46 38 83.9 (72.9–94.9) 40 27 75.6 (59.9–91.3) 0.25

2 lesions 9 9 100 (100–100) 19 12 68.4 (43.9–92.9) 0.07

3 lesions 9 6 72.2 (40.4–100) 14 10 71.4 (47.7–95.1) 0.66

BMS indicates bare metal stent; DES, drug-eluting stent; DM, diabetes mellitus; N, number of patients; PTA, percutaneous transluminal angioplasty, RF, renal function.
*Overall log-rank test.
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patients are as high as 40% at 1 year and 40% to 70% at 5
years, pointing out the systemic character of atherosclerotic
disease in these patients, the majority of whom also suffer

from coronary and cerebrovascular disease.1,24–27 These
mortality rates even exceed those of several malignancies.28

A more recent meta-analysis evaluated 1-year amputation-
free survival and mortality rates in CLI patients without
revascularization options and reported significant improve-
ment of these outcomes over the past 2 decades.29 The most
recent trial included in this meta-analysis reported a 1-year
mortality rate of 19.8% (95% CI 11.6–31.7%),30 which is in line
with our 1-year survival rates. Insufficient data are available in

Table 4. Cox Regression Analysis of Risk of Major
Amputation or Death

Variables at Baseline Hazard Ratio 95% CI P Value

Univariate analysis

Treatment with DES 0.67 0.45–0.99 0.045

Multivariate analysis

Treatment with DES 0.59 0.39–0.89 0.012

Age 1.05 1.03–1.08 <0.001

Diabetes mellitus 1.12 0.72–1.76 0.62

Impaired renal function* 1.27 0.70–2.33 0.44

Stroke 1.36 0.79–2.33 0.26

Coronary disease 1.15 0.74–1.80 0.53

Current smoker 1.82 1.05–3.14 0.032

Former smoker 1.48 0.86–2.55 0.16

Rutherford category 1.51 1.05–2.18 0.026

Number of treated lesions 0.80 0.60–1.06 0.13

Low ABI (<0.7) 0.89 0.55–1.44 0.63

High ABI (>1.4/unmeasurable) 3.38 1.71–6.68 <0.001

ABI indicates ankle-brachial index; DES, drug-eluting stent.
*Impaired renal function defined as estimated glomerular filtration rate <30 mL/min/
1.73 m2.

Table 5. Cox Regression Analysis of Risk of Event

Variables at Baseline Hazard Ratio 95% CI P Value

Univariate analysis

Treatment with DES 0.67 0.46–0.99 0.043

Multivariate analysis

Treatment with DES 0.62 0.42–0.92 0.019

Age 1.04 1.02–1.07 <0.001

Diabetes mellitus 1.14 0.74–1.76 0.53

Impaired renal function* 1.06 0.59–1.92 0.85

Stroke 1.53 0.90–2.58 0.12

Coronary disease 1.33 0.87–2.05 0.19

Former smoker 1.21 0.71–2.05 0.48

Current smoker 1.58 0.93–2.71 0.09

Rutherford category 1.39 0.97–1.99 0.08

Number of treated lesions 0.81 0.62–1.06 0.13

Low ABI (<0.7) 0.95 0.59–1.50 0.81

High ABI (>1.4/unmeasurable) 2.88 1.50–5.53 0.001

ABI indicates ankle-brachial index; DES, drug-eluting stent.
*Impaired renal function defined as estimated glomerular filtration rate <30 mL/min/
1.73 m2.

Table 3. Cox Regression Analysis of the Risk of Major
Amputation

Variables at Baseline Hazard Ratio 95% CI P Value

Univariate analysis

Treatment with DES 0.53 0.25–1.12 0.10

Multivariate analysis

Treatment with DES 0.61 0.27–1.36 0.22

Age 1.01 0.98–1.04 0.60

Diabetes mellitus 3.43 1.15–10.24 0.027

Impaired renal function* 1.80 0.68–4.74 0.24

Stroke 0.88 0.32–2.46 0.81

Coronary disease 1.32 0.57–3.05 0.52

Current smoker 1.86 0.70–4.94 0.21

Former smoker 1.20 0.39–3.71 0.75

Rutherford category 2.12 1.06–4.24 0.035

Low ABI (<0.7) 1.30 0.53–3.19 0.57

High ABI (>1.4/unmeasurable) 2.04 0.67–6.23 0.21

Number of included lesions 0.75 0.43–1.30 0.31

ABI indicates ankle-brachial index; DES, drug-eluting stent.
*Impaired renal function defined as estimated glomerular filtration rate <30 mL/min/
1.73 m2.

Table 6. Patency Per Lesion at 1-Year Follow-up (Duplex)

Modified Intention-to-Treat Analysis

PTA-BMS DES

P Value†n=71* n=90*

Lesions with preserved patency 30 (42.3) 59 (65.6) 0.007

Ordinal score 0.021

≤50% stenotic 30 (42.3) 59 (65.6)

>50% stenotic 12 (16.9) 2 (2.2)

Occluded 6 (8.5) 5 (5.6)

Amputation/CLI-related
death/treatment in interim

23 (32.4) 24 (26.7)

Values are n (%). BMS indicates bare metal stent; CLI, critical limb ischemia; DES, drug-
eluting stent; PTA, percutaneous transluminal angioplasty.
*Number of limbs/lesions with available diagnostic imaging and those with treatment
failure. Imaging unavailable for 9 limbs in the PTA-BMS group and 8 limbs in the DES
group. Limbs/lesions in patients deceased due to unrelated causes were censored (10
limbs in PTA-BMS, 10 limbs in DES).
†P value weighted by number of lesions per patient.

DOI: 10.1161/JAHA.116.004877 Journal of the American Heart Association 8

Long-Term Follow-up of the PADI Trial Spreen et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



the literature to determine whether this improvement, which
has been suggested to be the result of improved secondary
prevention, also occurs in the long term.27,29

Additional subgroup analysis showed lower events in the
DES subgroup, but because the numbers in the different
subgroups are small, no further conclusions should be drawn
about which specific patients would potentially benefit more
from treatment with DESs.

We found a more favorable major amputation rate in the
DES group, with a trend toward significance. Survival rates,
however, were comparable in both groups, whereas it is
generally assumed that survival is negatively affected after
major amputation.4 Our results do not confirm this assump-
tion; this may be explained by the lower major amputation

rate (up to 34% after 5 years) in comparison with the overall
high death rate (>60% after 5 years) in patients with
abundant comorbidity. The fact that the difference in
amputation rate did not reach statistical significance but
the difference in amputation- and event-free survival did is
probably due to the higher number of events in the latter
analyses.

DESs used in this study were balloon-expandable coro-
nary DESs, with the most important disadvantage being
limited length only suited to treat lesions up to 90 mm.
Infrapopliteal disease in CLI patients, especially those with
diabetes mellitus, is known to consist of long and diffuse
lesions.31,32 The fact that the concept of DESs seems to be

Table 7. Patency Per Lesion at 2-Year Follow-up (Duplex)

Modified Intention-to-Treat Analysis

PTA-BMS DES

P Value†n=45* n=48*

Lesions with preserved patency 11 (24.4) 15 (31.3) 0.25

Ordinal score 0.64

≤50% stenotic 11 (24.4) 15 (31.3)

>50% stenotic 4 (8.9) 2 (4.2)

Occluded 2 (4.4) 4 (8.3)

Amputation/CLI-related
death/treatment in interim

28 (62.2) 27 (56.3)

Values are n (%). BMS indicates bare metal stent; CLI, critical limb ischemia; DES, drug-
eluting stent; PTA, percutaneous transluminal angioplasty.
*Number of limbs/lesions with available diagnostic imaging and those with treatment
failure. Imaging unavailable for 19 limbs in the PTA-BMS group and 29 limbs in the DES
group. Limbs/lesions in patients deceased due to unrelated causes were censored (18
limbs in PTA-BMS, 14 limbs in DES).
†P value weighted by number of lesions per patient.

Table 8. Patency Per Lesion at 3-Year Follow-up (Duplex)

Modified Intention-to-Treat Analysis

PTA-BMS DES

P Value†n=39* n=53*

Lesions with preserved patency 8 (20.5) 20 (37.7) 0.036

Ordinal score 0.18

≤50% stenotic 8 (20.5) 20 (37.7)

>50% stenotic 2 (5.1) 2 (3.8)

Occluded 1 (2.6) 2 (3.8)

Amputation/CLI-related
death/treatment in interim

28 (71.8) 29 (54.7)

Values are n (%). BMS indicates bare metal stent; CLI, critical limb ischemia; DES, drug-
eluting stent; PTA, percutaneous transluminal angioplasty.
*Number of limbs/lesions with available diagnostic imaging and those with treatment
failure. Imaging unavailable for 19 limbs in the PTA-BMS group and 22 limbs in the DES
group. Limbs/lesions in patients deceased due to unrelated causes were censored (22
limbs in PTA-BMS, 19 limbs in DES).
†P value weighted by number of lesions per patient.

Table 9. Patency Per Lesion at 4-Year Follow-up (Duplex)

Modified Intention-to-Treat Analysis

PTA-BMS DES

P Value†n=37* n=46*

Lesions with preserved patency 5 (13.5) 15 (32.6) 0.031

Ordinal score 0.08

≤50% stenotic 5 (13.5) 15 (32.6)

>50% stenotic 2 (5.4) 0

Occluded 0 2 (4.3)

Amputation/CLI-related
death/treatment in interim

30 (81.1) 29 (63.0)

Values are n (%). BMS indicates bare metal stent; CLI, critical limb ischemia; DES, drug-
eluting stent; PTA, percutaneous transluminal angioplasty.
*Number of limbs/lesions with available diagnostic imaging and those with treatment
failure. Imaging unavailable for 11 limbs in the PTA-BMS group and 21 limbs in the DES
group. Limbs/lesions in patients deceased due to unrelated causes were censored (27
limbs in PTA-BMS, 21 limbs in DES). Follow-up still ongoing for 6 limbs in the PTA-BMS
group and 5 limbs in the DES group.
†P value weighted by number of lesions per patient.

Table 10. Patency Per Lesion at 5-Year Follow-up (Duplex)

Modified Intention-to-Treat Analysis

PTA-BMS DES

P Value†n=35* n=43*

Lesions with preserved patency 3 (8.6) 5 (11.6) 0.67

Ordinal score 0.52

≤50% stenotic 3 (8.6) 5 (11.6)

>50% stenotic 1 (2.9) 0

Occluded 0 2 (4.7)

Amputation/CLI-related
death/treatment in interim

31 (88.6) 36 (83.7)

Values are n (%). BMS indicates bare metal stent; CLI, critical limb ischemia; DES, drug-
eluting stent; PTA, percutaneous transluminal angioplasty.
*Number of limbs/lesions with available diagnostic imaging and those with treatment
failure. Imaging unavailable for 7 limbs in the PTA-BMS group and 12 limbs in the DES
group. Limbs/lesions in patients deceased due to unrelated causes were censored (30
limbs in PTA-BMS, 28 limbs in DES). Follow-up still ongoing for 11 limbs in the PTA-BMS
group and 12 limbs in the DES group.
†P value weighted by number of lesions per patient.
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effective below the knee to reduce restenosis warrants the
development of long and flexible self-expandable DESs,
enabling the treatment of longer infrapopliteal lesions with
DESs.

An alternative drug-eluting technique is PTA using a drug-
eluting balloon. To date, performance of the drug-eluting
balloon has not proved to be superior for infrapopliteal
lesions. Although some studies found more favorable patency
rates and lower restenosis rates in comparison with PTA,33,34

the most recently conducted randomized trial did not show a
difference in the primary efficacy end point of late lumen
loss.35 Furthermore, this latter trial found a trend of higher
amputation rates in the drug-eluting balloon group (8.8%
versus 3.6% with PTA; P=0.08).35

The major strength of the present study is the long follow-
up period up to 5 years after treatment, with very few patients
lost to follow-up. Furthermore, we included only CLI patients,
who are actually at risk of clinical events.

Unfortunately, during the 5 years of follow-up, a substan-
tial number of patients were physically unable to visit the
hospital for evaluation by the vascular surgeon and duplex
sonography of the treated limb. Consequently, we could
present major clinical end points, such as major amputation,
reinterventions, and survival, for all patients and the primary
patency rates for a subgroup only.

Another limitation is that we did not test the cost-
effectiveness of DESs. In fact, this is important to evaluate
because drug-eluting devices are costly. In addition to the
already existing evidence of the superior performance of DESs
in infrapopliteal lesions, cost-effectiveness should be derived
in the future.

In conclusion, this randomized controlled trial showed that
long-term amputation- and event-free survival in patients with
CLI due to infrapopliteal lesions is more favorable after
treatment with DESs compared with the conventional endovas-
cular strategy of PTA-BMS. The limited available morphological
results also showed higher preserved patency rates after DESs
than after PTA-BMS. Given the feasibility of DESs for
infrapopliteal lesions, proven not only at short and midterm
but also long term, one should consider treatment with a DES
in patients with CLI caused by lesions below the knee.
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Table	  S1.	  Outcome	  at	  1	  year	  follow-‐up,	  per	  patient	  

Status	  after	  1	  year	   PTA±BMS	  (N=64)	   DES	  (N=73)	  

Alive	  without	  amputation	  or	  re-‐intervention	   38	  (59.4)	   47	  (64,4)	  

Major	  amputation	   7	  (10.9)	   5	  (6.8)	  

Re-‐intervention	   3	  (4.7)	   3	  (4.1)	  

Amputation	  and	  death	   4	  (6.3)	   3	  (4.1)	  

Re-‐intervention	  and	  death	   0	   1	  (1.4)	  

Re-‐intervention,	  amputation	  and	  death	   1	  (1.6)	   0	  

Death	   11	  (17.2)	   14	  (19.2)	  

P	  =	  0.78	  (χ2).	  

BMS	  indicates	  bare	  metal	  stent;	  DES,	  drug-‐eluting	  stent;	  and	  PTA,	  percutaneous	  transluminal	  

angioplasty.	  Values	  are	  N	  (%).	  

	  

Table	  S2.	  Outcome	  at	  2	  years	  follow-‐up,	  per	  patient	  

Status	  after	  2	  years	   PTA±BMS	  (N=64)	   DES	  (N=73)	  

Alive	  without	  amputation	  or	  re-‐intervention	   26	  (40.6)	   42	  (57.5)	  

Major	  amputation	   8	  (12.5)	   3	  (4.1)	  

Re-‐intervention	   5	  (7.8)	   4	  (5.5)	  

Amputation	  and	  death	   5	  (7.8)	   6	  (8.2)	  

Re-‐intervention	  and	  death	   0	   1	  (1.4)	  

Re-‐intervention,	  amputation	  and	  death	   1	  (1.6)	   0	  

Death	   19	  (29.7)	   17	  (23.3)	  

P	  =	  0.25	  (χ2)	  

BMS	  indicates	  bare	  metal	  stent;	  DES,	  drug-‐eluting	  stent;	  and	  PTA,	  percutaneous	  transluminal	  

angioplasty.	  Values	  are	  N	  (%).	  

	  

	   	  



Table	  S3.	  Outcome	  at	  3	  years	  follow-‐up,	  per	  patient	  

Status	  after	  3	  years	   PTA±BMS	  (N=64)	   DES	  (N=73)	  

Alive	  without	  amputation	  or	  re-‐intervention	   21	  (32.8)	   35	  (47.9)	  

Major	  amputation	   8	  (12.5)	   4	  (5.5)	  

Re-‐intervention	   4	  (6.3)	   4	  (5.5)	  

Amputation	  and	  death	   5	  (7.8)	   6	  (8.2)	  

Re-‐intervention	  and	  death	   1	  (1.6)	   1	  (1.4)	  

Re-‐intervention,	  amputation	  and	  death	   1	  (1.6)	   0	  

Death	   23	  (35.9)	   22	  (30.1)	  

Lost	  to	  follow-‐up	   1	  (1.6)	   1	  (1.4)	  

P	  =	  0.61	  (χ2)	  

BMS	  indicates	  bare	  metal	  stent;	  DES,	  drug-‐eluting	  stent;	  and	  PTA,	  percutaneous	  transluminal	  

angioplasty.	  Values	  are	  N	  (%).	  

	  

Table	  S4.	  Outcome	  at	  4	  years	  follow-‐up,	  per	  patient	  

Status	  after	  4	  years	   PTA±BMS	  (N=64)	   DES	  (N=73)	  

Alive	  without	  amputation	  or	  re-‐intervention	   12	  (18.8)	   29	  (39.7)	  

Major	  amputation	   7	  (10.9)	   1	  (1.4)	  

Re-‐intervention	   2	  (3.1)	   4	  (5.5)	  

Amputation	  and	  death	   5	  (7.8)	   7	  (9.6)	  

Re-‐intervention	  and	  death	   1	  (1.6)	   1	  (1.4)	  

Re-‐intervention,	  amputation	  and	  death	   1	  (1.6)	   0	  

Death	   29	  (45.3)	   24	  (32.9)	  

Lost	  to	  follow-‐up	   1	  (1.6)	   2	  (2.7)	  

Follow-‐up	  ongoing	   4	  (6.3)	   3	  (4.1)	  

Amputation,	  follow-‐up	  ongoing	   2	  (3.1)	   2	  (2.7)	  

P=0.12	  (χ2)	  

BMS	  indicates	  bare	  metal	  stent;	  DES,	  drug-‐eluting	  stent;	  and	  PTA,	  percutaneous	  transluminal	  

angioplasty.	  Values	  are	  N	  (%).	  

	  

	  

	  

	  

	  

	  



Table	  S5.	  Outcome	  at	  5	  years	  follow-‐up,	  per	  patient	  

Status	  after	  5	  years	   PTA±BMS	  (N=64)	   DES	  (N=73)	  

Alive	  without	  amputation	  or	  re-‐intervention	   8	  (12.5)	   11	  (15.1)	  

Major	  amputation	   5	  (7.8)	   2	  (2.7)	  

Re-‐intervention	   1	  (1.6)	   3	  (4.1)	  

Amputation	  and	  death	   5	  (7.8)	   7	  (9.6)	  

Re-‐intervention	  and	  death	   1	  (1.6)	   2	  (2.7)	  

Re-‐intervention,	  amputation	  and	  death	   1	  (1.6)	   0	  

Death	   31	  (48.4)	   32	  (43.8)	  

Lost	  to	  follow-‐up	   1	  (1.6)	   4	  (5.5)	  

Follow-‐up	  ongoing	   5	  (7.8)	   9	  (12.3)	  

Re-‐intervention,	  follow-‐up	  ongoing	   1	  (1.6)	   1	  (1.4)	  

Amputation,	  follow-‐up	  ongoing	   5	  (7.8)	   2	  (2.7)	  

P	  =0.63	  (χ2)	  

BMS	  indicates	  bare	  metal	  stent;	  DES,	  drug-‐eluting	  stent;	  and	  PTA,	  percutaneous	  transluminal	  

angioplasty.	  Values	  are	  N	  (%).	  

	  

	  

	  


