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OBJECTIVES To compare the angiographic and clinical outcomes in patients who have undergone peripheral artery 
intervention using either drug eluting stems (DES) or bare metal scents (BMS). 

METHODS A meta-analysis of randomized studies chat compare DES and BMS in patients with femoropoplireal 
occlusive artery disease .. 

RESULTS Five clinical trials met the inclusion criteria. Results showed that using DES yielded a higher arterial 
patency rate (RR 1.41; 95% CI l.23-1.61), reduced restenosis rate (RR 0.46; 95% CI 0.33-0.63), 
and had a lesser tendency for repeat revascularization (RR 0.29; 95% CI 0.16-0.51) compared with 
BMS. However, no statistical significance was noted between the two interventions in terms of mortality 
rare (RR 0.93; 95% CI 0.47-1.83) and ankle brachia! index score (mean difference of 0.06; 95% CI 
0.02-0.09). 
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femoropopliteal occlusive disease 

Femoropopliceal artery occlusive disease is peripheral 

arcery disease (PAD) chat is usually caused by 

atherosclerosis and might eventually lead to arterial scenosis 

and occlusions in che major vessels supplying che lower 

extremities. Majority of patients wich PAD have limited 

exercise performance and walking ability, consequently 

reducing their physical functioning and quality of life. 1 

The clinical staging of chronically ischemic extremity uses 

Rutherford classification. 2 Based on chis staging, the 

spectrum of the disease ranges from mild co severe 

claudication or frank gangrene chat may eventually lead 

co critical limb ischemia (CLI), amputation, and even 

death. It is estimated chat CLI develops in 15% to 30% 

of patients in the form of intermittent claudicacion in 

patients wich PAD.3 Patients with CLI have 20% mortality 

in che first year after presentation.' 

Patients with PAD in general have multiple 

acherosclerocic risk factors and extensive acherosclerotic 

disease, which put chem ac markedly increased risk for 

cardiovascular events, similar to patients with established 

coronary artery disease (CAD). Mortality rates in pati�nts 

with PAD average 2% per year and the rates of non-fatal 

myocardial infarction, stroke and vascular death are 5% 

co 7% per year. 5

Open surgery is the traditional treatment of choice 

for individuals with CLI.6 However, surgical bypass 

reconstruction is associated with high peri-operative 

mortality rate that ranges from 1.8% to 6%. 7
•

8 

Endovascular recanalization of che femoropopliceal arteries 

has been described lately as a promising alcernacive or 

even the first line strategy considering the accompanying 

co-morbidities of patients with CLI chat may render them 

ineligible for peripheral bypass surgery. Percutaneous 

cransluminal angioplasty (PTA) for occlusive 

femoropopliteal arteries is a recommended strategy, but 

carries a high rescenosis race of 50-60% after one year. 1•9· 

11 Several factors are contributory co shore-lived patency 

rate of PTA in peripheral artery interventions; one is due 

to sluggish blood flow noted in the long and diminutive 

tibial arteries which generates elastic recoil, neointimal 

hyperplasia, rescenosis, and therapeutic failure. 

Additionally, the involved peripheral arteries have higher 

prevalence for calcification and more complex or diffuse 

lesion as compared with coronary vessels. 12•13 
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With the attendant high restenosis rate with PTA and 

the encouraging results noted with coronary intervention 

using scents, bare metal stem (BMS) implantation was 

eventually introduced in peripheral artery intervention. 

Scents provide a permanent scaffold for the vessel that 

reduce vessel recoil and vascular remodeling, which are 

the two main factors in restenosis. However, restenosis 

remains a significant problem in peripheral intervention 

using BMS, with a 12-month restenosis rate ranging 

between 20% and 37%. 14•19 

The enthusiastic results of the utilization of drug 

eluting scents (DES) in coronary arteries was the impetus 

for the widespread application of these devices in other 

vascular territories, including, but not limited to, 

femoropopliteal arteries. Following encouraging short

term results, investigators have documented significant 

inhibition of restenosis, with sustained clinical 

improvement and significantly fewer repeat 

revascularizations up to 3 years post-implantation. 14-20•24 

However, utilization of DES as better alternative to BMS 

in femoropopliteal artery occlusive disease is not as 

established as compared with its application in coronary 

vessels. As of this writing, no meta-analysis has yet been 

published comparing BMS and DES in femoropopliteal 

artery occlusive disease. 

The objective of this study is to compare the 

angiographic and clinical outcomes in patients who have 

undergone peripheral artery intervention using either DES 

or BMS. 

METHODS 

Criteria for considering studies for this review 

Only prospective randomized controlled trials 

comparing DES and BMS placement on patients with 

femoropopliteal artery o�du:;ive diseases were included. 

Retrospective studies, prospective cohort studies, clinical 

registries, and animal laboratory studies were excluded 

from the analysis. 

Types of participants 

Studies selected were conducted on adults diagnosed 

with symptomatic peripheral artery occlusive disease by 

peripheral angiogram. 

Types of interventions 

The experimental intervention is any DES coated with 

any of the following drugs: sirolimus, paclitaxel, 

zotarolimus, and everolimus, among others. The control 

intervention is the use of a BMS. 

Types of outcome measures 

The primary outcomes of this meta-analysis were: 

angiographic outcomes that included arterial patency and 

binary restenosis rate; and clinical outcomes that included: 

need for repeat revascularization, mortality rate and ankle 

brachia! index (ABI). Arterial patency was defined as 

angiographic or duplex ultrasound criteria of a non

occluded lesion. Binary restenosis rate was defined as a 

vascular restenosis exceeding the 50% threshold according 

to the reference diameter. Mortality rate was defined as 

all-cause mortality. ABI was defined as the ratio of 

the blood pressure in the lower legs to the blood pressure 

in the arms. 

Search methods for identification of studies 

Study search included searching PUBMED by using 

free text and MeSH terms to search all registered trials 

and databases. Search terms were "drug coated stent", 

"drug eluting stent", "bare metal stents", "peripheral 

artery intervention", and "femoropopliteal artery". Only 

randomized controlled trials were included. No language 

restrictions were applied. Similar searches were conducted 

using MED LINE and Cochrane CENTRAL databases. 

To identify ongoing and unpublished studies, the 

Clinicaltrials.gov website was searched using the same key 

words. The reference listings of retrieved studies were 

inspected for further eligible studies. If full text journals 

could not be retrieved, attempts were made to contact 

the authors of particular studies. 

Selection of studies/Data collection and analysis 

The two authors independently assessed the tides of 

articles and abstracts retrieved from the search. Full text 

articles were retrieved for those that appeared to potentially 

meet the inclusion criteria. Should there be questions or 

doubts about the eligibility of the studies, a discussion 

ensued and consensus was reached between the two 
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independent reviewers. However, should there be any 

disagreemenrs that could nor be resolved, a third parry 

was required co arbitrate. Reviewers were nor blinded co 

the names of authors and institutions at any stage of the 

review. 

Data extraction and management 

A data extraction form developed by the two authors 

based on the template of Review Manager 5 (RevMan5) 

was used. The form included data regarding 

methodological study, sample size, duration of the study, 

setting, type of involved lesions (above or infra-popliceal), 

baseline characteristics, type and brand name of scents 

used, and outcomes. Data were independently extracted 

by two reviewers and organized using RevMan 5. 

Assessment of risk of bias in included studies 

The two authors independently appraised the quality 

of the included studies by assessing random sequence 

generation, allocation concealment, blinding, incomplete 

outcome data and selective reporting. The included 

studies were judged as having low, high or uncertain risk 

of bias. 

Statistical analysis 

For statistical analysis of dichotomous outcomes 

(arterial patency rare, binary restenosis rare, target vessel 

revascularizarion, and mortality rate), relative risk (RR) 

with 95% confidence intervals (95% CI) were calculated 

using rhe fixed-effect model. For continuous outcomes 

represented by ankle brachial index score, mean difference 

was used with 95% confidence intervals (95% CI). All 

data values were imputed in RevMan 5. Some of the units 

Table 1. Summary of included studies. 

Study ID # of Participants Study duration Type of Studies 

Bosiers 2012 140 12 months RCT, mulcicenter 

Rascan 2011 161 12 monchs RCT, mulcicentcr 

Dake 2011 121 12 monchs RCT, mulcicentcr 

Falkowski 2008 50 6 months RCT, open label 

Duda 2006 93 24 months RCT, double blind 

RC=Rutheiford Classification; RCT =randomized controlled trial 

used in the studies were in percentages, and had co be 

converted to whole numbers. 

ScaciscicaJ heterogeneity across studies was evaluated 

using Chi-square statistic. A p-value of less than 0.10 

was used to reject the null hypothesis of homogeneity 

between studies. To quantify the degree of inconsistency, 

the I2 statistic was used. A value greater than 50% suggests 

substantial heterogeneity. 

RevMan 5 was used for all data analyses. Studies 

reporting the same type of outcome were combined. 

Since no significant heterogeneity noted on all 

included studies, sensitivity analysis was not done co 

possibly remove any outliers. 

RESULTS AND DISCUSSION 

Of the 33 studies initially retrieved, nine studies were 

evaluated for eligibility (Figure 1). Four were excluded 

due co following reasons: one was a prospective cohort 

study; one was a clinical registry study; one was a 

retrospective cohort study; and the last was only the initial 

publication of a two-phase srudy with the same 

population.25 Hence, five published studies met the 

inclusion criteria and were included. 26
•
28

•
31 The summary 

of details of the included studies are provided in Table 1. 

These five clinical randomized trials were performed 

in adult patients and were conducted in Germany, Poland, 

Belgium, Australia, Austria, the Netherlands, France and 

the United States of America. All together, these studies 

enrolled 565 patients. The study of Rastan et al had the 

most number of patients enrolled (n=l 61).31 

The summary of assessment of the quality of the 

individual studies is shown in Figures 2 and Table 2. In 

the study by Rascan et al3 1
, the operator was not blinded, 

RC Location of Lesions Type of DES 

RC4- 5 lnfrapoplireal )Gence V 

RC 3-5 lnfrapopliteal Sirolimus 

RC?.2 Femoropoplireal/bail-out seeming Paclitaxel 

RC 3-5 Crural Arteries Sirolimus 

RC 1-4 Superficial Femoral Artery Sirolimus 
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which could potentially influence important adjunctive 

aspects of therapy, such as the degree of pose-dilatation 

and the rigor of follow-up. Four studies did not mention 

# ot records 
ldentWied through 
database 

searching: 18 

I 

# or adat0onaI 
records Identified 
through other 

sources: "15 

I 

# ot records after dUplicates 

removed 33 

#of records 
screened: 33 

#of records 
1----iexclUded: 24 

4 full-text artlcles 
exclUded due to 

tolloYling reasons: 

retrospective 

studies, 
prospective 

COhOtt. cllnlcal 
reglstnes. one 
study 1s part of 2 
phase follow-up of 

Included study # or run-text 
articles assessed 
for eligibility: 9 

___ w1msame 

#ot studies 
Included In 

qualitative 

synthesis: 5 

#of studies 

Included in 

quanutauve 

synthesis 
(meta-anatysts): 5 

population 

PRISMA;Preferred Reporting Items far Systrmatic reviews and Mera

Annlyus 

Figure 1. PRISMA study flow diagram. 

allocation concealment. Some studies did not state blinding 

of operators that could potentially be a source of 

performance bias but since both BMS and DES were 

identical in appearance and had no difference in packing 

or labeling, performance bias may have been minimized. 

Majoriry of the included studies randomized to DES 

or BMS at the outset. However, Dake 2011 29 randomized 

only to the above if provisional scenting was needed due 

to initially failed angioplasry procedure. This could have 

affected the degree of outcomes since the involved lesions 

after failed angioplasry could be more complicated and 

diffuse. 

In this meta-analysis, DES was more effective in 

improving angiographic and clinical outcomes compared 

to BMS. Utilization of DES yielded a statistically higher 

patency rare (RR 1.41; 95% CI 1.23-1.61) (Figure 3); 

reduced restenosis rate (RR 0.46; 95% CI 0.33-0.63) 

(Figure 4); and had lower tendency for repeat 

revascularizarion (RR 0.29; 95% CI 0.16-0.51) (Figure 

5). However, no statistical significance was noted between 

the two interventions regarding mortaliry rate (RR 0.93; 

95% CI 0.47-1.83) (Figure 6) and mean difference of 

ABI score 0.06 (95% CI 0.02-0.09) (Figure 7). 

In evaluating publication bias, funnel plots were 

generated for rhe angiographic and clinical outcomes, 

represented by arterial patency (Figure 8) and target vessel 

revascularizarion (Figure 9), respectively. These funnel 

plots showed that the studies were within the funnel and 

symmetrical, which can be interpreted as having minimal 

publication bias. 

In this meta-analysis , there was congruence in the 

outcomes for both angiographic and clinical outcomes. 

Arterial patency rate was better with DES than with BMS. 

However, the rate of restenosis was not statistically 

significant in rhe study of Duda et al 26, which could

Random sequence generatioo (seled>on bias) 

AlocatJOn concealment (selection bias) 

Blinding of partic:ipanlS and persoMel (perfoonance bias) 

Binding of oota,me assessment (detection bias) 

lnoomplete outcome data (attrition bias) 

j liJ Lew, risk ol boas 0 Urdear ris� of bias 

0% 25% 50% 75% 100% 

I High risk of bias 

Figure 2. Assessment of risk of bias. 
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Table 2. Summary of assessment of risk of bias per study. 

Bosiers 
2012 

Random sequence 
generation (selection bias) 

Allocation concealment 
(selection bias) 

Yes 

Yes 

Blinding of participants and personnel 
(performance bias) 

Unknown 

Blinding of outcome assessment 
(detection bias) 

Incomplete outcome data 
(attrition bias) 

Yes 

Yes 

Drug Eluting Stent Bare Metal Stent 

Stud or Sub rou Events Total Events 

Bosiers 2012 

Dake 2011 

Rastan 2011 

Total (95% Cl) 

63 74 
55 61 

40 50 

185 

37 

43 

18 

Total events 158 98 

Heterogeneity: Chi2 = 2.78, df = 2 (P = 0.25); 12 = 28% 

Test for overall effect: Z = 4.89 (P < 0.00001) 

Total 

66 

59 

35 

160 

Wei ht 

37.6% 

42.0% 

20.4% 

100.0% 

Dake Duda 

2011 2006 

Yes Yes 

Unknown Unknown 

Unknown Yes 

Yes Yes 

Yes Unknown 

Risk Ratio 

M-H, Fixed, 95% Cl

1.52 [1.20, 1.92]

1.24 [1.04, 1.48]

1.56 (1.10, 2.21]

1.41 [1.23, 1.61)

0.01 0.1 

Falkowski 
2008 

Yes 

Unknown 

Unknown 

Unknown 

Unknown 

Risk Ratio 

M-H, Fixed, 95% Cl

.... 

--

♦ 

Rastan 

2011 

Yes 

Unknown 

No 

Yes 

Yes 

10 100 
Favors Bare Metal Stent Favors Drug Eluting Stent 

Figure 3. Arterial patency between drug eluting stents and bare metal stents in patients with femoropopliteal occlusive 
disease. 

Drug Eluting Stent Bare Metal Stent 

Stud or Sub rou Events Total Events Total 

Bosiers 2012 13 74 24 66 

Duda 2006 8 35 8 38 

Falkowski 2008 4 25 19 25 

Rastan 2011 16 82 35 79 

Total (95% Cl) 216 208 

Total events 41 86 

Heterogeneity: Chj2 = 6.58, df = 3 (P = 0.09); 12 = 54% 

Risk Ratio 

Wei ht M-H, Fixed, 95% Cl

28.9% 0.48 [0.27, 0.87] 

8.7% 1.09 [0.46, 2.58] 

21.7% 0.21 [0.08, 0.53) 

40.7% 0.44 [0.27, 0.73] 

100.0% 0.46 [0.33, 0.63) 

Risk Ratio 

M-H, Fixed, 95% Cl

0.01 0.1 

----

♦ 

10 100 
Test for overall effect: Z = 4.76 (P < 0.00001) 

Drug Eluting Stents Bare Metal Stents 

Figure 4. Binary restenosis between drug eluting stents and bare metal stents in patients with femoropopliteal occlusive 
disease. 

probably be attributed to the equipment used for outcome 

assessment. The trialists in this study used duplex 

ultrasound to determine restenosis rate, while the rest used 

angiographic study. Although there is a good correlation 

between duplex ultrasound and angiographic studies, the 

possibility that this could have affected the results of the 

outcome could not be discounted completely. 

Target vessel revascularization was better with DES 

than with BMS, but had no statistically significant results 

on mortality rates. Probably, further improvement on 

techniques or drug administration after intervention may 

further establish a benefit on the use of DES, as clearly 

shown in coronary intervention where the restenosis rate 

has been reduced to below 10%. Additionally, mortality 
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Drug Eluting Stent Bare Metal Stent 

Stud or Sub rou Events Total Events Total 

Bosiers 2012 7 74 22 66 

Duda 2006 3 47 6 46 

Falkowski 2008 3 25 14 25 

Total (95% Cl) 146 137 

Total events 13 42 

Heterogeneity: Chi2 
= 0.88, df = 2 (P = 0.64); 12 

= 0% 

Risk Ratio 

Wei ht M-H, Fixed, 95% Cl

53.7% 0.28 [0.13, 0.62] 

14.0% 0.49 [0.13, 1.84] 

32.3% 0.21 [0.07, 0.65] 

100.0% 0.29 [0.16, 0.51] 

Risk Ratio 

M-H, Fixed, 95% Cl

----

0.01 0.1 

I 

• 

10 100 
Test for overall effect: Z = 4.24 (P < 0.0001) Drug eluting stents Bare metal stents 

Figure 5. Target vessel revascularization between drug eluting stents and bare metal stents in patients with femoropopliteal 
occlusive disease. 

Drug Eluting Stent Bare Metal Stent 

Stud or Sub rou Events Total Events 

Bosiers 2012 12 74 12 

Duda 2006 2 31 2 

Total (95% Cl) 105 

Total events 14 14 
Heterogeneity: Chi2 = 0.06, df = 1 (P = 0.80); 12 = 0% 

Test for overall effect: Z = 0.22 (P = 0.83) 

Total 

66 

36 

102 

Risk Ratio 

Wei ht M-H, Fixed, 95% Cl

87.3% 0.89 [0.43, 1.85] 

12.7% 1.16 [0.17, 7.77] 

100.0% 0.93 [0.47, 1.83] 

Risk Ratio 

M-H, Fixed, 95% Cl

0.01 0.1 10 100 
Drug eluting stents Bare metal stents 

Figure 6. Mortality rate between drug eluting stents and bare metal stents in patients with femoropopliteal occlusive disease. 

Drug Eluting Stent 

Mean SD Total 

0.91 0.23 61 

0.9 0.17 35 

0.72 0.16 62 

Bare Metal Stent 

Mean SD Total 

0.89 0.2 59 

0.84 0.2 37 

0.65 0.13 63 

Mean Difference Mean Difference 

Wei ht IV, Fixed, 95% Cl IV, Fixed, 95% Cl 

24.5% 0.02 [-0.06, 0.10] 

19.9% 0.06 [-0.03, 0.15] 

55.6% 0.07 [0.02, 0.12] Rastan 2011 

Total (95% Cl) 158 159 100.0% 0.06 [0.02, 0.09] 

Heterogeneity: Chi2 = 1.13, df = 2 (P = 0.57); 12 = 0% 

Test for overall effect: Z = 2.86 (P = 0.004) 
-1 -0.5 0 0.5 1

Drug Eluting Stent Bare Metal Stent 

Figure 7. Ankle brachia! index between drug eluting stents and bare metal stents in patients with femoropopliteal occlusive 
disease. 

rate could have been affected by the shorter duration of 

anti-platelet administration observed in these studies. 

Majority of the studies included only gave clopidogrel for 

a minimum of 4 weeks to 6 months (except for the study 

of Bosiers et al28
, where anti-platelet medication was given 

for 12 months). In coronary interventions, it is 

recommended that clopidogrel should be given at a 

minimum of 12 months because of the high risk for 

thrombosis if given shorter than the recommended period. 

Even though the Rutherford-Becker classification is 

higher in the study of Bosiers et al26 (4-5) compared with 

the rest of the included studies (which could signify a 

worse population characteristic), this did not affect the 

overall results of the study. 

Evidence gathered from the included studies was 

mostly from well-designed clinical trials that fulfilled the 

pre-specified quality criteria. For all outcomes combined, 

there was no substantial heterogeneity. However, majority 

of the included studies had a follow up period of 1 year or 

less, limiting evaluation on long-term outcome effects 

between these two ty pes of sten ts in peripheral 

interventions. 
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Figure 8. Funnel plot anyalsis on arterial patency (n=3 
studies). 

In pre-specifying inclusion criteria for the type of 

studies, we wanted only randomized controlled trials as 

these give the best evidence in terms of validity. Our 

inability to access databases like Indian Medlars Centre, 

African Index Medicus, Latin American and Caribbean 

Health Sciences Literature may have led to non

identification of trials with useful data. This limitation 

may have caused publication bias. 

In conclusion, DES implantation has been shown to 

significantly reduce the restenosis rate compared with 

BMS. Although the restenosis rate was still substantial, 

the use of DES is still a major breakthrough in the 

management of symptomatic peripheral artery 

intervention. Possibly, one of the reasons for the short

lived patency rate or a higher restenosis rate is the difference 

in the institution of anti-platelet medications after 

intervention. 

Further long-term follow-up is needed to evaluate the 

outcomes of these two stents. Additionally, majority of 

the recruited patients in our studies have a pre-specified 

length of stenosis, which would only require two 

overlapping stems. In future studies, inclusion of much 

worse lesions (diffuse or longer stenotic lesions) may better 

assess the maximal potential use of DES. Lastly, studies 

on the evaluation of duration of anti-platelet medications 

after peripheral intervention are needed. 
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