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Endovascular interventions are often the first option for 
patients with symptomatic peripheral artery disease (PAD) 

who present with either claudication or critical limb ischemia, 
despite medical therapy.1 The majority of these procedures are 
performed in the infrainguinal arteries, primarily in the super-
ficial femoral artery (SFA) and for the treatment of complex 
atherosclerotic disease.2 Over 70% of SFA PAD, especially in 
patients with diabetes mellitus, presents as complex lesions that 
include long (≥60 mm) diffusely diseased arterial segments or 
chronic total occlusions (CTO) and often require scaffolding 
with intravascular stent implants.3 Balloon angioplasty of such 
lesions has traditionally been associated with poor clinical out-
comes.4 This has led to the widespread use of bare-metal (nitinol) 

self-expanding stents (BMS) in the SFA.5–7 However, given the 
high rate of in-stent restenosis (ISR) with BMS, antiproliferative 
drug (paclitaxel)-coated metal stents (DCS) are being increas-
ingly used in the SFA.8 The introduction of paclitaxel on DCS 
is directed toward suppression of smooth muscle cell prolifera-
tion, thereby lowering rates of BMS ISR.9 Given the dynamic 
nature of the SFA, which may make stents prone to fracture, 
and because of potential impairment of the antithrombotic func-
tions of endothelial cells, both BMS and DCS implants could 
contribute to incomplete vascular healing and increased risk of 
stent thrombosis (ST).10,11 Self-expanding stent grafts (Viabahn), 
however, may be resistant to ISR, but may also be prone to ST by 
virtue of collateral vessel occlusion and edge restenosis.12

Background—There are limited data on femoropopliteal artery stent thrombosis (ST), which is a serious adverse outcome 
of peripheral artery interventions.

Methods and Results—Index procedures resulting in femoropopliteal ST were compared with stent procedures without 
subsequent ST in the Excellence in Peripheral Artery Disease registry. The study data had a total of 724 cases of stent 
procedures and 604 unique patients. Femoropopliteal ST occurred in 26 of 604 patients (4.3%) over a median follow-
up of 6 months post procedure. ST was more likely to occur in men (96.3% versus 82.2%; P=0.026) and to have an 
initial intervention for chronic total occlusions (88.5% versus 64.0%; P=0.01). There was no significant difference in ST 
between drug-coated and bare-metal stents (4.4% versus 3.4%; P=0.55), but the rate of ST was significantly higher with 
self-expanding covered stent grafts compared with bare-metal stents (10.6% versus 3.4%; P=0.02). ST was significantly 
associated with an increased risk of 12-month major adverse limb events (hazard ratio, 4.99; 95% confidence interval, 
2.31–10.77; P<0.001) compared with no ST. On multivariate analysis, treatment of chronic total occlusion lesions (odds 
ratio, 3.46; 95% confidence interval, 0.98–12.20; P=0.05) and in-stent restenosis lesions (odds ratio, 5.30; 95% confidence 
interval, 1.83–15.32; P=0.002) were independently associated with an increased risk of ST.

Conclusions—In a multicenter peripheral interventional registry, femoropopliteal ST occurred in 4.3% of patients who 
underwent stent procedures, and it was associated with treatment of chronic total occlusions and in-stent restenosis 
lesions, and had higher 12-month major adverse limb events.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT01904851.   
(Circ Cardiovasc Interv. 2016;9:e002730. DOI: 10.1161/CIRCINTERVENTIONS.115.002730.)
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Currently, there are no published reports of systematic 
analysis of ST after stent implants in infrainguinal peripheral 
arteries. Herein, we present results from a contemporary mul-
ticenter registry on the occurrence and predictors of infrain-
guinal peripheral artery ST.

Methods
In this study, we report data from the Excellence in Peripheral Artery 
Disease (XLPAD) multicenter registry (NCT01904851) from 8 par-
ticipating US centers between May 2005 and January 2015. The 
registry received institutional review board (IRB) approval in 2013, 
and it was built on an existing database at Dallas VA Medical Center. 
Each participating site has the provision to enter data prospectively 
(5.0%) or retrospectively (95.0%) from the year 2005 with deferred 
informed consent after approval from respective site IRBs. Currently, 
43% of cases are from the Dallas VA Medical Center. A distinguish-
ing feature of the registry includes a high level of data audit and veri-
fication performed by the study staff. The study staff has conducted 
on-site data audit and entry of 91% of procedure records and 93% of 
angiograms that have been downloaded at sites and made available 
for core laboratory analysis. Patient risk factors, comorbid disease 
conditions, laboratory data, medications, and procedural informa-
tion were entered into the Research Electronic Data Capture online 
data capture software, an electronic data capture tool hosted at the 
University of Texas Southwestern Medical Center.13 This study se-
lected 724 cases of stented procedures from the available 1790 total 
procedures entered in the XLPAD registry at the time of the study, 
which consists of 1428 femoropopliteal arterial revascularization pro-
cedures, 190 below the knee (BTK) artery, and 172 multilevel disease 
(femoropopliteal and BTK arteries).

Procedural angiograms were deidentified, mailed, and analyzed 
at the Veterans Affairs North Texas Angiography and Ultrasound 
core laboratory.14 Occurrence of ST was determined by acute onset 
of lower extremity pain in the form of claudication or acute limb 
ischemia and angiographic evidence of thrombus. The XLPAD crite-
rion for establishing the diagnosis of ST was formulated by the study 
executive committee, based on event certainty and the time frame.15 
On the basis of event certainty, ST was divided into definite, prob-
able, and possible. The diagnosis of definite ST was made after con-
firmation of a thrombotic occlusion in the lower extremity peripheral 

artery involving a stented segment (±5 mm proximal and distal to 
a stent edge) during peripheral angiography, surgical exploration, or 
autopsy in patients presenting with an acute onset of lower limb pain 
(Table 1). A case of definite ST is depicted in Figure 1. Probable ST 
was considered when an acute symptomatic occlusion involving the 
stented arterial segment was diagnosed by duplex ultrasonography, 
computed tomographic angiography, magnetic resonance imaging, 
or angiography, in the absence of angiographic, surgical, or autopsy 
confirmation. Diagnosis of thrombus of a lower extremity peripheral 
artery with previous stent(s) by any imaging modality, surgical ex-
ploration or autopsy, however not involving the stented segment was 
adjudicated as possible ST. Although these criteria are applicable to 
iliac, femoropopliteal and BTK peripheral arteries, for the purposes 
of this analysis, iliac, common femoral and BTK arterial ST were 
excluded. Timing of ST after an index procedure was divided into 
early (≤30 days), late (≥31 days to 1 year), or very late (>1 year). 
Early ST was further subdivided into acute (≤48 hours) or subacute 
(>48 hours, but ≤30 days).

Selection of lesion crossing strategy, type of guidewires, support 
catheters, stent type and dimensions, predilation and postdilation 
strategies, need for atherectomy, anticoagulation regimen, and an-
tiplatelet therapy for the index and ST revascularization procedures 
were at the discretion of the operator. Patient outcome measures 
after ST included: procedural success, periprocedural complica-
tions, and major adverse events. Procedural success was defined as 
successful revascularization of the occluded lesion and restoration 
of ≥1 vessel flow to the foot with either planned percutaneous or 
surgical revascularization. Periprocedural complications after endo-
vascular revascularization for ST were defined as the occurrence 
of a flow-limiting dissection, arterial perforation, access site hema-
toma ≥5 cm in diameter, retroperitoneal hematoma, distal emboli-
zation, major bleed requiring blood transfusion, acute renal failure, 
need for emergency surgery, or death. Periprocedural complications 
of surgical revascularization included: death, nonfatal myocardial 
infarction (MI), major bleed requiring blood transfusion, infection 

WHAT IS KNOWN

•	Minimally invasive endovascular treatment of pa-
tients with symptomatic peripheral artery disease is 
highly prevalent.

•	Although information about restenosis and durabil-
ity of peripheral interventions is widely available, 
there is little or no recognition of peripheral artery 
stent or vessel thrombosis, a rare, but serious com-
plication of endovascular intervention.

WHAT THE STUDY ADDS

•	This study is first to propose standard definition for 
peripheral artery stent and vessel thrombosis and 
present data on its incidence and outcomes.

•	The incidence of peripheral artery stent thrombosis 
is reported as 4.3%.

•	This information may guide providers caring for pa-
tients with peripheral artery disease in diagnosing 
and treating this potentially serious complication of 
endovascular intervention.

Table 1. Peripheral Artery Stent Thrombosis: Defining 
Criteria

Category Definition

Based on event certainty

    Definite stent 
thrombosis

Confirmation of a thrombotic occlusion of the 
lower extremity peripheral artery involving the 
stented segment (±5 mm proximal and distal 
to a stent edge) during peripheral angiography, 
surgical exploration, or autopsy in patients 
presenting with an acute onset of lower limb pain

    Probable stent 
thrombosis

Acute symptomatic occlusion involving the 
stented arterial segment was diagnosed by 
duplex ultrasonography, computed tomographic 
angiography, magnetic resonance imaging or 
angiography, in the absence of angiographic, 
surgical, or an autopsy confirmation

    Possible stent 
thrombosis

Diagnosis of thrombus of a lower extremity 
peripheral artery with previous stent placement 
by any imaging modality, surgical exploration, 
or autopsy, however not involving the stented 
segment

Based on event timing

    Early stent thrombosis ≤30 d

    Acute stent thrombosis ≤48 h

    Subacute stent 
thrombosis

>48 h, but ≤30 d

    Late stent thrombosis ≥31 d to 1 y

    Very late stent 
thrombosis

>1 y
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requiring intravenous antibiotics, amputation, or need for surgi-
cal re-exploration. Follow-up major adverse events were classified 
as major adverse limb (MALE) and major adverse cardiovascular 
or cerebrovascular (MACE) events. The end point of MALE was 
defined as a composite of repeat unplanned endovascular or surgi-
cal revascularization, definite ST, or major (above ankle) amputa-
tion of the target limb. The end point of MACE was a composite 

of all-cause mortality, MI, ischemic stroke, or any coronary revas-
cularization with percutaneous coronary intervention, or coronary 
artery bypass surgery. The follow-up of MALE and MACE were 
censored at 12 months post index procedure.

We identified all non–drug-coated stents as BMS, except for 
the Supera mimetic stent (Abbott Vascular, Santa Clara, CA) and 
Viabahn stent graft (Gore Medical, Newark, DE), given their 

Figure 1. Case of definite stent thrombosis.

Figure 2. Flowchart describing stent thrombosis. IQR indicates interquartile range.
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conceptually different design and deployment.16,17 Zilver PTX 
(Cook Medical, Bloomington, IN) is the only DCS used in the 
registry.18

To adequately compare procedures complicated by the occurrence 
of a first index limb ST event, comparisons were made to a cohort of 
cases with stented femoropopliteal lesions that did not subsequently 

Figure 3. Kaplan–Meier curve: stent 
thrombosis. Censored at death and 
follow-up 15 months. BMS indicates 
bare-metal stents; and DCS, drug-coated 
metal stents.

Table 2. Description of ST by Patient

Event ID ST Type ST Timing Stent Type

Index Lesion Characteristics

DAPT,* 
m

Stent 
Fracture ST TherapyIndex Lesion Type

BTK Vessel 
Runoff

1 Definite Late 11 m BMS Mid-SFA CTO 3 1 Yes Surgical intervention

2 Definite Acute 2 d BMS Popliteal CTO 2 12 No Thrombectomy, balloon angioplasty

3 Definite Late 5 m BMS Distal SFA, diffuse 3 1 No Balloon angioplasty, BMS

4 Definite Late 6 m BMS Mid-SFA CTO 2 12 No Thrombectomy, balloon angioplasty

5 Possible Very Late 13 m BMS Distal SFA CTO 3 1 No Balloon angioplasty

6 Definite Late 10 m BMS Ostial SFA CTO 1 1 No Thrombectomy, thrombolytics, BMS

7 Definite Late 2 m BMS Ostial SFA ISR, CTO 3 12 No Thrombectomy, balloon angioplasty, laser

8 Definite Subacute 1 m Viabahn Proximal SFA CTO 3 12 No Surgical intervention

9 Definite Late 5 m Viabahn Mid-SFA CTO 1 1 No Thrombectomy, balloon angioplasty

10 Definite Subacute 3 d Supera Mid-SFA CTO 1 0 No Surgical intervention

11 Definite Late 3 m Viabahn Ostial SFA CTO 3 1 No Thrombectomy, thrombolytics, Viabahn

12 Possible Acute 2 d BMS Mid-SFA ISR, CTO 3 3 No Cutting balloon angioplasty

13 Definite Acute 1 d BMS Proximal SFA ISR, CTO 3 0 No Surgical intervention

14 Definite Subacute 1 m BMS Distal SFA 2 3 No Balloon angioplasty, BMS

15 Definite Acute 1 d BMS Ostial SFA CTO 2 12 No Thrombectomy, BMS

16 Probable Subacute 1 m DCS Proximal CTO 3 12 No Balloon angioplasty, DCS

17 Definite Late 2 m Viabahn Proximal SFA CTO 3 1 No Thrombectomy, BMS

18 Definite Late 2 m DCS Proximal SFA CTO 2 12 No Surgical intervention

19 Definite Late 2 m Viabahn Distal SFA CTO 3 1 No Thrombectomy, thrombolytics, Viabahn

20 Definite Subacute 1 wk DCS Proximal SFA CTO 3 3 No Thrombectomy, balloon angioplasty

21 Definite Acute 2 d Viabahn Ostial SFA CTO 2 1 No Thrombectomy, thrombolytics, Viabahn

22 Definite Acute 2 d BMS Ostial SFA CTO 2 6 No Laser, balloon angioplasty

23 Definite Subacute 3 wk BMS Proximal SFA Diffuse 3 3 No Thrombectomy, balloon angioplasty, BMS

24 Possible Acute 2 d BMS Mid-SFA Diffuse 3 3 No Balloon angioplasty, BMS

25 Possible Late 7 m Supera Ostial SFA CTO 2 3 No Laser, BMS, balloon angioplasty

26 Definite Subacute 1 m Supera Popliteal CTO 1 0 No Thrombectomy, thrombolytics

BMS indicates bare-metal stent; BTK, below the knee; CTO, chronic total occlusion; DAPT, dual antiplatelet therapy; DCS, drug-coated stent; ISR, in-stent restenosis; 
SFA, superficial femoral artery; and ST, stent thrombosis.

*Planned duration.
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develop ST. Therefore, procedures treating BTK lesions and those 
using non–stent-based treatment strategies for femoropopliteal le-
sions were excluded from analysis. Twenty-eight percent of the cases 
included in the analysis included stent-based contralateral limb re-
vascularizations. Baseline and index procedure characteristics were 
compared between ST and no ST groups using 2-tailed Wilcoxon 
rank sum test for continuous variables and the Cochran–Mentel–
Haenszel test for categorical variables. Means and SDs were reported 
as descriptive statistics for continuous variables and frequencies and 
percentages for categorical variables. Kaplan–Meier curves (SAS 
Proc Lifetest) with log-rank test and maximum likelihood-based ran-
dom effect Cox proportional hazard model (Frailty; SAS Proc Phreg) 
were used to conduct time-to-event analysis and to compare median 
survival time to MALE and MACE censored at 12 months between 
the ST and no ST groups. A random coefficient was included in the 
models to capture within-subject correlations for subjects with >1 
stent procedure. Hazard ratios with 95% confidence intervals (CI) and 
P-values were reported for time-to-event analysis.

To identify predictive factors for ST, we used a step-wise linear 
regression approach for a final model selection. First, multiple uni-
variate generalized linear mixed models (GLMMs; Proc Glimmix 
with logit link) were conducted to estimate ST odds ratios (OR) of 
each candidate factor, separately. A random coefficient in the GLMM 
addressed within-subject variance in OR estimates of each variable. 
In GLMM, continuous variables were categorized into a binary value 
separated by the median thus; all variables of interest for GLMMs 
were dichotomized. We then used forward step-wise logistic regres-
sion and Akaike Information Criterion (smaller is a better fit) as 
model selection criteria for a multivariate GLMM. Step-wise logistic 
regressions used a significance level of 0.30 to allow a variable into 
the model and 0.35 for a variable to stay in the model. The Hosmer 
and Lemeshow goodness-of-fit test for the final selected model was 
also presented. OR with 95% CI and P values were reported. All sta-
tistical tests were 2-tailed and a P-value ≤0.05 was considered to be 
statistically significant. SAS 9.4 (SAS Institute, Cary, NC) was used 
for all statistical analyses.

Results
Figure 2 shows the distribution of cases with and without ST 
and timing and diagnosis of ST. There are a total of 604 patients 
with 724 cases in the XLPAD registry involving stent-based 
revascularization of a femoropopliteal artery. Overall, ST 
occurred in 26 of 604 individual patients (4.3%). Definite ST 
occurred in 21 (3.5%), probable ST in 1 (0.2%), and possible 
ST in 4 (0.7%). The mean survival time to ST event from the 
index procedure in patients who had ST was 2.3±3.8 months 
(median=60 days, quartiles=30–150 days) and Kaplan–Meier 
curve for ST is shown in Figure 3. Very late ST occurred in 2 
(0.3%), late ST in 12 (2.0%), and early ST in 13 (2.2%), with 
acute ST in 7 (1.2%) and subacute ST in 6 (1.0%). Description 
of ST event for each patient is provided in Table 2.

Comparisons of baseline characteristics, procedural char-
acteristics, and outcomes between the ST and no ST groups 
are shown in Table 3. Cardiovascular risk factors were not sig-
nificantly different between ST and no ST groups (Table 3). 
Compared with no ST groups, ST groups were more likely to 
involve treatment of a CTO (88.5% versus 64.0%; P=0.01), 
and longer stent lengths (446.2±124.8 mm versus 194.7±124.7 
mm; P=0.04) and lesion lengths (171.0±86.9 mm versus 
126.8±99.9 mm; P=0.01). Dual antiplatelet therapy (DAPT) 
with aspirin and a thienopyridine was prescribed at similar 
rates (81.5% versus 90.6%; P=0.16) between ST and no ST 
groups, respectively. ST occurred in 3 of 68 Zilver PTX drug-
coated stent cases (4.4%) compared with 15 of 446 BMS cases 
(3.4%; P=0.55), whereas Viabahn stent grafts experienced ST 

in 5 of 47 cases (10.8%), which was significantly higher com-
pared with BMS (P=0.02). ST with Supera mimetic stents 
occurred in 3 of 43 cases (7.0%), and it was similar to BMS 
(P=0.31; Figure 4A). Also, ST was more frequent in stented 
CTO lesions (Figure 4B). Twelve-month Kaplan–Meier curve 

Table 3. Comparison of ST and Non-ST Groups

ST (n=26)* No ST (n=578) P Value†

Baseline characteristics

    Age, y 64.2±9.4 62.4±6.8 0.204

    Male 25 (96.2%) 474 (82.0%) 0.063

    White 19 (70.4%) 376 (65.2%) 0.924

    Black 7 (25.9%) 180 (25.7%)

    Hispanic 1 (3.7%) 56 (8.3%)

    Diabetes mellitus 13 (50.0%) 315 (54.5%) 0.652

    Hyperlipidemia 23 (88.5%) 501 (86.7%) 0.722

    Hypertension 23 (88.5%) 536 (92.7%) 0.418

    Current smoker 18 (69.2%) 351 (60.7%) 0.385

    Coronary artery disease 20 (76.9%) 382 (66.09%) 0.253

    Previous myocardial infarction 11 (42.3%) 162 (28.0%) 0.115

    Previous stroke 1 (3.8%) 55(9.5%) 0.329

    Heart failure 6 (23.1%) 103 (17.8%) 0.495

    Chronic kidney disease 2 (7.4%) 94 (16.3%) 0.177

    Ankle brachial index 0.56±0.27 0.53±0.41 0.553

Rutherford category

    Rutherford 2 1 (3.9%) 35 (6.1%) 0.6687

    Rutherford 3 18 (69.2%) 382 (66.5%)

    Rutherford 4 7 (26.9%) 62 (10.8%)

    Rutherford 5 0 (0%) 69 (12.0%)

    Critical limb ischemia‡ 7 (25.9%) 131 (22.7%) 0.701

    Dual antiplatelet therapy 22 (81.5%) 523 (90.6%) 0.155

Index procedure characteristics

    SFA 27 (92.6%) 528 (91.7%) 1.000

    Popliteal artery 2 (7.7%) 48 (8.3%) 0.910

    Ostial SFA lesion 6 (23.1%) 81 (14.0%) 0.199

    Distal SFA lesion 3 (11.5%) 140 (24.2%) 0.133

    Lesion length, mm 171.0±86.9 126.8±99.9 0.011

    Chronic total occlusion 23 (88.5%) 370 (64.0%) 0.010

    In-stent restenosis 5 (19.2%) 35 (6.1%) 0.008

    BTK vessel runoff 2.50±0.71 2.26±0.81 0.714

    Bare-metal stents 15 (55.6%) 431 (74.8%) 0.041

    Supera mimetic stents 3 (11.1%) 40 (6.9%) 0.441

    Viabahn stent grafts 6 (22.2%) 41 (7.1%) 0.016

    Zilver PTX drug-coated stents 3 (11.1%) 64 (11.1%) 1.000

    Stent length, mm 246.2±124.8 194.7±124.7 0.035

    Atherectomy 8 (30.8%) 141 (24.4%) 0.461

    Procedure success 25 (96.2%) 566 (98.4%) 0.374

BTK indicates below the knee vessels; SFA, superficial femoral artery; and 
ST, stent thrombosis.

*If patients had multiple stent procedures and experienced at least 1 ST after 
any of stent procedures, the individual patient was counted as having had ST.

†Wilcoxon rank sum test for continuous variables; Cochran–Mentel–Haenszel 
test for categorical variables.

‡Includes Rutherford categories 4 and 5.
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did not indicate significant differences in median time to ST 
event among stent types and presence or absence of CTO 
lesion (Figures I and II in the Data Supplement).

Among the 26 patients with ST, 21 patients underwent 
endovascular revascularization and 5 underwent surgical 
intervention. Twelve patients (44.4%) presented with rest 
pain and 1 (3.7%) with progressive tissue loss. Angiography 
confirmed stent fracture in 1 patient (4.8%). The ostial SFA 
stent was the most common site for ST, with 6 (23.1%) 
occurrences. During endovascular intervention, aspiration 
and thrombectomy were performed in 16 (76.2%) cases of 
ST, and thrombolytic therapy was used in 6 (23.1%) cases. 
Additional stenting was performed in 12 (57.1%) procedures, 
laser atherectomy was used in 2 (9.5%) and embolic protec-
tion was used in 10 (47.6%). Of surgical interventions, 3 were 
femoral–popliteal bypass with polytetrafluoroethylene graft, 
1 femoral–popliteal bypass with greater saphenous vein graft, 
and 2 common femoral endarterectomies with patch angio-
plasty. Table 4 displays outcomes for patients treated for ST. 
Complications associated with endovascular treatment of ST 
were 1 (4.8%) each of flow-limiting dissection, distal embo-
lization, need for emergency surgery, and acute renal failure. 
One periprocedural MI occurred after surgical revascular-
ization; there were no major bleeds requiring transfusion, 
surgical reinterventions, amputations, infections requiring 
antibiotics, or deaths. After endovascular treatment for ST, 3 
(11.1%) MALE occurred within 30 days, including 1 (3.7%) 
repeat ST. A total of 10 (38.5%) MALE occurred within 1 
year, with 2 (7.4%) repeat ST events. No MACE occurred 
within 30 days, but 2 (7.7%) occurred within 1 year after 
endovascular or surgical revascularization for ST. Figure 5A 
and 5B presents Kaplan–Meier curves for 12-month MALE 
and MACE end points after stent implant, respectively, for 
both ST and no ST groups. The 12-month time censored event 
rate for MALE because the index procedure was higher for 
patients with ST compared with those without (42.3% ver-
sus 19.03%; P=0.004). The frailty model, after adjusting for 
age, gender, race, baseline ABI, diabetes mellitus, coronary 
artery disease, critical limb ischemia, and smoking, showed 
that ST groups had higher MALE rate compared with no ST 
patients (hazard ratio, 4.99; 95% CI, 2.31–10.77; P<0.001). 
The 12-month time censored event rate for MACE was not 
statistically different between ST and no ST groups.

Table 5 presents GLMM results testing all clinical, angio-
graphic, and procedural variables of interest as predictive 
factors for ST event, separately, and as a final multivariate 
GLMM, which includes all variables that were retained after 
step-wise logistic regression. These variables are previous 
MI, CTO, ISR, stent types, and length of lesion >130 mm. 
Multivariate GLMM results showed that CTO (OR, 3.46; 95% 
CI, 0.98–12.20; P=0.05) and ISR lesions (OR, 5.30; 95% CI, 
1.83–15.32; P=0.002) are predictors of ST (Table 5); however, 
not statistically significant for Viabahn stent grafts compared 
with BMS (P=0.105).

Discussion
The results of this study are the first systematically reported 
experience of lower extremity peripheral artery ST to date, 
and provide an independent clinical and angiographic core 
laboratory assessment of infrainguinal artery ST events, early 
and late clinical outcomes, and factors associated with height-
ened risk of ST. The most important observations of this study 
include (1) femoropopliteal peripheral artery ST is observed 
in 4.3% of patients, (2) treatment of CTO and in-stent resteno-
sis lesions are independently associated with an increased risk 
of future ST, and (3) femoropopliteal peripheral artery ST is 
associated with an increased risk for future adverse limb, but 
not for cardiovascular events.

In this study, ST events were most frequent in the first 
month after the index procedure, and most frequently involved 
stenting of CTO target lesions. The majority of stents implanted 
were BMS (73.8%), whereas Zilver PTX, Viabahn, and Supera 
use in the study were 11.1%, 7.8% and 7.1%, respectively. The 
relatively low use of non-BMS can be attributed to their more 
recent clinical introduction, limited availability at participat-
ing sites, or to higher cost. The registry, being observational in 
nature, is limited in its ability to account for all the variables 
leading to the selection of a particular stent type, and there-
fore subject to selection bias. The mechanism of ST could vary 
based on stent type, as all forms of non-BMS exhibited numer-
ically higher ST rates compared with BMS, with Viabahn 
achieving statistical significance. Loss of collaterals and edge 
restenosis are known factors for Viabahn stent graft thrombo-
sis.12 ST with DCS may be secondary to delayed endothelial-
ization and endothelial cell dysfunction leading to upregulation 
of prothrombotic genes with antiproliferative drug (primarily 

A B

Figure 4. A, Rate of stent thrombosis (ST) by stent type (overall ST rate=4.3%). P values are Tukey–Kramer adjusted P values. B, Rate of 
ST by chronic total occlusion.
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paclitaxel) exposure.19,20 In support of this possibility, first-gen-
eration paclitaxel drug-eluting stents were found to be asso-
ciated with higher rates of ST than BMS in the randomized 
percutaneous coronary intervention trials.21 Because of a rela-
tively small number of ST events in the study, the 12-month 
Kaplan–Meier time-to-event analyses did not find significant 
differences for ST among stent types and presence or absence 
of CTO lesion. It is important to emphasize that the ST rates 
reported for Viabahn and Zilver PTX in this study are higher 

than those reported in more recent studies.12,22–24 The increased 
rate of ST in this registry could be because of the more com-
plex lesions treated as well as heterogeneity in DAPT duration. 
Stent fractures may also contribute to both BMS and non-BMS 
thrombosis. Only 1 (4.8%) stent fracture was detected among 
patients referred for angiography and endovascular treat-
ment of ST, higher than that reported in contemporary stud-
ies.25–27 However, given the observational nature of the registry 
and lack of mandatory screening for stent fracture, its actual 
incidence cannot be estimated. These factors, together with a 
significantly higher prevalence of CTO and a trend for longer 
stent lengths in the ST cohort may account for the higher risk 
associated with ISR lesions after multivariate adjustment.28 
Although ST occurred significantly more often in males, this 
could result from the large sample of veteran patients compris-
ing the registry. It is important to indicate that nonstented fem-
oropopliteal arterial vessel thrombosis rates of 1.4% and 3.7% 
have recently been reported in the IN.PACT SFA (Randomized 
Trial of IN.PACT Admiral Drug Coated Balloon vs Standard 
PTA for the Treatment of SFA and Proximal Popliteal Arterial 
Disease [INPACT SFA I] and IN.PACT Admiral Drug-Coated 
Balloon vs Standard Balloon Angioplasty for the Treatment 
of Superficial Femoral Artery [SFA] and Proximal Popliteal 
Artery [PPA] [INPACT SFA II]) study at 12 months with drug-
coated balloon and conventional balloon angioplasty, respec-
tively (P=0.096).29

Ex vivo imaging and histopathological studies of femo-
ropopliteal CTO have indicated to extensive collagen deposi-
tion, especially at the proximal and distal caps of the CTO 
lesions.30 This observation, along with the presence of heavy 
intramural calcification may limit optimal stent expansion or 
distort the architecture of deployed stents.31 Moreover, the 
large lipid and thrombotic material in the central core of CTO 
and ISR lesions may also contribute to distal embolization and 
poor run-off.32 These histopathological features, together with 
technical factors associated with lesion crossing, treatment, 
and residual or unrecognized dissections (Figure 1) may con-
tribute to the higher hazard of ST associated with stenting of 
femoropopliteal CTO and ISR lesions.

Short (<1 month) DAPT could play a significant role in 
ST of any stent type.33,34 Stents can be a nidus for thrombus 
formation, and the use of stents are an important predictor 
of DAPT use in the XLPAD registry overall.35 The benefit of 
DAPT in preventing clinical events has been clearly demon-
strated after coronary artery stenting.36 However, the efficacy 
of DAPT use and duration is still unclear in the realm of PAD 
interventions, and as a result guidelines only recommend anti-
platelet monotherapy after peripheral artery interventions.37 
Only the MIRROR (follow-up management of peripheral 
artery intervention with clopidogrel) randomized controlled 
trial (n=40 patients) has shown superior benefit of DAPT over 
antiplatelet monotherapy in reducing repeat endovascular 
intervention rates after a peripheral intervention.38 The results 
of 2 currently ongoing randomized controlled trials will add 
to the evidence base in support or against antiplatelet use after 
peripheral interventions (A Study Comparing Cardiovascular 
Effects of Ticagrelor and Clopidogrel in Patients With 
Peripheral Artery Disease [EUCLID] available at http://
clinicaltrials.gov/show/NCT0173282; Antiplatelet Strategy 

Table 4. Outcomes After Treatment for Stent Thrombosis

Periprocedural Outcomes

Endovascular (n=21)

    Procedural complications 4 (19.0%)

    Flow-limiting dissection 1 (4.8%)

    Arterial perforation 0 (0%)

    Access site hematoma ≥5 cm in diameter 0 (0%)

    Retroperitoneal hematoma 0 (0%)

    Distal embolization 1 (4.8%)

    Major bleed requiring blood transfusion 0 (0%)

    Acute renal failure 1 (4.8%)

    Emergency surgery 1 (4.8%)

    Death 0 (0%)

Surgical (n=5)

    Procedural complications 1 (16.7%)

    Death 0 (0%)

    Major bleed requiring blood transfusion 0 (0%)

    Infection requiring IV antibiotics 0 (0%)

    Amputation 0 (0%)

    Surgical re-exploration 0 (0%)

    Postoperative myocardial infarction 1 (16.7%)

30-D outcomes

    Death 0 (0%)

    Myocardial infarction 0 (0%)

    Stroke 0 (0%)

    Overall MACE 0 (0%)

    Repeat endovascular revascularization 2 (7.4%)

    Repeat stent thrombosis 1 (3.7%)

    Surgical revascularization 1 (3.7%)

    Amputation in target limb 0 (0%)

    Overall MALE 3 (11.1%)

12-M outcomes (aggregate)

    Death 0 (0%)

    Myocardial infarction 2 (7.7%)

    Stroke 0 (0%)

    Overall MACE 2 (7.7%)

    Repeat endovascular revascularization 6 (23.1%)

    Repeat stent thrombosis 2 (7.7%)

    Surgical revascularization 3 (11.5%)

    Amputation in target limb 0 (0%)

    Overall MALE 10 (38.5%)

IV indicates intravenous; MACE, major adverse cardiovascular events; and 
MALE, major adverse limb events.
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for Peripheral Arterial Interventions for Revascularization of 
Lower Extremities [ASPIRE] available at http://clinicaltrials.
gov/ct2/show/NCT02217501).

A significantly higher hazard ratio for ST was observed in 
univariate analysis with ostial SFA stents. Although its statistical 
significance diminished in the multivariate model, there are fea-
tures of ostial femoropopliteal lesions that are worth highlight-
ing. Generally, these lesions have contiguous atherosclerotic 
disease involving the inflow vessels, the common femoral artery, 
or the profunda femoral artery (PFA). Precise placement of self-
expanding stents at this location can be challenging and may 
lead to unintended coverage of the PFA origin, which may be 
diseased. These factors may lead to sluggish inflow, inadequate 
stent expansion or impediment of collateral supply via the PFA, 
and may therefore contribute to ST. Importantly, distal SFA stent 
location accounted for 14.8% of ST occurrences. This could be 
because of contiguous popliteal and infrapopliteal disease and 

the fact that distal SFA locations of stents are generally consid-
ered to be at a greater risk of fracture. Larger studies will be 
needed to explore fully the relationship between risk of ST and 
stent location along with quality of distal run-off vessels.

Aspiration thrombectomy, thrombolytic therapy, adjunc-
tive debulking, and stenting were employed in treating 
patients with ST, and referral for surgical revascularization 
was infrequent. Importantly, occurrence of femoropopliteal 
ST was associated with worse long-term MALE, although we 
did not observe that peripheral artery ST portends an excess 
risk for MI. These observations highlight the need for careful 
consideration of the initial revascularization strategy for fem-
oropopliteal lesions. This includes the use of nonstent strate-
gies such as atherectomy or balloon angioplasty, selection of 
stent type, efforts to optimize stent results, as well as DAPT 
use and its duration. The introduction of drug-coated balloons 
into the US market place has provided yet another option to 

Figure 5. A, Kaplan–Meier curves of major adverse 
limb events (MALE) between stent thrombosis (ST) 
and no ST groups. Censored at death and follow-up 
months <12 months; hazard ratio (HR), 4.99; 95% 
confidence interval (CI), 2.31–10.77; P<0.001. B, 
Kaplan–Meier curves of major adverse cardiovascu-
lar events (MACE) between ST and no ST groups. 
Note: Censored at death and follow-up months <12 
months; HR, 2.92; 95% CI, 0.69–12.33; P=0.1444.
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endovascular specialists when choosing a nonstent strategy.8 
The impact of either ≥1 of the above treatments will need to 
be carefully assessed by future studies.

Important limitations of this study include its observa-
tional nature, possible selection bias, high proportion of cases 
contributed by a single center, limited duration of follow-up, 
lack of a consistent DAPT regimen, inability to account for 

DAPT adherence, and lack of radiographic follow-up of all 
patients for evaluating stent fracture. However, many of these 
limitations reflect the challenges in conducting a systematic 
postperipheral artery intervention ST study and may need to 
be considered as future studies are planned for this area.39

Conclusions
These findings from the XLPAD registry are the first to report 
that femoropopliteal peripheral artery ST occurred in 4.3% of 
patients, and it was associated with stenting of CTO lesions 
and treatment of in-stent restenosis lesions. Finally, femoro-
popliteal ST is associated with not only high periprocedural 
complications but also 12-month MALE.
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Table 5. Predictors of Stent Thrombosis: GLMM Estimates

Variable* OR (95% CI) P Value

Univariate

    Age >63 y 1.02 (0.46–2.24) 0.965

    Ankle brachial index >0.66 1.13 (0.50–2.54) 0.772

    Diabetes mellitus 1.22 (0.55–2.70) 0.615

    Hypertension 1.85 (0.53–6.47) 0.333

    Hyperlipidemia 1.12 (0.33–3.86) 0.856

    Smoking 1.37 (0.58–3.22) 0.469

    Critical limb ischemia 1.32 (0.54–3.24) 0.536

    Coronary artery disease 1.55 (0.61–3.96 0.352

    Previous myocardial infarction 1.70 (0.76–3.80) 0.191

    Congestive heart failure 1.27 (0.50–3.27) 0.611

    Chronic kidney disease 0.43 (0.10–1.88) 0.260

    Ostial SFA 2.33 (0.95–5.76) 0.065

    Distal SFA 0.44 (0.13–1.50) 0.186

    Popliteal 1.06 (0.24–4.66) 0.942

    Lesion length >133 mm 2.22 (0.99–5.01) 0.054

    Chronic total occlusion 4.33 (1.27–14.75) 0.019

    In-stent restenosis 5.07 (1.91–13.48) 0.001

    Stent type

     Bare-metal stents 1.00 …

     Zilver PTX drug-coated stents 1.48 (0.41–5.30) 0.545

     Viabahn stent graft 3.72 (1.28–10.81) 0.006

     Supera mimetic stent 1.94 (0.54–7.02) 0.307

    Stent length >180 mm 2.01 (0.91–4.41) 0.082

Multivariate

    Previous myocardial infarction 1.85 (0.80–4.27) 0.150

    Chronic total occlusion 3.46 (0.98–12.20) 0.054

    In-stent restenosis 5.30 (1.83–15.32) 0.002

    Stent type

     Bare-metal stents 1.00 …

     Zilver PTX drug-coated stents 1.15 (0.31–4.23) 0.710

     Viabahn stent graft 2.57 (0.82–5.05) 0.105

     Supera mimetic stent 2.25 (0.60–8.37) 0.224

    Lesion length >130 mm 1.86 (0.80–4.31) 0.149

CI indicates confidence interval; GLMM, Generalized Linear mixed Model; OR, 
odds ratios; and SFA, superficial femoral artery. Step-wise logistic regression 
used to allow a variable into the model with a significance level of 0.30 and 
0.35 for a variable to stay in the model to select GLMM to predict ST. The final 
selected predictors were previous myocardial infarction, chronic total occlusion, 
in-stent restenosis, stent types, and lesion length >130 mm, simultaneously. 
The Hosmer and Lemeshow goodness-of-fit test for the final selected model 
was χ2=8.638 (degree of freedom=7) P=0.2796. The model’s fit statistics 
Akaike Information Criteria=216.36.

*For dual antiplatelet therapy variable, while convergence criterion is met 
but a solution is questionable because a covariance (G) matrix is not positive.
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