
Journal of Endovascular Therapy
2015, Vol. 22(4) 525 –534
© The Author(s) 2015
Reprints and permissions: 
sagepub.com/journalsPermissions.nav
DOI: 10.1177/1526602815587707
www.jevt.org

Clinical Investigation

Introduction

Patients with symptomatic infrainguinal peripheral artery 
disease (PAD) are being treated increasingly using mini-
mally invasive percutaneous revascularization tech-
niques.1–3 Chronic total occlusions (CTOs) are defined as 
completely occluded arterial segments of ≥3 months’ dura-
tion. Femoropopliteal and infrapopliteal (together grouped 
as infrainguinal) artery CTOs are present in up to 50% of 
patients with claudication or critical limb ischemia.4,5 
Crossing of infrainguinal CTOs can be technically chal-
lenging, primarily due to long lesion length, calcification, 
difficulty in penetrating the proximal cap, and subintimal 

passage of crossing devices. Given these challenges, a 
crossing device must be firm to penetrate the proximal cap, 
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Abstract
Purpose: To compare success rates of a guidewire and microcatheter strategy vs the use of specialized crossing devices 
to traverse infrainguinal peripheral artery chronic total occlusions (CTOs). Methods: For this analysis, data on 438 
consecutive infrainguinal CTO interventions in 438 patients (mean age 63.2 years; 402 men) performed between August 
2006 and May 2014 were extracted from the multicenter Excellence in Peripheral Artery Disease (XLPAD) database 
(ClinicalTrials.gov; identifier NCT01904851). Primary technical success constituted placement of a guidewire in the true 
lumen, past the distal CTO cap, with the initial crossing strategy. Results: A wire-catheter strategy was used in 295 (67.4%) 
and a specialized CTO crossing device in 143 (32.6%) patients (p<0.001). Primary crossing technical success was higher with 
CTO devices (72.1% vs 51.9%, p<0.001). The primary wire-catheter arm used significantly more secondary CTO devices 
(28.1% vs 17.5%) and/or provisional re-entry devices (26.7% vs 4.9%) compared with the primary CTO device arm (both 
p<0.001). Secondary crossing technical success (defined as crossing with an alternate strategy: 67.5% vs 71.4%, p=1.000), 
provisional crossing technical success (defined as use of a re-entry device: 84.2% vs 87.5%, p=0.768), and procedure 
success (93.6% vs 90.9%, p=0.332) were similar between the wire-catheter and CTO device strategies, respectively. No 
differences were observed in periprocedural complications or 30-day adverse events; however, at 12 months, there was a 
significantly higher surgical revascularization rate in the primary wire-catheter arm (8.8% vs 2.8%, p=0.025). Conclusion: 
Infrainguinal peripheral artery CTO crossing is frequently attempted with a wire-catheter technique; however, an initial 
CTO crossing device approach is associated with higher primary technical success. Overall procedure success is similar 
with both strategies.
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highly maneuverable to allow directional guidance, and 
flexible, with a low profile to avoid large dissections or 
perforation.6–8

Successful crossing of infrainguinal CTOs involves 
selection of an optimal initial crossing strategy, which can be 
broadly divided into 2 groups: use of a guidewire supported 
by a microcatheter (wire-catheter strategy) or use of a spe-
cialized CTO crossing device. However, there are to date no 
comparative clinical studies to guide decision making 
between these crossing strategies. Instead, contemporary 
clinical practice is based largely on operator experience or 
single-arm studies performed primarily for regulatory 
approval of CTO crossing devices. We sought to compare 
the success rates and clinical outcomes of infrainguinal CTO 
interventions based on the initial selection of a wire-catheter 
combination vs specialized CTO crossing devices in a con-
temporary multicenter peripheral intervention registry.

Methods

Study Design

The Excellence in Peripheral Artery Disease (XLPAD) is an 
ongoing multicenter registry of peripheral interventions reg-
istered on the National Institutes of Health website 
(ClinicalTrials.gov; identifier NCT01904851). Data are col-
lected retrospectively and/or prospectively depending on 
per-site institutional review board approval. Most of the data 
collection are retrospective (71%); however, the distinguish-
ing feature of the registry includes a high level of data audit 
and verification performed by the study staff (95% of the 
procedure records and 98% of angiograms that were made 
available for core laboratory analysis have been verified).

The institutional review board of all participating sites 
approved the present study and, in certain cases, waived the 
need for obtaining informed consent to use the data. For the 
analysis, data were collected on 438 consecutive infraingui-
nal CTO interventions in 438 patients (mean age 63.2 years; 
402 men) performed by 13 endovascular operators from 9 
participating centers between August 2006 and May 2014. 
Patient risk factors, comorbidity, laboratory data, 
TransAtlantic Inter-Society Consensus (TASC II) lesion 
types, and medications were collected from the patient elec-
tronic medical records and diagnosis codes; procedure 
information was obtained from abstraction of procedure 
notes and review of angiograms. Study data were collected 
and managed using the REDCap (Research Electronic Data 
Capture) online data capture software,9 and angiograms 
were analyzed at the XLPAD study core laboratory.8

Definitions

Chronic total occlusion length was defined by angiographic 
distance between the proximal and distal caps, and lesion 

length additionally included any angiographic ≥70% diam-
eter stenosis compared to the reference vessel segment 
(Figure 1). A single CTO was defined by angiographic 
100% occlusion or sequential occlusions separated by ≤2 
cm in the superficial femoral artery (SFA) and popliteal 
arteries or a single occlusion separated by ≤1 cm in below-
the-knee (BTK) arteries. Vascular calcification visible on 
angiographic views prior to contrast injection was classified 
as mild (isolated foci of calcification), moderate (contigu-
ous segments of calcification on one or alternating sides of 
the vessel), or severe (contiguous calcification on both sides 
of the vessel).7–10

Strategies and Devices

Selection of a crossing strategy, guidewires, support cathe-
ters, anticoagulation regimens, and antiplatelet therapy 
were at the discretion of the operator. A wide array of 0.014- 
to 0.035-inch guidewires was used, though the registry did 
not collect the specific brands used. A variety of 4-F to 6-F 
support catheters were used and recorded in the registry, 
among which were the CXI (Cook Medical, Bloomington, 
IN, USA), Trailblazer (Covidien/Medtronic, Mansfield, 
MA, USA), QuickCross (Spectranetics, Colorado Springs, 
CO, USA), NaviCross (Terumo, Somerset, NJ, USA), and 
GlideCath (Terumo). The specialized CTO crossing devices 
that were used and recorded in the registry were the 
Frontrunner XP (Cordis Corp., Bridgewater, NJ, USA), 
Crosser (Bard, Inc., Tempe, AZ, USA), TruePath (Boston 

Figure 1. Angiographic depiction of a superficial femoral 
artery chronic total occlusion (CTO) with labels identifying the 
important aspects of the lesion.
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Scientific, Natick, MA, USA), and Viance (Covidien/
Medtronic). Re-entry devices included the Outback LTD 
(Cordis Corp.), Pioneer (Volcano Corp., San Diego, CA, 
USA), and Enteer (Covidien/Medtronic). Technical descrip-
tions of these approved devices have previously been 
published.7,8,11

Endpoints and Definitions

Outcome measures included crossing success, procedure 
success, complications, and major adverse events (MAEs). 
Crossing success was defined as placement of a guidewire 
in the distal true lumen, past the distal CTO cap, confirmed 
by either angiography or intravascular ultrasound (IVUS). 
Crossing success could be primary (achieved with the ini-
tial CTO crossing strategy, Figure 2A), secondary (failed 
initial strategy and subsequent success with an alternate 
device, Figure 2B), or provisional (subintimal passage of 
the initial crossing device necessitating the use of a special-
ized re-entry device, Figure 2C).

Procedure success was defined as successful revascular-
ization of the CTO with ≤30% angiographic residual diam-
eter stenosis. Periprocedural complications included 
flow-limiting dissections, arterial perforations, access site 
hematomas ≥5 cm in diameter, retroperitoneal hematomas, 
distal embolizations, major bleed requiring blood transfu-
sion, or emergency surgery. MAE included all-cause mor-
tality, nonfatal myocardial infarction, ischemic stroke, and 

unplanned endovascular or surgical revascularization/
amputation of the target limb.

Statistical Analysis

Continuous variables are expressed as mean ± standard 
deviation and were compared using the Student t test. 
Categorical data are expressed as counts (percentage) and 
were compared using Pearson chi-square or Fisher exact 
tests as appropriate. All statistical tests were 2-tailed, and 
p<0.05 was considered the threshold for significance. 
Statistical analysis was performed using JMP software (ver-
sion 11.0; SAS Institute, Cary, NC, USA).

Results

The primary wire-catheter technique was used in 295 
(67.4%) and a specialized CTO crossing device in 143 
(32.6%) patients (p<0.001). The baseline patient and lesion 
characteristics (Table 1) were similar in the study groups. 
The CTO angiographic characteristics were also similar, 
with wire-catheter and CTO device approaches utilized ini-
tially in SFA CTOs (82.8% vs 79.7%, p=0.432), de novo 
lesions (81.7% vs 86.7%, p=0.219), long lesions (134.2±72.8 
vs 136.9±71.2 mm, p=0.730), and TASC II types C (21.7% 
vs 19.6%, p=0.800) and D (14.2% vs 18.2%, p=0.247) 
lesions, respectively.

Although a high proportion of lesions received stents 
(71.2%), stent use was significantly higher in the CTO 
device arm (77.6% vs 64.7%, p=0.006). Drug-coated stent 
use was 5.9% overall: 6.1% in the wire-catheter and 4.9% in 
the CTO device arms, respectively (p=1.0). Devices used, 
based on an initial crossing strategy, are shown in Figure 3. 
The primary wire-catheter arm used significantly more sec-
ondary CTO devices (28.1% vs 17.5%) and/or provisional 
re-entry devices (26.7% vs 4.9%) compared with the pri-
mary CTO device arm (both p<0.001).

Crossing Success Rates

Overall crossing and procedure success rates are shown in 
Figure 4. Primary crossing success was significantly higher 
in the primary CTO device arm (72.1% vs 51.9%, p<0.001); 
however, overall procedure success was equally high in 
both arms (90.9% vs 93.6%, p=0.332). Secondary crossing 
success and provisional crossing success were both not sig-
nificantly different between the wire-catheter and CTO 
device arms: 67.5% vs 71.4% (p=1.000) and 84.2% vs 
87.5% (p=0.768), respectively. Primary crossing success 
was higher for the CTO device arm in both femoropopliteal 
(72.6% vs 52.6%, p<0.001) and BTK lesions (68.4% vs 
44.8%, p<0.001). Retrograde crossing of CTO via a pedal 
approach was performed in 25 (5.7%) cases. IVUS was 

Figure 2. Illustrations depicting (A) primary, (B) secondary, and 
(C) provisional crossing success.
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used in 43 (9.8%) procedures to confirm distal true lumen 
access, and the rest were confirmed with angiography.

Subset analysis allowed for comparison of specific CTO 
devices used as primary crossing strategies: the Viance was 
most frequently used (76, 53.1%), followed by the 
Frontrunner XP (44, 30.8%), TruePath (15, 10.5%), and 
Crosser (8, 5.6%). The primary crossing success rate of the 
two most frequently used devices, the Viance and 
Frontrunner XP, were 73.7% and 72.7%, respectively. The 
Frontrunner XP was used solely in SFA CTOs compared 
with 64.5% SFA lesions attempted with the Viance 
(p<0.001). Compared with the Frontrunner XP, the Viance 
was used in shorter (126.2±70.8 vs 150.3±71.1 mm, 
p=0.092) and less complex (19.7% vs 13.7% TASC IIA, 
p=0.082) lesions, with similar usage rates in TASC II type 
C (18.4% vs 18.2%, p=1.000) and D (15.8% vs 18.2%, 
p=0.801) lesions. Further subgroup analysis compared pri-
mary crossing success rates for femoropopliteal vs BTK 
CTOs and found no significant differences using either a 
wire-catheter (52.6% vs 44.8%, p=0.441) or CTO device 
(72.6% vs 68.4%, p=0.785) as the initial crossing strategy. 

Procedure failures, however, were higher for BTK CTOs 
compared to femoropopliteal lesions for both the wire-cath-
eter (17.2% vs 3.3%, p=0.007) and CTO device (17.4% vs 
4.8%, p=0.051) initial crossing attempts.

Outcomes

Procedure characteristics and periprocedural complications 
are shown in Table 2. Fluoroscopy time (43.3±55.8 vs 
36.8±54.6 min, p=0.007), contrast volume (195.5±103.4 vs 
167.7±98.8 mL, p=0.007), and procedure duration 
(148.0±23.6 vs 130.6±21.5 min, p=0.025) were all signifi-
cantly higher in the CTO device arm. There were no signifi-
cant differences in the incidences of flow-limiting 
dissections (1.0% vs 0%, p=0.554), access site hematomas 
(1.4% vs 0%, p=0.309), retroperitoneal hematomas (1.0% 
vs 0.7%, p=1.000), distal embolization (1.4% vs 2.8%, 
p=0.447), arterial perforation (1.4% vs 0%, p=0.554), or 
need for emergency surgery (0% vs 0.7%, p=1.000).

Thirty-day and 12-month MAE (Figure 5) were not sig-
nificantly different in regards to all-cause mortality, vessel 

Table 1. Baseline Patient and Lesion Characteristics.

Wire-Catheter Arm (n=295) CTO Device Arm (n=143) p

Baseline characteristics
 Age, y 62.7±8.6 64.2±8.7 0.105
 Diabetes mellitus 152 (51.5) 76 (53.1) 0.761
 Hypertension 275 (93.2) 131 (91.6) 0.560
 Hyperlipidemia 256 (86.8) 115 (80.4) 0.090
 Current smoker 202 (68.5) 90 (62.9) 0.280
 Coronary artery disease 207 (70.2) 105 (73.4) 0.502
 Prior myocardial infarction 99 (33.6) 46 (32.2) 0.829
 Heart failure 61 (20.7) 32 (22.4) 0.709
 Chronic kidney disease 44 (14.9) 22 (15.4) 0.888
 Mean Rutherford category   3.31±1.24   3.22±1.30 0.251
 Ankle-brachial index   0.71±0.31   0.70±0.32 0.281
 Dual antiplatelet therapy 247 (83.7) 114 (79.7) 0.349
Lesion characteristics
 SFA 244 (82.8) 114 (79.7) 0.432
 Popliteal 22 (7.5) 10 (7.0) 1.000
 Below the knee 29 (9.8) 19 (13.3) 0.328
 Anterior tibial artery 11 (3.7) 9 (6.3) 0.231
 Posterior tibial artery 9 (3.1) 9 (6.3) 0.126
 Peroneal artery 9 (3.1) 1 (0.7) 0.177
 In-stent restenosis 54 (18.3) 19 (13.3) 0.219
 RVD, mm   5.00±0.88   5.09±1.04 0.427
 Lesion length, mm 134.2±72.8 136.9±71.2 0.730
 TASC II A 27 (9.2) 6 (4.2) 0.081
 TASC II B 111 (37.6) 54 (37.8) 0.820
 TASC II C 64 (21.7) 28 (19.6) 0.800
 TASC II D 42 (14.2) 26 (18.2) 0.247

Abbreviations: CTO, chronic total occlusion; RVD, reference vessel diameter, SFA, superficial femoral artery; TASC, TransAtlantic Inter-Society 
Consensus.
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thrombosis, unplanned major amputation, and surgical or 
endovascular revascularization at both time points, except 
for a significantly higher surgical revascularization rate in 
the primary wire-catheter arm (8.8% vs 2.8%, p=0.025) at 
12 months. Patients experienced significant improvements 
in both ankle-brachial indices and Rutherford category at 
12 months across both crossing strategies (Figure 6).

Discussion

While ~8% to 18% of coronary lesions treated are chroni-
cally occluded, nearly 50% of peripheral lesions constitute 
a CTO.2 The implication is that while a select group of 
operators may need or choose to specialize in coronary 

CTO revascularization, the ability to treat a CTO is nearly 
obligatory for a peripheral endovascular specialist. More 
than 50% of procedures recorded in the XLPAD registry 
were performed for a CTO indication and, combined with 
the fact that CTO recanalization is associated with higher 
procedure failures and complications, the need for studies 
to optimize crossing strategies and outcomes becomes 
paramount.12

To the best of our knowledge, no one has until now com-
pared guidewire and microcatheter vs dedicated CTO 
devices for crossing infrainguinal peripheral artery CTOs. 
The main results of our study show that operators more 
often selected an initial wire-catheter strategy, although pri-
mary crossing success was significantly higher with an 

Figure 3. A description of the primary, secondary, and provisional devices used corresponding to the initial crossing strategy. CTO, 
chronic total occlusion.

Table 2. Procedure Characteristics and Periprocedural Complications.

Wire-Catheter Arm 
(n=295)

CTO Device Arm 
(n=143) p

Procedure characteristics
 Fluoroscopy time, min 36.8±54.6 43.3±55.8 0.007
 Contrast volume, mL 167.7±98.8 195.5±103.4 0.007
 Procedure duration, min 130.6±21.5 148.0±23.6 0.025
 Peak ACT, s 294.3±53.8 280.2±53.3 0.213
 Dose area product, Gy*cm2 324.7±396.5 256.2±298.3 0.280
 Stented lesions 191 (64.7) 111 (77.6) 0.006
Periprocedural complications
 Flow-limiting dissection 3 (1.0) 0 (0) 0.554
 Access site hematoma 4 (1.4) 0 (0) 0.309
 Retroperitoneal hematoma 3 (1.0) 1 (0.7) 1.000
 Distal embolization 4 (1.4) 4 (2.8) 0.447
 Bleeding diathesis 1 (0.3) 0 (0) 1.000
 Perforation 3 (1.4) 0 (0) 0.554
 Emergency surgery 0 (0) 1 (0.7) 1.000

Abbreviations: ACT, activated clotting time; CTO, chronic total occlusion.
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initial CTO device approach. Use of either an additional 
CTO crossing device or a re-entry catheter was significantly 

lower with a primary CTO device crossing strategy. Long-
term outcomes were similar with either approach.

Figure 5. The 30-day and 12-month major adverse event rates compared for the initial crossing strategies. CTO, chronic total 
occlusion; MAE, major adverse events.

Figure 4. A comparison of primary, secondary, provisional, and procedure success rates by the initial crossing strategy. CTO, 
chronic total occlusion.
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The higher primary crossing success with CTO devices 
may suggest improved penetration and the ability to main-
tain an intraluminal course, as well as enhanced navigation 
through dense fibrocalcific occlusive lesions with CTO 
crossing devices. Although the primary wire-catheter strat-
egy was associated with lower primary crossing success, 
overall procedure success rates were high and not statisti-
cally different due to significantly greater utilization of sec-
ondary crossing and provisional re-entry devices following 
an initial wire-catheter failure. Interestingly, primary cross-
ing success rates with CTO crossing devices were similar if 
they were used initially or secondarily following a failed 
wire-catheter attempt. This observation may suggest that 
operators could select an initial wire-catheter strategy and if 
faced with failure could still achieve high crossing success 
with a secondary CTO crossing device and/or a provisional 
re-entry catheter. Moreover, this observation may also have 
important health economic implications, given the large dif-
ference in cost of guidewires, guide catheters, and special-
ized CTO crossing devices. Other factors that also need to 
be considered when estimating the overall procedure cost 
include the higher use of additional CTO crossing and re-
entry devices in the primary wire-catheter arm, balanced 
against greater use of stents, longer procedure durations, 
and higher contrast use in the CTO device arm.

The current report is limited by the lack of overall proce-
dure cost and cost-effectiveness analyses; however, it 
underscores the need for dedicated prospective randomized 
studies comparing peripheral artery CTO crossing strate-
gies. The observed longer procedure durations and increased 
volume of contrast use during primary CTO device crossing 
could be attributed to a relatively limited familiarity of the 
operators with some of the more recently approved CTO 
devices compared with traditional guidewires and catheters. 
Regardless, complication and 30-day MAE rates were low 
and similar with the use of either crossing strategy.

The significantly higher 12-month surgical revascular-
ization rate in the wire-catheter arm could be related to the 
difference in final treatment, not crossing strategies, as indi-
cated by less frequent use of stents in this arm. Alternatively, 
increased stenting in the CTO device arm could provide 
limited anastomosis targets for bypass grafts, resulting in 
fewer surgical revascularizations.

Although there have yet to be studies comparing cross-
ing success rates of infrainguinal peripheral artery CTO 
crossing strategies, various observational studies and ran-
domized controlled trials have reported crossing success 
rates using wire-catheters as part of their analysis (Table 3). 
For studies not exclusively treating CTO lesions, primary 
wire-catheter crossing success rates ranged from 87% to 

Table 3. Success Rates With the Wire-Catheter Crossing Strategy.

Author, Year Study Design Artery Lesion Severity Results

Wolf, 1993 PTA vs bypass RCT; 130 
attempts at PTA

62% iliac
38% FP

All lesions <10 cm; 
100% CTO

10 (7.7%) failed to cross with GW; 
5 (3.8%) complications

Van der Zaag, 2004 PTA vs bypass RCT; 30 
attempts at PTA

100% SFA Median length 9 cm; 
90% CTO

3 (10%) failed to puncture the 
proximal cap or cross with GW

Adam, 2005 PTA vs bypass RCT; 216 
attempts at PTA

80% SFA
62% BTK

67% TASC C/D 28 (13.0%) failed to cross or 
re-enter with GW; 12 (5.6%) 
complications

Becquemin, 2003 PTA vs BMS RCT;
251 attempts total

100% FP aMean length 2.5 cm;  
a20% CTO

24 (9.6%) failed to cross with GW; 
15 (6.6%) complications

Mewissen, 2004 Observational study
PTA vs BMS; 137 attempts total

100% FP Mean length 12 cm;  
15% CTO

3 (2.2%) failed to cross with GW

Schillinger, 2006 PTA vs BNS RCT; 109 attempts 
total

100% SFA aMean length 9.6 cm;  
a35% CTO

4 (3.7%) failed to cross with GW;  
1 (1.0%) complication

Chalmers, 2013 PTA vs BNS RCT
150 attempts total

100% SFA Mean length 12 cm; 
93% CTO

7 (4.7%) failed to cross with GW

Charalambous, 2010 Observational study; 76 
attempts at CTO cross

100% FP bMean length 17 cm;  
73% TASC C/D

26 (34%) failed to cross with GW

Pigott, 2012 Observational study; 88 
attempts at CTO cross

85% SFA bMean length 17 cm 84 (95%) failed to cross with GW

Shetty, 2013 Observational study; 33 
attempts at CTO cross

100% FP bMean length 18 cm;  
100% TASC D

22 (67%) failed to cross with GW

Abbreviations: BMS, bare metal stent; BNS, bare nitinol stent; BTK, below the knee; CTO, chronic total occlusions; FP, femoropopliteal; GW, 
guidewire; PTA, percutaneous transluminal angioplasty; RCT, randomized controlled trial; SFA, superficial femoral artery; TASC, TransAtlantic Inter-
Society Consensus.
aWeighted average.
bOcclusion length.
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98%.13–18 For studies exclusively treating CTO lesions, pri-
mary wire-catheter crossing success rates were observed to 
be much lower, ranging from 5% to 66%.19–22 The major 
reasons for failure to cross were inability to penetrate the 
proximal cap, navigate side branches or bridging collater-
als, and re-enter the distal true lumen.

Crossing success rates from several device approval and 
observational studies using specialized CTO crossing 
devices are reported in Table 4. The Crosser CTO device, 
which wields a high-frequency vibrating distal tip, was used 
in 3 observational studies,23–25 only one of which was as a 
primary crossing strategy.25 Primary crossing success was 
77%, with secondary crossing success ranging from 75% to 
84%. Two studies have reported outcomes using the 
Frontrunner XP, a blunt microdissection device with a “jaw-
like” distal tip, in femoropopliteal CTO, with secondary 
success rates ranging from 65% to 95%.20,22 The Wildcat 
(Avinger Inc, Redwood City, CA, USA) catheter, with man-
ually rotating wedges on the distal tip, was studied as part of 
the CONNECT trial, and exhibited an 89% secondary tech-
nical success rate.19 The Ocelot (Avinger Inc.) device, 
which uses optical coherence tomography in aiding intralu-
minal CTO crossing, exhibited a 72% primary crossing suc-
cess rate.26 Two observational studies used the TruePath 
device, which on activation rotates a diamond-coated distal 
tip at 13,000 rpm; they achieved secondary crossing success 
rates between 77% and 80%.7,27 The Viance, which is a low-
profile device using a blunt tip to navigate microchannels, 
demonstrated 50% to 88% secondary technical success 

rates.8,11 Finally, the SafeCross device (Intraluminal 
Therapeutics, Carlsbad, CA, USA), which uses a radiofre-
quency-generated pulsating distal tip, reported a 94% sec-
ondary technical success rate.28 It is important to indicate 
that most studies report use of a CTO crossing device on 
failure of a wire-catheter approach (secondary crossing suc-
cess). Furthermore, the observational setting of the trials 
introduces significant operator bias, especially considering 
their regulatory approval premise.

Limitations

Our study has several important limitations. The observa-
tional registry setting of the study allowed operator selec-
tion of the initial crossing strategy, guidewires, catheters, 
and CTO devices. Also, CTO crossing time was not 
recorded, and switching to an alternate strategy was solely 
at the operator’s discretion. Although lesion length, lesion 
location, and TASC II distribution were matched in our 
study, operator bias could have certainly influenced the 
selection of particular devices in specific situations, which 
could only be controlled in the setting of a prospective ran-
domized trial. Further analysis is needed to elucidate patient 
and lesion characteristics predictive of successful CTO 
crossing. Additionally, some CTO devices were used in a 
small proportion of cases and not all devices available for 
clinical use were utilized in the study, limiting the general-
izability of the results across all CTO devices. Success rates 
with specific guidewires and guide catheters were also not 

Figure 6. The 12-month change in Rutherford category and ankle-brachial index compared between the initial crossing strategies. 
CTO, chronic total occlusion.
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reported in the study. Furthermore, temporal bias could be 
introduced, as there have been many recent technical devel-
opments in crossing infrainguinal CTO. Last, although all 
operators routinely perform infrainguinal endovascular 
revascularization as part of their daily practice, a measure 
of operator experience is not included in this analysis. 
However, many of these limitations also reflect the chal-
lenges in conducting any peripheral artery CTO interven-
tion study and may need to be considered during the design 
and implementation of future studies in this area.

Conclusion

Overall, this study provides an insight into CTO crossing 
strategies selected by operators in a multicenter registry set-
ting for tackling infrainguinal peripheral artery CTO. Most 
operators opted for a primary wire-catheter crossing strat-
egy, though a primary CTO crossing device strategy had 
higher primary technical success.
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Table 4. Single-Arm Crossing Device Studies.

Author, Year Device (n = lesions) Artery Lesion Characteristics Outcomes

Kirvaitis, 2007 SafeCross (n=18)
Post GW failure

77.8% SFA
16.7% iliac

TASC (n/a)
Length 224±140 mm

Secondary crossing success 94%

Joye, 2009 Crosser (n=85)
Post GW failure

83.6% FP
16.5% tibial

TASC (n/a)
Length 117.5 mm

Secondary crossing success 84%

Gandini, 2009 Crosser (n=12)
Post GW failure

67% FP
33% femoral-

tibial

100% TASC D
Length 260 mm

Secondary crossing success 75%; 
successful crossing time 4.05 min

Staniloae, 2011 Crosser (n=73)
Primary crossing 

device

49% FP
37% 

infrapopliteal

83% TASC C/D
Length 131±89 mm

Primary crossing success 76.7%; 
successful crossing time 14.3±9.0 min

Charalambous, 2010 Frontrunner (n=26)
Post GW failure

100% FP 73.1% TASC C/D
Length 172.6 mm

Secondary crossing success 65.4%; 
successful crossing time <8 min

Shetty, 2013 Frontrunner (n=22)
Post GW failure

86.4% SFA
13.6% popliteal

100% TASC D
Length 180±101 mm

Secondary crossing success 95%

Pigott, 2012 Wildcat(n=84)
Post GW failure

85.2% SFA TASC (n/a)
Length 174±96 mm

Secondary crossing success 89%

Selmon, 2013 Ocelo (n=100)
Post GW failure

94% SFA
6% popliteal

TASC (n/a)
Length 166±93 mm

Primary crossing success 72%; 
successful crossing time 16.8±18.4 min

Bosiers, 2014 TruePath (n=85)
Post GW failure

71.8% SFA TASC (n/a)
Length 167±107 mm

Secondary crossing success 80%; 
activated time 8.2 min

Banerjee, 2014 TruePath (n=13)
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Length 170±83 mm
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Length 183±66 mm
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10 Post GW failure

68.9% FP 55.2% TASC C/D
Length 140±71 mm

Secondary crossing success 50.0%; 
primary crossing success 95.8%

Abbreviations: FP, femoropopliteal; GW, guidewire; n/a, not available; SFA, superficial femoral artery; TASC, TransAtlantic Inter-Society Consensus.
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