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Abstract

Data on the mid-term clinical outcomes after endovascular treatment (EVT) using a Crosser catheter (C. R. Bard, Inc.) as
a crossing or flossing device for a heavily calcified lesion in the common femoral artery (CFA) or popliteal artery (PA) are
lacking. The aim of this study was to investigate the safety and efficacy of EVT using a Crosser catheter for isolated and
heavily calcified CFA or PA disease. We retrospectively analyzed 64 consecutive patients (72 lesions; CFA 30, PA 42) who
underwent EVT for heavily calcified CFA or PA lesions with Crosser catheters between April 2015 and April 2019. The
primary endpoint was clinically driven target lesion revascularization (CD-TLR). The median follow-up was 18.5 months.
The mean age of the study population was 70+9.5 years, with a male prevalence of 73.6%. The mean Proposed Peripheral
Artery Calcification Scoring System grade was 2.9 +0.9. Procedure success, defined as 50% or less residual stenosis with-
out suboptimal results, was achieved in 94.4% of lesions. There were no cases of bailout stenting or target lesion-related
complications. After EVT, the 1-year CD-TLR-free rate for CFA and PA lesions was 87.4 and 76.8%, respectively. The cor-
responding rates at 2 years were 82.2 and 62.8%, respectively. In the multivariate analysis used to define CD-TLR predictors
for CFA and PA lesions, hemodialysis was the only independent predictor (HR 3.35, 95% CI 1.02-13.95, P=0.045). EVT
with a Crosser device for heavily calcified CFA and PA lesions seems to be safe and feasible.

Keywords Endovascular therapy - Crosser system - Common femoral artery - Popliteal artery - Target lesion
revascularization

Introduction

Endovascular treatment (EVT) has emerged as the first-line
therapy for most patients with claudication or critical limb
ischemia (CLI). It has gained widespread acceptance among
vascular physicians and patients because of its minimal inva-
siveness [1]. The common femoral artery (CFA) and pop-
liteal artery (PA) are considered ‘non-stenting zones’ due
to the difficulty of deploying stents in vessels around highly
flexible joints. Plain balloon angioplasty is widely performed
in non-stenting zones, and stents are used only for the bail-
out. However, the clinical outcomes of plain balloon angio-
plasty without stenting are inferior compared with surgical
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treatment [2—5]. To improve the clinical outcomes of plain
balloon angioplasty in the non-stenting zone, we previously
reported high-pressure expansion effectiveness [6].

The Crosser catheter (C. R. Bard, Inc., Murray Hill, NJ,
U.S.A)) is a unique device that facilitates antegrade intra-
luminal recanalization by high-frequency vibration energy
and cavitation. It vibrates 20,000 times/s against chronic
total occlusions (CTOs), causing microbubbles to expand
and implode, breaking the molecular bonds and eroding the
surface of CTOs [7]. Previous reports have demonstrated
the usefulness of the Crosser catheter as a CTO crossing
and flossing device [8, 9]. Although several papers were
concerned with the initial success rate [9—13], the mid-term
clinical results of EVT with a Crosser device in the non-
stenting zone have not been reported. Therefore, the purpose
of this study was to investigate the efficacy and safety of
EVT using a Crosser catheter for isolated and heavily calci-
fied CFA and PA disease.
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Materials and methods
Study design and patient population

We retrospectively enrolled consecutive patients who
received EVT for de novo isolated CFA and PA lesions
with Crosser catheters between April 2015 and April 2019
at Tokyo Women’s Medical University Hospital in Tokyo,
Japan. We excluded the lesions that extended proximally or
distally and not much calcified enough to require a Crosser
system. A total of 64 consecutive patients (72 lesions;
CFA 30, PA 42) who underwent EVT were included. The
optimal treatment strategy for lower extremity lesions in
our hospital is routinely discussed within the cardiology
team, consisting of cardiovascular interventionists and sur-
geons. EVT is generally selected as the first-line treatment
for CFA and PA lesions, if possible. Endarterectomy is
chosen only when EVT is not feasible because of vascular
access problems (for example, bilateral CFA occlusion)
or when restenosis has occurred repeatedly. Indications
for intervention were the presence of a significant and
symptomatic atherosclerotic occlusive lesion (Rutherford
category: 2, 3, 4, 5, and 6), more than 90% stenosis on
angiography, or more than 50% stenosis with a pressure
gradient of more than 20 mmHg. We evaluated the pres-
sure gradient using a pressure wire or extraction with a
4-Fr JR diagnostic catheter in patients with intermediate
stenosis. Bifurcated CFA lesions were classified according
to the Medina classification [4]. Patients who were lost to
follow-up within 6 months were excluded.

The study protocol was based on the regulations of the
institutional ethics committee of Tokyo Women’s Medical
University Hospital. All participating patients provided
written informed consent. Patient enrollment was per-
formed according to the principles of the Declaration of
Helsinki.

Endovascular procedures

All patients received antiplatelet therapy (aspirin 100 mg/
day or clopidogrel 75 mg/day) before the procedure. After
inserting a 4- to 6-Fr sheath from the ipsilateral or con-
tralateral CFA, unfractionated heparin (1000-5000 IU)
was injected from the sheath and supplemented as required
to maintain an activated clotting time of above 200 s.
Calcium in the lesions was assessed using unsubtracted
angiograms, and the degree of lesion calcification was
categorized utilizing the proposed Peripheral Artery Cal-
cification Scoring System (PACSS): Grade 0 was defined
as no visible calcium at the target lesion site; Grade 1 was
defined as unilateral calcification less than 5 cm; Grade 2
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was defined as unilateral calcification greater than 5 cm;
Grade 3 was defined as bilateral calcification less than
5 cm, and Grade 4 was defined as bilateral calcification
greater than 5 cm [14]. Our EVT strategy for heavily cal-
cified CFA and PA lesions had four steps. First, we chose
an adequate intraplaque route, not subintimal tracking,
for occlusive CFA and PA lesions with biplane cinean-
giography using a 0.014-in. guidewire. Second, we used
the Crosser system in heavily calcified cases either as a
crossing or flossing device. Third, we expanded the lesions
up to the rated pressure or at the highest pressure toler-
ated by the patient without vascular pain, using a non-
compliant balloon. Fourth, we set the clear endpoint of
EVT as less than 5 mmHg of the pressure gradient after
angioplasty. The residual pressure gradient was evaluated
by measuring the extraction using a 4-Fr JR diagnostic
catheter in all cases. When there were suboptimal angio-
graphic results, repeated inflations were performed at the
discretion of the attending physician to achieve a residual
stenosis percentage of less than 50% and an optimized
residual pressure gradient less than 5 mmHg. We used
a stent only when flow-limiting dissection occurred after
balloon angioplasty. In this study, we did not use drug-
coated balloons. We treated lesions involving the deep
femoral artery (DFA) simultaneously with the kissing bal-
loon technique only when CFA lesions occurred within
DFA lesions (Medina classification 1-1-0 or 1-1-1), except
for cases involving occlusive DFA. After the procedures,
we evaluated the presence of distal embolization by angi-
ography in all cases. All procedures were performed in the
catheter laboratory using local anesthesia.

Endpoint and definitions

Procedural success was defined as successful vascular
access, endovascular procedure completion, and immediate
morphologic success with less than 50% of residual diameter
reduction according to angiography and the residual pressure
gradient less than 5 mmHg. Clinical success was defined as a
combination of procedural success and at least one improve-
ment of the Rutherford criteria.

The primary endpoint was clinically driven target lesion
revascularization (CD-TLR) for CFA or PA, either percuta-
neous or surgical. The secondary endpoints were freedom
from loss of patency, overall survival, freedom from major
adverse cardiovascular events (MACE; all-cause death,
non-fatal myocardial infarction, and stroke), freedom from
major adverse limb events (MALE; major amputation and
revascularization for target limb), and freedom from com-
plications. Loss of patency was defined as a reduction in
the ankle-brachial index (ABI) of 0.2 or more [15, 16]. We
also examined the ABI and Rutherford category classes
before and after the procedures. The timing of the ABI and
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Rutherford category evaluation after the procedure was at
the patients’ first visit (1 month after the procedure) to our
hospital. In cases where patients were hospitalized for more
than 1 month, the evaluation was performed 1 month after
EVT. Poor runoff was defined as one vessel or none of the
infrapopliteal runoff. [17]

Statistical analysis

Categorical variables are presented as counts (percentages),
whereas continuous variables are reported as means + stand-
ard deviation. Categorical variables were compared using
Fisher’s exact test or the chi-squared test. Continuous vari-
ables with normal and non-normal distributions were com-
pared using the unpaired ¢ test and Mann—Whitney U test.
The cumulative incidence rate of CD-TLR was analyzed
based on time to the first adverse event and estimated using

the Kaplan—Meier method with the log-rank test. Univari-
able and multivariable logistic regression analyses were per-
formed to detect CD-TLR predictors. A two-sided P value
of less than 0.05 was considered to statistical significance.
All statistical analyses were performed by an independent
physician using statistical software (JMP 11; SAS Institute
Inc., Cary, NC, USA).

Results

During the study period, 64 consecutive patients underwent
72 percutaneous CFA and PA interventions (CFA 30, PA
42). Baseline patient characteristics, lesion characteristics,
and procedural parameters and techniques are reported in
Tables 1 and 2. Compared with patients with CFA disease,
those with PA disease were more likely to have diabetes and

Table 1 Characteristics of

. Patient characteristics Total (N=72) CFA (N=30) PA (N=42) P value
patients who underwent EVT
for heavily calcified CFA or PA Age (years) 70.1+9.5 69.2+10.6 70.7+8.7 0.49
lesions with Crosser catheters Male (%) 53 (73.6) 19 (63.3) 34 (81) 0.09
BMI (kg/m?) 21.9+3.1 21.5+3.1 22.1+3.1 0.30
Hypertension (%) 57 (79.2) 24 (80.0) 33 (78.6) 0.88
Dyslipidemia (%) 51 (70.8) 21 (70) 30(71.4) 0.90
Diabetes (%) 43 (59.7) 13 (43.3) 30 (71.4) 0.017
Insulin (%) 18 (25.0) 7 (23.3) 11 (26.2) 0.78
Smoker (%) 50 (69.4) 17 (56.7) 23 (54.8) 0.87
Current (%) 10 (13.9) 3 (10.0) 7 (16.7) 0.42
Hemodialysis (%) 35 (48.6) 13 (43.3) 22 (52.4) 0.45
Anemia (%) 9 (12.5) 4 (13.3) 5(11.9) 0.86
Atrial fibrillation (%) 14 (19.4) 8 (26.7) 6(14.3) 0.19
Heart failure (%) 19 (26.4) 6 (20.0) 13 (31.0) 0.30
Ejection fraction 51.1+9.1 53.9+8.7 48.7+£8.8 0.02
Prior PCI (%) 29 (40.3) 9 (30.0) 20 (47.6) 0.13
Prior CABG (%) 13 (18.1) 2 (6.7) 11 (26.2) 0.03
OMI (%) 18 (25) 9 (30.0) 9(21.4) 0.41
Prior stroke (%) 9 (12.5) 4 (13.3) 5(11.9) 0.86
Prior EVT (%) 28 (38.9) 8 (26.7) 20 (47.6) 0.07
Intermittent claudication (%) 56 (77.8) 24 (80) 32(76.2) 0.70
Critical limb ischemia (%) 21(29.2) 5(16.7) 16 (38.1) 0.049
Pre-procedural ABI 0.65+0.20 0.69+0.21 0.62+0.19 0.25
Post-procedural ABI 0.97+0.20 0.99+0.19 0.95+0.21 0.51
Medication
Aspirin (%) 45 (62.5) 18 (60.0) 27 (64.3) 0.71
P2Y 12 inhibitor (%) 38 (52.8) 14 (46.7) 24 (57.1) 0.38
Cilostazol (%) 15 (20.8) 8 (26.7) 7 (16.7) 0.30
Warfarin (%) 9 (12.5) 4(13.3) 5(11.9) 0.86
DOAC (%) 114 0 124 0.39
Statin (%) 42 (58.3) 19 (63.3) 23 (64.8) 0.47

CFA common femoral artery, PA popliteal artery, BMI body mass index, PCI percutaneous coronary inter-
vention, CABG coronary artery bypass graft, OMI old myocardial infarction, EVT endovascular treatment,
ABI ankle-brachial index, DOAC direct oral anticoagulant
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Table 2 Procedural and lesion characteristics in patients who under-
went EVT for heavily calcified CFA or PA lesions with Crosser cath-
eters

Characteristics CFA (N=30) PA (N=42) P value

Lesion length (mm) 30.3+13.7 37.1+£29.6 0.25
PACSS

Grade 0 0 0

Grade 1 5(16.7) 6 (14.3)

Grade 2 0 0

Grade 3 22 (73.3) 25 (59.5)

Grade 4 3 (10.0) 11 (26.2)
CTO (%) 22.2(38.1) 26(36.1) 0.68
Bifurcation (%) 17 (56.7) 2 (4.8) <0.0001
Medina

1-0-0 17 (56.7)

1-0-1 3(10.0)

1-1-0 3(10.0)

1-1-1 7(23.3)
Poor run off (%) 7 (28.0) 20 (48.8) 0.10
Final balloon diameter (mm) 7.2+0.9 52+09 <0.0001
Final balloon pressure (atm) 19.3+2.6 18.2+3.3 0.13
Bailout stenting (%) 0 (0) 0 (0)

EVT endovascular treatment, CFA common femoral artery, PA pop-
liteal artery, PACSS Proposed Peripheral Arterial Calcium Scoring
System, CTO chronic total occlusion

CLI and had better left ventricular ejection fraction. In the
lesion-based analysis, the CFA lesion was more likely to
have bifurcation (CFA vs. PA=56.7 vs. 4.8%, P<0.0001).
PACSS grade 3 or 4 was seen in 83.3% of CFA lesions
and 85.7% of PA lesions. Clinical outcomes are shown in
Table 3. Procedural success was achieved in 96.7% (29 of
30) of CFA lesions and 92.9% (39 of 42) of PA lesions.

Table 3 Clinical outcomes of patients who underwent EVT for heav-
ily calcified CFA or PA lesions with Crosser catheters

Variables CFA (N=30) PA (N=42)
Procedural success (%) 29 (96.7) 39 (92.9)
Clinical success (%) 28 (93.3) 38 (90.5)
Complications 2(6.7)

Detachment 2(6.7) 0

Slow flow 0 0

Flow-limiting dissection 0 0

Perforation 0 0
CD_TLR 6 (20.0) 14 (33.3)
MACE 4 (13.3) 12 (28.6)
MALE 9 (30.0) 15 (35.7)
Loss of patency 9 (30.0) 17 (40.5)

EVT endovascular treatment, CFA common femoral artery, PA pop-
liteal artery, CD-TLR clinical-driven target lesion revascularization,
MACE major adverse cardiac event, MALE major adverse limb event
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Complications only occurred in CFA lesions, with 2 cases
of the detachment of the metal chip of the Crosser system.
There were no other complications related to the Crosser
catheter. There were no cases of bailout stenting for flow-
limiting dissection.

The median follow-up period was 18.5 months (interquar-
tile range 9-30.2). Figure 1 shows the Kaplan—-Meier curves
of freedom from the CD-TLR. The overall rate of freedom
from CD-TLR at 1 and 2 years was 80.8 and 70.1%, respec-
tively. After EVT, the 1- and 2-year rates of freedom from
CD-TLR for CFA lesions were 87.4 and 82.2%, respectively.
The 1- and 2-year rates of freedom from CD-TLR for the PA
were 76.8 and 62.2%, respectively. There was no significant
difference in CD-TLR between CFA and PA.

In the multivariate analysis used to define CD-TLR pre-
dictors for both CFA and PA lesions, hemodialysis was the
only independent predictor (Table 4; Fig. 2).

Discussion

This study had 2 main findings. First, EVT for isolated CFA
and PA lesions with severe calcification using the Crosser
system is associated with a high success rate and low com-
plication rate. Second, hemodialysis was identified as an
independent CD-LTR predictor in the multivariate analysis.

Several previous studies have reported the technical
success rate of EVT using the Crosser system for calcified
lesions in the lower limbs [9-13]. However, the major-
ity of these studies used the Crosser device as a crossing
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HR: 1.56 , 95%Cl: 0.62-4.42,
log-rank p=0.35
0.0
0 2 4 6 8 10 12 14 16 18 20 22 24
Number at risk Time after EVT (Months)
Total 72 62 49 46 31 25 22
CFA 30 27 21 20 13 10 8
PA 42 35 28 26 18 15 14

Fig.1 Kaplan—Meier curve for freedom from CD-TLR in the total
population and patients with CFA and PA lesions subjected to EVT
with Crosser catheters. CD-TLR clinically driven target vessel revas-
cularization, CFA common femoral artery, PA popliteal artery, EVT
endovascular treatment
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Tab]e 4 Cox uni- and multi.— Univariate Multivariate
variable analyses to determine
predictors of clinically driven HR 95% C1 P value HR 95% C1 P value
target lesion revascularization
for both CFA and PA lesions Heart failure 2.78 (1.08-6.81) 0.036
subjected to EVT with Crosser Hemodialysis 2.67 (1.07-7.55) 0.044 371 (1.09-15.6) 0.042
catheters Prior stroke 3.46 (121-873) 0022
Critical limb ischemia 3.43 (1.4-8.41) 0.008
Post-procedural ABI 0.045 (0.002-0.89) 0.041
Poor run off 4.75 (1.9-12.96) 0.0008
Chronic total occlusion 1.80 (0.72-4.35) 0.2
EVT endovascular treatment, CFA common femoral artery, PA popliteal artery, HR hazard ratio, CI confi-
dence interval, ABI ankle-brachial index
1.0 a few studies to date have evaluated outcomes after EVT for
Non-HD PA lesions compared with CFA lesions. Semaan et al. [19]
= o8 found that the primary patency of PA angioplasty at 3, 6, and
o 12 months was 89, 82, and 73%, respectively. Rastan et al.
'D_' 0.6 HD [20] reported that during the 2 years of follow-up of patients
('E’ treated with PA angioplasty alone, CD-TLR at 1 year was
2 04 59.5%. Although our study was limited to severely calci-
§ fied cases, our results showed superior peri-procedural and
§ 0.2 long-term outcomes of EVT for CFA or PA lesions relative
HR: 3.35, 95%Cl: 1.02-13.95, to the outcomes in previous studies [17, 18, 23]. Our EVT
0.0 log-rank p=0.045 strategy, such as high-pressure balloon dilatation, usage of

0 2 4 6 8 10 12 14 16 18 20 22 24

Number at risk Time after EVT (Months)

Non-HD 37 34 26 23 18 14 11
HD 35 29 25 20 13 11 11

Fig.2 Kaplan-Meier curve for freedom from CD-TLR in HD and
non-HD patients with PA and CFA lesions subjected to EVT with
Crosser catheters. CD-TLR clinically driven target vessel revasculari-
zation, CFA common femoral artery, PA popliteal artery, HD hemodi-
alysis, EVT endovascular treatment

device. Our study used the Crosser catheter as a CTO cross-
ing device or as a flossing device after using a guidewire
to pass the lesion. Tan et al. [9] reported that the overall
primary technical success rate was 93.3%, consistent with
our findings.

To the best of our knowledge, the present study is the
first to evaluate the mid- and long-term clinical outcomes
of EVT using the Crosser catheter for highly calcified
CFA or PA lesions. Davies et al. performed a retrospective
review of 115 patients who underwent intervention for CFA
lesions [18]. As with our study, the main outcome was the
re-intervention rate. The 1- and 3-year re-intervention-free
survival rates were 77 and 57%, respectively. In their retro-
spective review of 93 patients who underwent CFA inter-
vention identified from a Japanese registry, Soga et al. [17]
found that the 1- and 5-year primary patency rates for CFA
lesions after EVT were 73.3 and 46.9%, respectively. Only

the Crosser system, and the wiring policy mentioned above,
might affect the lower rate of CD-TLR in our series. In the
previous study, the calcified lesion was one of the predictors
of primary patency [17]. The usage of the Crosser system
could have had a positive effect on the calcified lesions.

There are some other atherectomy devices in addition to
the Crosser system, such as excimer laser (Philips, Amster-
dam, Netherlands), Rotablator (Boston Scientific, Natick,
MA, USA), Turbohawk (TurboHawk, Medtronic, Minneapo-
lis, Minnesota, USA), Jetstream (Boston Scientific, Natick,
MA, USA), and Diamondback (Cardiovascular Systems,
Inc., Saint Paul Hill, Minnesota, USA). The oldest atherec-
tomy technologies are the excimer laser and the Rotablator.
The excimer laser technology is based on photoablation,
converting occlusive material into microbubbles immedi-
ately dissolved into the blood. Rotablator, Jetstream, and
Diamondback are high speed rotational “sanding” devices
mainly developed to treat highly calcified plaque. The Tur-
bohawk system is a directional atherectomy device primarily
designed for eccentric infrainguinal lesions [21]. The mecha-
nism of the Crosser system is different from other systems.
Micro-bubbles made by the high-frequency vibration of the
Crosser system breaking the molecular bonds of the calcified
lesion. Although there have been many reports on EVT out-
comes for femoro-popliteal lesions using such atherectomy
devices, there were no reports on the outcomes about the
combination of atherectomy and POBA for a non-stenting
zone without a drug-coated balloon or stent.
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Previous studies have reported better long-term
patency after surgical management of CFA disease than
after EVT [22]. The patency rates in these studies were
better than those in our study. However, several complica-
tions have been reported. Minor perioperative complica-
tions after CFA surgery were reported to have occurred
in 6.6-17.7% of cases [5, 22]. Rates of major complica-
tions after surgical CFA revascularization requiring sur-
gical re-intervention have been reported to range from 0
to 1.8% [5, 22]. CFA endarterectomy is also associated
with complications such as lymphatic leakage and local
infection. There were no large hematomas requiring blood
transfusions or infections related to the procedure in our
study, which is a significant advantage of EVT.

In contrast to CFA lesions, endarterectomy is rarely
selected as a treatment for PA lesions due to the com-
plexity of the surgical technique. Bypass procedures are
generally performed, and the 5-year primary patency of
bypass for isolated popliteal lesions has been reported
as 59% (reversed saphenous vein: 74%, polytetrafluoro-
ethylene: 55%) and secondary patency as 61% (reversed
saphenous vein: 79%, polytetrafluoroethylene: 56%) [24].
In our study, the 1- and 2-year primary patency after EVT
with the Crosser system for calcified PA lesions was 76.8
and 62.2%, respectively, equivalent to the patency rates
reported for bypass surgery.

We have experienced only two cases of complications
related to the Crosser system. In both cases, the Crosser
tip was completely detached from the shaft and was suc-
cessfully retrieved. A possible reason for tip separation
may be differences between the size of the metal tip
(1.1 mm) and that of the proximal shaft (1.3 mm). Unlike
previous studies with reported complications such as
slow flow and vessel perforation, we did not experience
any other complications [9, 11]. In our procedures, the
Crosser catheter was utilized not only with its preceding
but also with a guidewire preceding, in part, due to the
difficulty in making the Crosser catheter turn in specific
directions when it was preceding. As a result, we have
not experienced vessel perforation, which is related to the
Crosser proceeding.

Data on the effects of renal insufficiency on CD-TLR,
MALE, and MACE after endovascular intervention are
limited. In this study, we found that hemodialysis was
the only independent predictor for CD-TLR. The OLIVE
(Endovascular Treatment for Infrainguinal Vessel) reg-
istry revealed that hemodialysis was associated with an
unfavorable outcome for MALE in patients with CLI
undergoing EVT [25]. Soga et al. reported that renal
insufficiency was a predictor of primary patency in 111
treated CFA lesions [17]. Therefore, our results are con-
sistent with those of previous studies.
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Study limitations

Our study had several limitations. First, this study was
a retrospective analysis of an observational cohort.
Because of the absence of a surgical (endarterectomy)
control group, we could not directly compare the safety
and efficacy of EVT and endarterectomy. Therefore, this
exploratory analysis should be interpreted as hypothesis-
generating. Second, there was no systematically collected
information regarding arterial patency determined by
duplex sonography or angiography because those were
not mandatory. Third, our study population included only
Japanese individuals, which could affect the generaliz-
ability of our findings to non-Japanese patients. Fourth,
the pressure gradient measured using the 4-Fr diagnostic
catheter just before interventions potentially overestimated
the lesion severity. Finally, we did not use IVUS in most
cases; the assessment using IVUS may improve the out-
comes, especially in the CTO cases.

In conclusion, EVT with a Crosser device for heavily
calcified CFA and PA lesions, so-called non-stenting zones,
seems to be safe and feasible. The results of this study
should be confirmed in further large-scale, randomized-
control studies for a better understanding of the potential
advantages of the Crosser device in contemporary practice.
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