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Abstract

Background: Device-based antegrade dissection re-entry (ADR) and parallel wire technique (PWT)
are two important techniques in the antegrade approach in percutaneous coronary intervention (PCI)
of chronic total occlusion (CTO). The study is aimed to compare the procedural and mid-term outcomes
between device-based ADR using the CrossBoss/Stingray system and PWT in CTO PCL

Methods: Data was retrospectively collected from consecutive patients who underwent CTO PCI using
device-based ADR or PWT. CTO due to in-stent restenosis were excluded.

Results: A total of 273 patients were included in the study (n = 55 in device-based ADR group, n = 218
in PWT group). Baseline characteristics were similar across groups except for higher prevalence of
prior PCI and lower level of lipid profile in the ADR group. Moreover, although patients in the ADR
group showed higher contrast volume (441.6 = 162.4 mL vs. 361.5 = 142.1 mL, p < 0.001), more
intravascular ultrasound guidance (50.9% vs. 22.9%, p < 0.001), more guidewires used (4.6 + 1.4 vs.
3.4 + 1.2, p < 0.001) and higher troponin T level after PCI (0.167 vs. 0.087, p = 0.004), the technical
success, procedural success and in-hospital complications were similar between the two groups. Dur-
ing a median follow-up of 1 year, the ADR group showed no difference in major adverse cardiac events
(MACE, including all cause death, nonfatal myocardial infarction, and ischemia driven target vessel
revascularization) (7.3% vs. 14.7%, p = 0.150) as compared with the PWT group.

Conclusions: In the documented center, the use of device-based ADR for CTO PCI showed no differ-
ence in in-hospital complications and mid-term MACE as compared with PWT, despite higher proce-
dure complexity in ADR group. (Cardiol ] 2023; 30, 5: 705-712)
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Introduction in CTO wire technology and devices have re-

sulted in an increasing antegrade success rate and

In the past decade, the technology related to a reduction of the retrograde approach [1]. Dur-
chronic total occlusion (CTO) intervention has rap- ing the antegrade approach, if the wire goes into
idly developed. Several significant breakthroughs the subintimal space, there are three commonly
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used strategies, namely redirection, parallel wire
technique (PWT) and device-based antegrade dis-
section re-entry (ADR) [1]. The CrossBoss and
Stingray system (Boston Scientific, Marlborough,
MA, USA) have been developed as a combination
of devices that can create a controlled antegrade
dissection plane to facilitate targeted distal ves-
sel re-entry and have become the recommended
mode of ADR in lesions which is characterized
by a relatively disease-free re-entry zone, close
proximity of the antegrade wire to the distal true
lumen, and the absence of severe calcification in
the re-entry zone [2]. According to available litera-
ture, the parallel wiring and ADR using Stingray
offer better chances of success when compared
with redirection [1]. Moreover, a meta-analysis
published recently demonstrated comparable
long-term clinical outcomes between limited dis-
section re-entry (including device-hased ADR
and reverse controlled antegrade and retrograde
tracking [reverse CART]) and the wire escalation
technique [3]. However, no comparison between
PWT and device-based ADR has been made. The
present study is aimed to compare the in-hospital
and mid-term outcomes of device-based ADR vs.
PWT for the percutaneous revascularization of
coronary CTOs.

Methods

Patient population

Data was retrospectively collected from con-
secutive patients who underwent CTO percutane-
ous coronary intervention (PCI) by high volume
operators (> 75 CTO PCI cases per year) [4],
using device-based ADR or PWT in Zhongshan
Hospital, Shanghai, China, between March 2015
and September 2019. Patients with CTO due to
in-stent restenosis were excluded from the study.
The study was approved by the institutional review
board and all patients signed a general informed
consent form.

Study definitions and endpoints

A CTO is defined as an occlusion with typical
appearance (Thrombolysis in Myocardial Infarction
[TIMI] grade 0 flow through the lesion with angio-
graphically visible mature collaterals and the ab-
sence of thrombus or staining at the proximal cap)
and definitive corroborating evidence of occlusion
duration > 3 months according to CTO Academic
Research Consortium (CTO-ARC) consensus rec-
ommendations [5]. The J-CTO score was calculated
for all lesions [6]. Device-based ADR techniques

were represented by using CrossBoss/Stingray
system (Boston Scientific, USA). Patients were
included in the device-based ADR group if they
were ever treated with either device. Technical
success is defined as achievement of TIMI grade 2
or greater antegrade flow in all > 2.5-mm distal
branches with < 30% residual stenosis of the target
CTO lesion [5]. Procedural success was defined
as technical success in the absence of in-hospital
adverse events, including all-cause death, nonfatal
myocardial infarction (MI), ischemia driven target
vessel revascularization (TVR) with PCI or coro-
nary artery bypass grafting (CABG). In-hospital
complications included loss of side branches, coro-
nary perforation, cardiac tamponade, nonfatal MI,
ischemia driven TVR, and all cause death. Major
adverse cardiac events (MACESs) on follow-up were
defined as the composite of all cause death, nonfatal
MI, and ischemia driven TVR.

Procedure

All patients were treated with acetylsalicylic
acid (ASA) and a loading dose of a thienopyridine
before the procedure. During the procedure, un-
fractionated heparin was administered intrave-
nously at 100 IU/kg followed by further heparin
as necessary to achieve a target activated clotting
time of 250-350 s. Glycoprotein (GP) IIb/IIIa inhibi-
tors were administered at operator’s discretion [7].
After careful evaluation of the diagnostic coronary
angiogram, the operator chose the primary ap-
proach (antegrade or retrograde). In patients with
technical success, dual antiplatelets therapy was
started after the procedure with ASA and thieno-
pyridine and was maintained for at least 12 months.

Data collection

Demographic, procedural, and outcome data
were obtained from review of the catheterization
laboratory database and medical chart review.
Clinical follow-up data were collected through
outpatient visits, telephone interviews and medical
chart reviews.

Statistical analysis

Continuous variables are presented as mean *+
standard deviation or the median with interquartile
range and were compared by the Student t-test or
the Mann-Whitney U test, respectively. Categorical
variables are presented as counts and percentages
and were compared by the y* test (or the Fisher
exact test when appropriate). Kaplan-Meier curves
of survival free from MACE were plotted in ADR
and PWT group respectively and compared using
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Table 1. Baseline clinical characteristics.

All patients P
ADR (n = 55) PWT (n = 218)

Age [years] 63.5 = 10.7 61.9 = 11.7 0.348
Male gender 52 (94.5%) 185 (84.9%) 0.073
Hypertension 33 (60.0%) 140 (64.2%) 0.639
Diabetes 16 (29.1%) 59 (27.1%) 0.739
Insulin 5(9.1%) 22 (10.1%) 1.000
Dyslipidemia 4 (7.3%) 19 (8.7%) 0.490
Smoking 25 (45.5%) 105 (48.2%) 0.764
Drink 5(9.1%) 15 (6.9%) 0.375
Previous Ml 18 (32.7%) 47 (21.6%) 0.110
Previous PCI 36 (65.5%) 96 (44.0%) 0.005
Previous CABG 4 (7.3%) 8 (3.7%) 0.268
Diagnosis: 0.234

Stable angina 19 (34.5%) 83 (38.1%)

Unstable angina 19 (34.5%) 85 (39.0%)

STEMI 0 (0%) 2 (0.9%)

NSTEMI 3 (5.5%) 20 (9.2%)

Silent ischemia 14 (25.5%) 28 (12.8%)
Lab test:
TC [mmol/L] 3.3+0.38 38+ 1.2 0.002
TG [mmol/L] 1.6 = 0.7 20+1.4 0.001
LDL-C [mmol/L] 1.6 = 0.7 2.0+ 1.1 0.005
HDL-C [mmol/L] 1.0 £ 0.2 1.0 = 0.3 0.228
eGFR [mL/min/1.73 m?| 82.2 = 19.1 87.8+21.4 0.079
HbA1c [%] 6.2 +1.0 6.4 +1.3 0.275
LVEF [%] 59.1 + 11.8 58.9 + 9.8 0.921

ADR — antegrade dissection re-entry; PWT — parallel wire technique; Ml — myocardial infarction; PCl — percutaneous coronary interven-
tion; CABG — coronary artery bypass grafting; STEMI — ST-segment elevation myocardial infarction; NSTEMI — non-ST-segment elevation
myocardial infarction; TC — total cholesterol; TG — triglyceride; LDL-C — low-density lipoprotein cholesterol; HDL-C — high-density lipopro-
tein cholesterol; eGFR — estimated glomerular filtration rate; HbA1c — hemoglobin Alc; LVEF — left ventricular ejection fraction

the log-rank test. Logistic regression with Enter
method was used for multivariate analysis of in-
dependent correlates of technical success. The
candidate variables for the model were selected
based on significant univariate analysis and clini-
cally relevance. All analyzes were performed using
SPSS, Version 20.0 (IBM Corporation, Armonk,
NY, USA), and a p value of < 0.05 was considered
statistically significant.

Results

Baseline characteristics between
ADR and PWT groups

From March 2015 to September 2019, 273 CTO
patients managed by device-based ADR (n = 55)

or PWT (n = 218) were consecutively enrolled in
the present study. In the ADR group, CrossBoss
catheter was used in 6 patients, Stingray system
was used in 41 patients and both devices were used
in 8 patients. The baseline clinical characteristics
are listed in Table 1. Compared with the PWT
group, patients in the ADR group had a higher
prevalence of prior PCI (65.5% vs. 44.0, p = 0.005),
whereas lower level of lipid profile including total
cholesterol (TC), low-density lipoprotein choles-
terol (LDL-C), and triglycerides (TG).

Angiographic and procedural characteristics

Angiographic and procedural data are pre-
sented in Table 2. The angiographic characteristics
were comparable between the two groups except
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Table 2. Angiographic and procedural characteristics.

All patients P
ADR (n = 55) PWT (n = 218)

Number of diseased vessels 2.2 0.7 22038 0.948
Target CTO vessel: 0.022

LAD 25 (45.5%) 79 (36.2%)

LCX 1(1.8%) 30 (13.8%)

RCA 29 (52.7%) 109 (50.0%)
Blunt Stump 30 (54.5%) 118 (54.1%) 1.000
Moderate or severe calcifications 4 (7.3%) 35 (16.1%) 0.130
> 45 degree bending 15 (27.3%) 58 (26.6%) 1.000
Lesion length > 20 mm 37 (67.3%) 125 (57.3%) 0.219
Retry 22 (40.0%) 61 (28.0%) 0.101
J-CTO score 20=0.9 1.8 1.1 0.318
Absence of interventional collaterals 14 (25.5%) 76 (34.9%) 0.203
IVUS-guided procedure 28 (50.9%) 50 (22.9%) < 0.001
Number of CTO guidewires used 46 =14 3412 < 0.001
Microcatheter used in antegrade approach:

Finecross 14 (25.5%) 74 (33.9%) 0.229

Corsair 36 (65.5%) 122 (56.0%) 0.203

Crusade 20 (36.4%) 113 (51.8%) 0.040

Other 0 (0%) 14 (6.5%) -
Primary approach:

Antegrade 50 (90.9%) 211 (96.8%) 0.070

ADR 35 (63.6%)

PWT 15 (27.3%)

Retrograde 5(9.1%) 7 (3.2%) 0.070
Recanalization technique: =

ADR 32 (58.2%) 0 (0%) -

PWT 1(1.8%) 146 (67.0%) -

Single wire 1(1.8%) 1 (0.5%) -

Retrograde 7 (12.7%) 27 (12.4%) -
Average stent diameter [mm)] 3.0 +0.3 3.0+0.3 0.302
Total stent length [mm)] 86.4 + 23.4 77.0 = 28.8 0.054
Contrast volume [mL] 441.6 = 162.4 361.5 = 142.1 < 0.001
Technical success 41 (74.5%) 174 (79.8%) 0.460
Procedural success 41 (74.5%) 172 (78.9%) 0.486
In-hospital days 5.0 £ 2.7 5.2 + 3.6 0.777
Pre-PCI cardiac enzyme:

Troponin T [ng/mL] 0.016 (0.009-0.025) 0.011 (0.008-0.023) 0.222

CK-MB [U/L] 15.3 = 6.2 15.0 = 8.4 0.824
Post-PCI cardiac enzyme:

Troponin T [ng/mL] 0.167 (0.073-0.311) 0.087 (0.036-0.234) 0.004

CK-MB [U/L] 24.2+13.4 22.6+18.5 0.574

ADR — antegrade dissection re-entry; PWT — parallel wire technique; CTO — chronic total occlusion; LAD — left anterior descending coro-
nary artery; LCX — left circumflex coronary artery; RCA — right coronary artery; IVUS — intravascular ultrasound; PCI — percutaneous coro-
nary intervention; CM-MB — creatine kinase-MB
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All patients P
ADR (n = 55) PWT (n = 218)

Loss of side branches 11 (20%) 26 (11.9%) 0.118
Perforation 4 (7.3%) 4 (1.8%) 0.055
Cardiac tamponade 2 (3.6%) 1 (0.5%) 0.104
Mpyocardial infarction 0 (0%) 1 (0.5%) -
Ischemia-driven TVR 0 (0%) 0 (0%) -
Death 0 (0%) 1(0.5%) -

ADR — antegrade dissection re-entry; PWT — parallel wire technique; TVR — target vessel revascularization

that more left circumflex coronary artery (LCX)
CTOs were treated in PWT group when compared
with ADR group. There was no difference in tech-
nical success (74.5% in ADR vs. 79.8% in PWT,
p > 0.05) and procedural success (70.9% in ADR
vs. 78.4% in PWT, p > 0.05) between the two
groups. Patients in ADR group showed higher
percentage of intravascular ultrasound (IVUS)
guidance (50.9% vs. 22.9%, p < 0.001), more CTO
guidewires (4.6 = 1.4vs.3.4 = 1.2, p < 0.001) and
contrast volume (441.6 + 162.4 mL vs. 361.5 +
+ 142.1 mL, p < 0.001) used in the procedure,
higher troponin T level after the procedure (0.167
vs. 0.087 ng/mL, p = 0.004), and lower percent-
age of Crusade microcatheter (36.4% vs. 51.8%,
p = 0.04) used in the procedure.

In-hospital complications

In-hospital complications are shown in Table 3.
In PWT group, 2 cases of coronary perforation were
collateral channel perforation after the retrograde
technique and were managed by coil embolization,
while the other 2 cases were main vessel perfora-
tion (mid left anterior descending coronary artery
[LAD] and distal right coronary artery [RCA] which
were managed by balloon inflation). In ADR group,
3 cases of coronary perforation were collateral
channel perforation after the retrograde technique
and were managed by coil embolization, while
1 case was main vessel perforation in CrossBoss
treated patients. Although no coronary perfora-
tion was observed at final angiogram, 2 patients
using Stingray balloon in ADR group and 1 patient
in PWT group suffered from cardiac tamponade
several hours after the procedure and pericardio-
centesis was performed. One case of MI occurred
during the procedure in PWT group, which was
caused by acute stent thrombosis in distal RCA
stent during the retrograde approach to recanalize

LAD CTO lesion. One patient died in PWT group
due to cerebral hemorrhage as confirmed by com-
puted tomography scan after the procedure. There
was a trend of more coronary perforation in ADR
group (p = 0.055).

Clinical outcomes on follow-up

Median follow-up was 365 days (interquartile
range 249-527 days) in ADR group and 370 days
(interquartile range 171-586 days) in PWT group.
There were no significant differences in the rates
of MACE between groups. In particular, the MACE
rate was 7.3% in ADR group and 14.7% in PWT
group (Table 4). Kaplan-Meier curves of MACE-
-free survival at 3 years of follow-up are shown in
Figure 1 and there was no significant difference
between the two groups (p = 0.150).

Independent predictors of technical success

In the multivariate logistic regression analy-
sis, hypertension (odds ratio [OR]: 0.347, 95%
confidence interval [CI]: 0.169-0.711, p = 0.004),
LDL-C (OR: 0.701,95% CI: 0.521-0.943, p = 0.019)
and lesion length > 20 mm (OR: 0.345, 95% CI:
0.172-0.691, p = 0.003) were identified as inde-
pendent correlates of technical success in CTO
patients (Table 5).

Discussion

According to available research, this study is
the first to compare in-hospital and mid-term out-
comes of device-based ADR vs. PWT for the PCI
of coronary CTOs. Findings herein, suggested that
there were no differences in the procedural and
mid-term outcomes between these two strategies.
Besides hypertension, LDL-C and lesion length
> 20 mm were identified as independent correlates
of technical success in CTO patients.

www . cardiologyjournal.org 709
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Table 4. Mid-term follow-up results.

All patients P
ADR (n = 55) PWT (n = 218)

MI: 0 3 -
STEMI 0 0 -
NSTEMI 0 3 -

Death: 0 2 -
Cardiac 0 1 -
Non-cardiac 0 1 -

TVR: 4 29 -
PCI 3 22 -
CABG 1 7 -

MACE 4 (7.3%) 32 (14.7%) 0.150

Follow up days

365 (249-527)

370 (171-586) 0.802

ADR — antegrade dissection re-entry; PWT — parallel wire technique; Ml — myocardial infarction; STEMI — ST-segment elevation myocar-
dial infarction; NSTEMI — non-ST segment elevation myocardial infarction; TVR — target vessel revascularization; PCl — percutaneous coro-
nary intervention; CABG — coronary artery bypass grafting; MACE — major adverse cardiac event

Table 5. Predictors of procedure success in chronic total occlusion lesion

B coefficient  Wald P OR 95% CI of OR
Hypertension -1.058 8.364 0.004 0.347 0.169 0.711
LDL-C -0.356 5.5623 0.019 0.701 0.521 0.943
Lesion length > 20 mm -1.064 9.023 0.003 0.345 0.172 0.691
Absence of interventional collaterals 0.518 2.319 0.128 1.679 0.862 3.27
Antegrade dissection re-entry -0.408 1.17 0.279 0.665 0.318 1.393

Cl — confidence interval; LDL-C — low-density lipoprotein cholesterol; OR — odds ratio

100- 92.3%
§ 77.8%
8 50
S
<C
= p = 0.150

PWT

—4- . ADR
0 : .
0 500 1000

Days

Figure 1. The Kaplan-Meier curves of major adverse
cardiac event (MACE)-free survival in chronic total oc-
clusion patients treated with antegrade dissection re-
entry (ADR) and parallel wire technique (PWT) strategy.
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Antegrade dissection re-entry for CTO PCI
was first described as the subintimal tracking and
re-entry (STAR) technique 15 years ago [8]. This
involves pushing a folded or ‘Knuckled’ (usually
polymer jacketed) guidewire in an antegrade direc-
tion through the subintimal space until it re-enters
the distal true lumen. Although STAR enabled
successful recanalization of long, tortuous and am-
biguous occlusion, high rates of restenosis (54%)
occurred 5 months after STAR [8]. Contrast-guided
STAR [9], Mini-STAR [10], and limited antegrade
subintimal tracking (LAST) [11] are derived from
STAR and are included in wire-based ADR. Even
contrast-guided STAR and Mini-STAR showed high
rates of restenosis (25-54%) on 2-year follow-up
[9, 10]. The 1-year MACE (death, MI and TVR) rate
of LAST is 17.5%, which is comparable to STAR
(15.4%) as reported [11]. The high restenosis rate
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in wire-based ADR may be attributed to poor dis-
tal runoff due to long dissections and loss of side
branches [11, 12].

To minimize vessel trauma during dissection,
device-based ADR was introduced into contem-
porary ADR practice, in which subintimal lesion
crossing can be performed with controlled dissec-
tion using the CrossBoss microcatheter and re-
entry can be achieved with Stingray system. The
technical success rate of the CrossBoss/Stingray
system in CTO lesion was 67-89% as reported [11,
13, 14], which was higher than that of STAR (59%)
in wire-based ADR [11] and was similar to other
CTO crossing strategies (76.2%) [14]. Moreover,
device-based ADR also showed lower MACE
(cardiac death, target-vessel MI, and ischemia
driven TVR) rates (4.3%) when compared with
wire-based ADR (16.9%) during 24-month follow-
up. In the present study, technical success was
found in device-based ADR at 74.5% and MACE
(all-cause death, nonfatal MI, and ischemia-driven
TVR) rate was 7.3% during 1-year follow-up, which
was consistent with the previous studies. Although
1 study reported high MACE (all-cause mortality,
MI, unplanned repeat coronary revascularization,
and stroke) rate (40.3%) in device-based ADR
group during 1.8-year follow-up, this may be at-
tributed to high rates of prior CABG and diffuse
coronary artery disease in that study [14].

Parallel wire technique is another commonly
used technique in the antegrade approach besides
ADR. In this technique, the initial guidewire is left
in the CTO body as a marker and to obstruct the
false channel, and then a second wire is inserted
along it to cross the CTO lesion. Although PWT is
widely used in CTO PCI, minimal published data
exist on this technique and its outcomes. In the
current study, a technical success rate of 79.8%
was demonstrated and MACE rate of 14.7% in
PWT group, which is similar to that of device-based
ADR. Furthermore, using ADR or PWT showed no
correlation with technical success in multivariate
logistic regression. Lesion length > 20 mm was
identified as independent correlates of technical
success in this study, which is consistent with the
RECHARGE and J-CTO score system [6, 15].

Furthermore, dual lumen microcatheter Cru-
sade (KANEKA) was used in 51.8% PWT cases.
Dual lumen microcatheter was designed for man-
aging bifurcation lesions, however, nowadays it is
used in PWT in CTO lesions by leaving the first
wire in the monorail lumen while manipulating the
second wire in the over the wire (OTW) lumen to
enter the true lumen. The first wire in the monorail

Qing Qin et al., Device-based ADR vs. PWT for CTO PCI

lumen can fix and stabilize the microcatheter, make
strong backup and improve the operability of the
second guidewire [16]. Whether dual lumen micro-
catheter can improve the technical success rate in
PWT is still unknown, in our center however, there
1s growing use of dual lumen microcatheter in PWT.

Both PWT and device-based ADR may create
substantial subintimal space expansion, leading
to side branch loss and myocardial enzyme eleva-
tion after PCI. In the current study, although no
statistically significant difference was detected in
side branch loss between ADR (20%) and PWT
(11.9%) group after PCI (p > 0.05), the troponin T
level after PCI was substantially higher in ADR
group than in PWT group (p = 0.004), indicating
more severe injury to the vessel in ADR group.
J-CTO score was identical between ADR and PWT
groups, but patients in ADR group had more prior
PCI attempts, higher contrast volume, more IVUS
guidance, and more guidewires used, which showed
a more complex PCI procedure in ADR group as
reported [14]. Perforation was a concern in device-
-base ADR, and was reported in 1.6-2.6% of cases
in the previous studies [11, 14]. In the present
study, perforation occurred in 4 cases in ADR
group, of which only one was caused by Cross-
Boss. There are also 4 cases of perforation in PWT
group, which indicates no higher perforation risk
in ADR group.

The hybrid CTO PCI strategy places emphasis
on procedural efficiency, and recommends that
changes of strategy should occur very early, and
often cycle rapidly, to maximize the likelihood of
early successful crossing [17]. As PWT and ADR
increased peri-wire space expansion and risk of
hematoma formation, it is proper to switch be-
tween ADR and PWT early if either technique
has not resulted in any significant progress before
peri-wire space expansion [1]. Only 1 case in the
current study was recanalized by PWT after failure
of ADR, while 9 cases succeeded by ADR after
PWT failure. This is probably due to the larger
peri-wire space induced by ADR compared with
PWT in this study, which makes the manipulation
of the guidewire difficult in PWT, implying that
switching from ADR to PWT at an early stage of
the procedure may be effective.

Limitations of the study

First, this is an observational study, and thus
may have bias related to the study design. There-
fore, prospective, randomized clinical trials are
needed to assess the outcomes of CTO lesions
treated with device-based ADR compared with
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PWT. Second, the sample size in ADR group is rela-
tively small and there may be type-II error when
analyzing differences of variables. Third, this is
a single center study with high-volume CTO opera-
tors involved, the results may not be generalized
due to differences in CTO PCI experience. Forth,
CrossBoss was used in 14 (25.5%) patients in ADR
group in this study, which is relatively low as com-
pared with data reported previously ranging from
63% to 85% [14, 18]. The preference of device in
ADR limited the generalization of the results. Fifth,
as improvements in symptoms and quality of life
were not evaluated in the study, some information
might have been missed in the mid-term follow-up.

Conclusions

In the present center, use of device-base ADR
for CTO PCI showed no difference in technical
success, in-hospital complications and mid-term
MACE as compared with PWT, despite higher
procedural complexity in ADR group.
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