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Comparative outcomes of parallel-wire and antegrade wire escalation
techniques following single-wire failure in CTO PCI — a long-term
follow-up study

JlyropouHo npaheme ynopeiHux NcXo/1a TEXHUKE MapaielHe U ecKajaluje
aHTerpaJiHe JKHIIe HAKOH HEeyCIeXa WHUIM]aIHE KHIIE Y TIEPKYTaHO]
peKaHaIM3aIH]H XPOHUYHUX TOTAIHUX OKITy3Hja KOPOHAPHUX apTephja

SUMMARY

Introduction/Objective Introduction/Objective Fol-
lowing the failure of the single-wire technique in percu-
taneous coronary intervention (PCI) for chronic total oc-
clusions (CTO), two principal anterograde escalation
strategies are commonly employed: the parallel-wire
technique and antegrade wire escalation (AWE). Despite
their widespread use, comparative data on the procedural
characteristics and long-term clinical outcomes of these
strategies remain scarce. This study aims to compare the
procedural parameters and long-term outcomes of the
parallel-wire and AWE techniques after single-wire fail-
ure in CTO PCIL.

Methods This retrospective, single-center study included
patients who underwent successful CTO PCI between
January 2018 and December 2023 using either the paral-
lel-wire or AWE technique following single-wire failure.
The primary endpoint was a composite of cardiac death,
myocardial infarction, stroke, or target vessel revascular-
ization (TVR). Secondary outcomes included procedure
duration, fluoroscopy time, contrast volume, and total ra-
diation dose. Median follow-up duration was 1222 days
(IQR 580-1969 days).

Results Among 270 CTO PCI procedures, 112 (41.5%)
required escalation: 90 with AWE and 22 with the paral-
lel-wire ‘technique. Baseline clinical and angiographic
characteristics were comparable. The primary composite
outcome occurred in 14.4%. of the parallel-wire group
and 9.1% of the AWE group (p = 0.73). No significant
differences were observed in individual clinical events.
Procedure duration was longer (95.5 + 43.6 vs. 77.0 +
307 min; p= 0.064) and contrast volume higher (336.4
+ 113.3 vs. 271.6 = 90.6 mL; p = 0.014) in the AWE
group, with similar fluoroscopy time and radiation dose.
No clinically or angiographically significant complica-
tions occurred during the periprocedural period. Conclu-
sion Both AWE and parallel-wire techniques demon-
strate comparable safety and efficacy following single-
wire failure in CTO PCI. While procedural efficiency
slightly favored the parallel-wire strategy, overall out-
comes support either approach, pending further prospec-
tive validation.

Keywords: chronic total occlusion; percutaneous coro-
nary intervention; anterograde approach; wire escalation;
parallel wire
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CAXKETAK

Yeoa/Llns HakoH Heycnexa TeXHHKE jEHE JKHUIE Y
IIepKyTaHO] KOPOHapHO] UHTepBeHIUju (PCIl) XxpoHHY-
HUX TOTaTHUX oKiIy3uja (CTO), Hajuemrhe ce mpuMemnyjy
JIBE aHTEpPOrpajHe €CKaJlallMOHE CTpaTerHje: TEeXHMKa
MapaselTHAX JKUIA U eCKaJalija aHTePOr paIHOM KHLIOM
(AWE). Nako cy mupoxo Kopuurhene, HoAaIu Koju ymo-
pebyjy nporenypHe kKapaKTepUCTHKE M JTyrOPOYHE KITH-
HUYKE UCXOJE OBHX TCXHUKA Cy M Jajbe OIPaHUUCHU.
usb oBe-ctynuje’je ynopeheme TpoleypHUX napame-
Tapa ¥/ lyrTOpOYHUX HCXOJa TeXHUKE MapalieTHUX KU
n AWE HakoH Heycmexa TexHUKe jeaune xuue y PCI
CTO.

Metone JeMHONEHTPUYHA, PETPOCTICKTHBHA CTY/Hja O-
OyxBaTuIIa je naujeHTe Koju cy on janyapa 2018. no ne-
memopa 2023. umamu ycneman CT7TO PCI xopuctehu
AWE wnu mapaieyHy KWIly HaKOH WHHIIUjAIHOT HEy-
cnexa. [IpumapHu ucxon OMO je KOMIIO3UTHH: CpyaHa
CMPT, HHPAPKT MHOKapJa, MO>KAaHH YAap WIH PEeBacKy-
napuzanuja nubHOT cyaa (TVR). CekynaapHu ucxoau
Cy 00yXBaTWJIM Tpajame mpouenype, Bpeme GpiIyopocko-
nuje, KOJIMYMHY KOHTpacTa U 103y 3paderma. Menujana
Tpajama npahiema nanujenara u3Hocuna je 1222 naxa, ca
UHTEPKBapTUIHUM oriceroM of 580 1o 1969 nana.
Pesyaratu Ox 270 mpouenypa, y 112 (41,5%) je npu-
MEHWEHa jeqHa O] HaBeleHHMX TexHuka: 90 AWE, 22
TeXHHKa mapasiesie sxuie. OCHOBHE KapaKTEPHCTHKE CY
ouse ciimune. KomnosuTHu ucxo ce jaBuo kox 14,4% y
rpynu napaiesnse xxuue u 9,1% y AWE rpynu (p = 0,73).
ITpumeHa KOHTPACTHOT CpecTBa je Ouna 3HavyajHO Beha
y AWE tpynu (p = 0,014), ocrayne pasiavke HUCY Ouie
3HauajHe. TOKOM mepunpolenypaIHOr Iepuoja Impa-
hemwa HUje OWIT0 KITMHUYKUX HUTH aHTHorpadcky 3Havaj-
HUX KOMIUTHKAIIHja.

3aksbyuak OOe TEXHUKE MOKa3yjy CIMYHY 0e30eqHOCT
n epukacHoCcT. TexHUKa MapajesHe KUIe HyAd HEeIITO
00Jby TpolLeAypaHy e(pUKACHOCT, aju Cy HOTpeOHe
JlaJbe MPOCTIEKTUBHE CTYMje Aa OM Jlajie KOHA4YaH OJIro-
BOP.

KibyuHe peun: XpoHHYHA TOTATHA OKIIy3H]ja; IEPKyTaHa
KOpOHapHa WHTEPBEHIMja; aHTETPAIHU MPHCTYII;, ecKa-
Janyja )KUIe; mapanenHa Kuma
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INTRODUCTION

Chronic total occlusion (CTO) percutaneous coronary intervention (PCI) represents a frontier
of interventional cardiology that continues to evolve in both technique and strategy [1, 2]. De-
spite advances in operator training, wire technology, and algorithmic approaches, procedural
success remains highly dependent on the ability to cross the occlusion efficiently and safely [3,

4].

The single-wire technique is typically employed as the initial strategy during antegrade CTO
PCI. However, its success is often limited in complex lesion subsets characterized by blunt or
ambiguous caps, heavy calcification, or long occlusion length. In such cases, escalation is re-
quired. The parallel-wire technique, which introduces a second wire after the initial wire enters
a subintimal space, enables re-engagement of the true lumen with a different trajectory. Alter-
natively, the antegrade wire escalation strategy involves gradual increases-in wire penetration
power while maintaining the original trajectory, and is often guided by tactile feedback and

intravascular imaging [4, 5].

While both approaches are widely used, comparative data on their clinical efficacy —particularly
regarding long-term outcomes such as cardiac death, myocardial infarction, stroke, or target
vessel revascularization (TVR) = remain limited. Most previous studies have focused on pro-
cedural endpoints, without evaluating whether differences in technique result in sustained clin-
ical benefits [6—11]. Considering that patient-specific risk factors — particularly diabetes melli-
tus — as/well as anatomical features such as bifurcation involvement, severe calcification, long
occlusion length, and ambiguous proximal caps are associated with increased lesion complexity
and adverse long-term outcomes following CTO PCI, understanding the interplay between clin-

ical and anatomical variables remains crucial when assessing escalation strategies [12—16].

This study aimed to compare not only the procedural efficiency and safety of the two strategies,
but also their impact on long-term clinical outcomes, thereby providing a more comprehensive
understanding of how escalation techniques influence both immediate and long-term patient

prognosis.

METHODS
Study design

This was a retrospective, observational single-center cohort study conducted at the tertiary uni-

versity Clinical Center of Serbia, approved by the Ethical Committee of the University Clinical
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Center of Serbia. Patients who underwent CTO PCI between January 2018 and December 2023
were screened. Only those with failure of the initial single-wire antegrade approach, followed
by treatment with either a parallel-wire or antegrade wire escalation technique, were included.
In the analysis, we included procedures that achieved technical success, defined as successful
CTO crossing with <30% residual stenosis and achievement of TIMI 3 flow. All procedures
were performed by a senior CTO operator in collaboration with two junior specialists dedicated
to CTO interventions, both working under the supervision and proctorship of the senior opera-

tor.

Definitions of procedural techniques
Single-wire technique

The single-wire technique refers to the initial approach in PCI for CTO, where a single guide-
wire is used to attempt lesion crossing in an antegrade fashion. This method typically employs
a soft or intermediate-tip wire, guided by angiographic anatomy, without immediate escalation
to higher-penetration or multiple-wire strategies. It-is considered a low-complexity, first-line

technique and often precedes more aggressive methods if unsuccessful.

Antegrade wire escalation (AWE) technique

The antegrade wire escalation technique involves the sequential use of guidewires with increas-
ing tip stiffness and penetration power to cross the occlusion through the true lumen in an an-
tegrade direction. Escalation typically progresses from polymer-jacketed or tapered-tip wires
to high-penetration wires, depending on lesion characteristics and operator judgment. This
method is generally employed after the failure of the single-wire approach, aiming to overcome

resistant proximal caps or ambiguous vessel course without entering the subintimal space [5].

Parallel-wire technique

The parallel-wire technique constitutes a structured escalation approach implemented after the
unsuccessful application of the single-wire method. Upon confirmation — or strong suspicion —
that the initial guidewire has traversed into a subintimal or false lumen has entered an extra-
plaque space, a second, usually stiffer or differently tapered wire is advanced in parallel to the
first. Employing a microcatheter for enhanced support and directional control, the adjunctive

wire is steered along an alternative trajectory, with the explicit aim of re-engaging the true
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arterial lumen distal to the occlusion. By providing a distinct channel for lesion negotiation and
refining torque transmission, this technique has been shown to improve crossing success rates

in anatomically challenging CTOs [17].

Endpoints

The primary outcome was the composite of cardiac death, nonfatal myocardial infarction, target
vessel revascularization and stroke. Secondary endpoints included total procedure duration,
fluoroscopy time, contrast volume, and the total radiation dose, defined as the cumulative air
kerma at the interventional reference point (measured in mGy), recorded at the end of the pro-

cedure.

Population and eligibility

The study included patients with angiographically confirmed chronic total occlusion who were
initially treated with a single-wire antegrade strategy, followed by escalation to either a parallel-
wire or anterograde wire technique after failure of the initial attempt. Only patients with com-
plete procedural data and available long-term ¢linical follow-up were analyzed. Patients treated
with retrograde or hybrid techniques, those in whom re-entry devices such as CrossBoss or
Stingray were used, as well as individuals with incomplete or unavailable follow-up data, were

excluded from the study.

Follow-up

Clinical follow-up data were collected via outpatient visits, electronic medical records, and
standardized phone interviews. Median follow-up duration was 1222 days (IQR 580-1969
days).

Statistical analysis

Categorical variables were expressed as counts and percentages, and continuous variables were
reported as means + standard deviations. The Chi-square test or Fisher’s exact test was used to
compare categorical variables, while continuous variables were compared using the independ-

ent-samples t-test or Mann—Whitney U test based on data distribution. A p-value less than 0.05
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was considered statistically significant. All statistical analyses were performed using IBM

SPSS Statistics version 28.0 (IBM Corp., Armonk, NY, USA).

Ethics: The study received approval from the Ethics Committee of the University Clinical Cen-
ter of Serbia (Approval No. 30/4).

RESULTS

During the study period, a total of 270 patients underwent percutaneous coronary intervention
for chronic total occlusion. Among them, 112 cases (41.5%) necessitated procedural escalation
due to unsuccessful single-wire crossing and were subsequently managed with either an ante-
grade wire escalation strategy (n = 90) or the parallel-wire technique (n = 22) (Figure 1). This
final study cohort consisted of 112 patients, the majority of whom were male (78.6%).
The mean age was 67.3 + 10.1 years in the AWE group and 63.1 + 8.0 years in the parallel-

wire group, without a statistically significant difference (p = 0.07).

No significant differences were observed.between the AWE and parallel-wire groups in terms
of diabetes prevalence or family history of coronary artery disease. Baseline demographic, clin-

ical, and procedural characteristics for both groups are detailed in Table 1.

Primary composite outcome and secondary endpoints

The primary composite outcome, defined as the occurrence of cardiac death, myocardial infarc-
tion, stroke, or TVR was documented in 13.4% of the overall study population. In the parallel
wire group, this outcome occurred in 14.4% of patients, while in the AWE group, the incidence
was 9.1% (Figure 2). Although the parallel wire group exhibited numerically higher event rates,
none of the individual components of the composite outcome reached statistical significance
between groups. Moreover, no significant differences were identified in the overall incidence
of the primary composite endpoint or its constituent events between the two antegrade escala-
tion strategies following failure of the single-wire approach. A detailed distribution of outcome

types by group is provided in Table 2.

Secondary procedural endpoints included procedure duration, fluoroscopy time, contrast vol-
ume, and radiation dose. The mean procedure time was longer in the AWE group (95.5 + 43.6
minutes) compared to the parallel-wire group (77.0 = 30.7 minutes), with a trend toward statis-
tical significance (p = 0.064). The contrast volume was significantly greater in the AWE group

(336.4 £ 113.3 mL vs. 271.6 £ 90.6 mL; p = 0.014). In contrast, no statistically significant
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differences were observed between the groups in terms of fluoroscopy time and radiation dose
(p =0.624 and p = 0.776, respectively) (Figure 2). A comprehensive overview of these second-
ary outcomes is provided in Table 3. There were no clinically or angiographically significant

complications observed in the periprocedural period.

Specifically, in successfully recanalized patients within the single-wire group, the following
guidewires were used: Fielder family in 58 cases (72.5%), Gaia 1st in 8 cases (10%), Gaia 2nd

in 13 cases (16.25%), and Confianza Pro 9 in 1 case (1.25%).

In the AWE group, the most frequently selected initial wire was from the Fielderfamily in 65
cases (72%), followed by Gaia 1st in 9 cases (10%), Gaia 2nd in 13 cases (15%), and Gaia 3rd
in 3 cases (3%). Among the wires that ultimately crossed the occlusion in this group, the Gaia
family predominated: Gaia 1st in 22 cases (24%), Gaia 2nd in 52 cases (59%), and Gaia 3rd in
10 cases (11%), whereas Confianza Pro - 4 (4%) and ConfianzaPro 12'-2.(2%) were used less

frequently.

In the parallel-wire technique, the first-choice wires were predominantly from the Fielder fam-
ily in 16 cases (73%), followed by Gaia 1st in 4 cases (18%) and Gaia 2nd in 2 cases (9%).
Wires that successfully entered the distal true lumen included Gaia 1st in 4 cases (18%), Gaia

2nd in 16 cases (73%), and Gaia 3rd in 2 cases (9%).

DISCUSSION

While single-wire crossing remains the predominant antegrade strategy in contemporary CTO
registries, there is a notable lack of robust data guiding the selection of the most appropriate
alternative technique following failure of the single-wire approach (6). This study offers a com-
parative analysis of two widely used antegrade escalation strategies — parallel-wire technique
and antegrade wire escalation — employed following single-wire failure in PCI CTO. Although
no statistically significant differences were observed in long-term rates of the primary compo-
site outcome between the groups, both techniques demonstrated high procedural success and

low complication rates, underscoring their clinical utility in contemporary CTO practice.

Although the parallel-wire group exhibited a numerically higher rate of adverse events, this
difference did not reach statistical significance, and the small sample size in this cohort limits
the power to draw definitive conclusions. Although the small size of the parallel-wire cohort
limits statistical power, the absence of baseline imbalances strengthens the internal validity of

the findings. The greater contrast use and trend toward longer procedural time in the AWE
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group may have clinical implications, particularly in patients with renal impairment or complex
anatomy. These findings likely reflect the incremental and often repetitive nature of AWE, in-
cluding multiple wire exchanges and re-engagement attempts. The choice between wire-esca-
lation and parallel-wire techniques was largely dictated by procedural circumstances, with
longer occlusions being more prone to extraplaque wiring and thus more often managed by the
parallel-wire approach, particularly when the initial wire course was close to the distal true
lumen. Notably, the relative frequency of both techniques in our cohort is consistent with the

proportions reported in major international registries.

Our findings are consistent with prior registry-based observations and expert consensus state=
ments suggesting that both AWE and parallel-wire strategies are reasonable and effective op-
tions following initial wire failure. While direct comparative data between these two techniques
remain limited, some studies comparing parallel-wire with dissection and re-entry have sug-
gested procedural trade-offs, with ADR often achieving higher crossing success at the expense
of increased contrast and radiation exposure. A comprehensive meta-analysis by Zhao et al.
[18] demonstrated that extensive ADR-techniques were associated with a significantly in-
creased risk of adverse long-term outcomes — including target vessel revascularization , in-stent
restenosis, and the composite of death/myocardial infarction/TVR - when compared with con-
ventional wire escalation strategies. Conversely, limited ADR techniques, particularly those
facilitated by dedicated re-entry devices, were shown to have outcomes comparable to those of
wire escalation [19]. Supporting this, the PROGRESS-CTO registry analysis compared ADR
and parallel-wire techniques after failed single-wire attempts and reported that ADR was asso-
ciated with higher rates-of major adverse cardiovascular events (3.7% vs. 1.9%, p = 0.029),
despite demonstrating slightly higher technical success [20]. This suggests a potential trade-off
between technical efficacy and procedural safety, especially in more complex or comorbid pa-

tients where ADR tends to be more frequently selected.

Furthermore, findings from the randomized CrossBoss First Trial [21] revealed no significant
difference between the CrossBoss-based ADR strategy and standard wire escalation in terms of
crossing time, technical or procedural success, or safety outcomes. These results emphasize that
while controlled dissection and re-entry techniques may offer utility in specific anatomical sce-
narios, they do not universally outperform conventional wire-based strategies and should not

be considered the default escalation approach.

Our findings, showing no statistically significant differences in primary outcomes between the

parallel-wire and AWE strategies, are consistent with the results reported by Galassi et al., who
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demonstrated comparable long-term clinical efficacy between wire-based ADR and conven-
tional antegrade wiring techniques, despite higher lesion complexity in the ADR group. The
convergence of clinical outcomes suggests a potential therapeutic equivalence among various
wire escalation strategies employed after initial failure, reinforcing the need for prospective
investigations utilizing standardized intravascular imaging and adequately powered parallel-
wire cohorts to refine the decision-making algorithm in this high-risk subset of CTO patients

[22].

The choice between wire-escalation and parallel-wire techniques was largely dictated by pro-
cedural circumstances, with longer occlusions being more prone to extraplaque wiring and thus
more often managed by the parallel-wire approach, particularly when the initial wire course
was close to the distal true lumen. Notably, the relative frequency of both techniques in our

cohort is consistent with the proportions reported in major international registries.

In this context, our data contribute to the growing body of evidenee supporting individualized
strategy selection based on lesion morphology, operator experience and patient-specific risk
factors. Although no statistically significant difference in long-term clinical outcomes was ob-
served, procedural nuances and. patient-related considerations may guide tailored escalation
strategy selection. Given that chronic total occlusion represents one of the most complex lesion
subsets in interventional cardiology, successful recanalization -despite its technical demands -
can enable complete myocardial revascularization, which has been linked to improved long-
term prognosis in appropriately selected patients [23, 24]. As the field continues to evolve,
further randomized trials are essential to delineate optimal strategy selection and clarify the role

of device-assisted techniques within the antegrade escalation hierarchy.

Study limitation

This study has several important limitations that warrant consideration. First, its retrospective
and observational design inherently introduces the risk of unmeasured confounding factors,
which may have influenced the observed outcomes. Additionally, the single-center nature of
the investigation — conducted at a high-volume academic center specializing in CTO interven-
tions — may limit the generalizability of the findings to other clinical settings with differing
operator expertise or procedural volume. The choice of escalation strategy was determined by

operator discretion rather than randomization, potentially introducing selection bias.
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Furthermore, although intravascular imaging modalities such as IVUS or OCT were utilized in
select cases, their use was not standardized across the cohort. This limitation reduces the ability
to systematically evaluate procedural decision-making and lesion morphology. Notably, alt-
hough the parallel-wire (PW) technique is considered a part of true antegrade crossing (AW-0O)
according to the ARC-CTO classification, the possibility of partial or complete extraplaque
wire crossing cannot be excluded in the absence of systematic intravascular imaging, which

was not implemented in the present study [25].

Another important limitation lies in the relatively small sample size, particularly within the PW
group, which not only reduces statistical power but also limits the robustness.of subgroup com=
parisons. Moreover, the sample sizes of the two comparison groups were not homogeneous (90
vs. 22), further impacting the reliability of comparative analyses and the generalizability of the

findings.

CONCLUSION

No statistically significant differences were observed in primary composite endpoints between
the parallel-wire and AWE groups; the results suggest comparable clinical efficacy and safety

of both strategies in this.complex subset of patients.

Further studies with standardized imaging guidance and larger parallel-wire cohorts are war-

ranted to better define the optimal strategy after single-wire failure in CTO PCI.

Conflict of interests: None declared.
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Table 1. Baseline demographic, clinical, and procedural characteristics

Characteristics (n(%)) Total AWE Parallel wire ( A\’l\)f-l;,ilsuliW)
No of patients 112 90 22
Age (yrs, mean+SD) 58.5+9.5 1 67.3+£10.1 63.1+8 0.43
Male (%) 88 (78.6%) | 70 (77.8%) | 18 (81.8%) 0.68
Family history of CAD (%) 49 (43.8%) | 37 (41.1%) | 12 (54.5%) 0.25
Diabetes (%) 32 (28.6%) | 23 (25.6%) 9 (40.9%) 0.209
— Insulin dependent 7 (6.25%) 6 (6.7%) 1 (4.5%) )
Hypertension (%) 95 (84.8%) | 75(83.3%) | 20(90.9%) 0.38
Hypercholesterolemia (%) 88 (78.6%) | 69 (76.7%) | 19 (86.4%) 0.32
Smoking status
— Never 61 (54.5%) | 46 (51.1%) | 15 (68.2%)
— Smoker 23 (20.5%) | 22 (24.2%) 1 (4.5%) 0.11
— Ex-smoker 28 (25%) | 22 (24.2%) 6 (27.3%)
Previous MI (%) 50 (44.5%) | 38 (42.2%) | 12454.6%)
— STEMI 33 (29.5%) | 25 (27.8%) 8 (36.4%) 0.58
— NSTEMI 17 (15.2%) | 13 (14.4%) 4 (18.2%)
Previous CABG (%) 5 (4.5%) 5 (5.6%) 0 (0%) 0.26
Previous PCI (%) 28 (25%) | 23(25.6%) 5(22.7%) 0.78
ccS
—-CCS1 15 (13.4%) | 13 (14.4%) 2 (9.1%)
—CCS2 80 (71.4%) | 64 (711.1%) | 16 (72.7%) 0.76
—-CCS3 17 (15.2%) | 13 (14.4%) 4 (18.2%)
CTO artery (n (%))
—RCA 64 (58.7%) | 50 (56.6%) | 14 (66.7%)
—LAD 33 (30.3%) | 27 (30.7%) 6 (28.6%) 0.54
—Cx 12 (11%) | 11 (12.5%) 1 (4.8%)
Localization of CTO-(n (%))
— Ostial 1 (0.9%) 1(1.1%) 0 (0%)
— Proximal 47 (42%) 36 (40%) 11 (50%) 0.37
=Medial 54 (48.2%) | 43 (47.8%) 11 (50%) '
— Distal 10 (8.9%) | 10 (11.1%) 0 (0%)
In-stent CTO (N (%)) 10 (8.9%) 7 (7.8%) 3 (13.6%) 0.41
Diameter of CTO vessel (mm, mean+ SD) | 3.0+ 0.4 3.0+04 32+03 0.02
Stump morphology (N (%))
— Blunt 35(31.3%) | 27 (30%) 8 (36.4%) 0.56
— Tapered 77 (68.8%) | 63 (70%) 14 (63.6%) )
J CTO score (mean + SD) 1.69+12 | 1.73+£1.1 1.50+1.3 0.38
Side branch (%) 13 (11.6%) | 12 (13.3%) 1 (4.5%) 0.25

Data are expressed as the mean = SD or as the number (percentage);

13

CAD - coronary artery disease; MI — myocardial infarction; STEMI — ST-elevation myocardial

infarction; NSTEMI — Non-ST-elevation myocardial infarction; CABG — coronary artery by-

pass grafting; CCS — Canadian Cardiovascular Society grading of angina pectoris; CTO —

chronic total occlusion; LAD — left anterior descending; Cx — circumflex; RCA —right coronary

artery; AWE — antergrade wire escalation; PW — parallel wire
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Table 2. Primary composite outcomes during follow-up

N (%) AWE Parallel P
Cardiac death | 3 (3.3) 0(0) 1
MI 2(2.2) 0(0) 1
TVR 5(5.6) 1 (4.5) 1
Stroke 3(33.3) 1 (4.5) 1
Total events | 13 (14.4) | 2(9.1) | 0.73

The data is numerical;
AWE — anterograde wire escalation technique; Parallel — parallel wire techniques; MI — myo-

cardial infarction; TVR — target-vessel revascularization
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Table 3. Secondary procedural endpoints: comparison between antergrade-wire escalation and

parallel-wire techniques

Parameter Total AWE (mean = SD) | Parallel-wire (mean + SD) P
Procedure time (min.) 91.84+41.9 95.5+43.6 77.0+£30.7 0.06
Fluoroscopy time (min.) 37.57£22.3 38.1+22.8 35.5+21.1 0.62
Contrast volume (mL) 323.71+£111.88 3364+ 1133 271.6 £90.6 0.01
Air Kerma (mGy) 1582.85+987.32 1596.0 £ 1014.6 1528.9 + 886.8 0.77

The data is numerical;

AWE — antergrade wire escalation technique; parallel wire — parallel techniques
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270 patients with CTO

Overall success: 87.8%

54 pts —retrograde approach

| l_,|

216 pts — antegrade approach

Antegrade success rate: 88.9% |

24 patients — recanalization failure
(23 AWE technique, 1 PW technique)

e | —

80 pts —recanalized with single-

wire technique

112 pts — successfully recanalized

after single-wire failure

/

90 pts — AWE technique | | 22 pts — PW technique

Figure 1. Study flow chart;

16

CTO - chronic total occlusion; pts — patients; AWE — antergrade wire escalation; PW — parallel

wire.
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Single wire failure (n=112)

The wire does not cross the

Microcatheter occlusion
AWE group (n=90) / \ PW group (n=22)

T i r!s \ra
7 he wire crosses the The wire is in extraplague

i occlusion Dual lumen microcatheter
Microcatheter space

Primary Composite Outcome at median 40.1 months (IQR 19-65 months)
i Vs 9.1% (p=0.73)

Secondary endpoints

Longer procedure duration and higher contrast usage in the AWE group, with similar floroscopy time and radiation exposure

Figure 2. Central illustration;

AWE — antegrade wire escalation; PW < parallel wire; CTO — chronic total occlusion
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