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Background: The septal collateral channel (CC) is the preferred channel in retrograde percutaneous coronary intervention (PCI) for
chronic total occlusion (CTO). However, reports on the utilization of the ipsilateral septal CC are limited.

Objective: To evaluate the feasibility and safety of the ipsilateral septal CC in retrograde CTO PCI.

Methods: Twenty-five patients with successful wire CC tracking via the ipsilateral septal CC in retrograde CTO PCI were
retrospectively analyzed. All procedures were performed by experienced CTO operators. Procedures were divided into the left
descending coronary artery (LAD)-septal-LAD group and the LAD-septal-left circumflex coronary artery (LCX) group. Procedural
complications and in-hospital outcomes were ascertained.

Results: Both groups were similar with respect to risk factors and angiographic characteristics of the CTO, except for the collateral
tortuosity (86.7% vs 20%, p=0.002). The success rate of microcatheter CC tracking was 96%. Both technical success and
procedural success rates were 92%. Procedural complications were found in one case (septal perforation, 4%), which happened
in the LAD-septal-LAD group (p=0.250). One postoperative adverse event (Q-wave myocardial infarction, 4%) was observed
before discharge.

Conclusion: The retrograde approach via the ipsilateral septal CC was feasible, with high success rates and acceptable complications,
in the hands of experienced operators.
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Introduction
A retrograde approach in percutaneous coronary intervention (PCI) for chronic total occlusion (CTO) is widely used
around the world, especially in experienced centers." With regard to retrograde collateral channel (CC) selection, the
septal collateral is the preferred channel in most scenarios. However, the retrograde approach via ipsilateral septal CCs is
rarely performed owing to the severe tortuosity of the channels and the need for a complex guiding catheter technique
(such as the “ping-pong” technique).” A few cases have reported the use of an ipsilateral retrograde approach for the left
descending coronary artery (LAD) CTO.>* A systematic description of the percutaneous treatment of left coronary artery
CTOs using ipsilateral septal CCs in the retrograde revascularization approach has never been carried out.

Our study is the first to focus on the feasibility and safety of an ipsilateral septal CC approach in retrograde CTO PCI.
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Methods

Study Population
Between October 2015 and January 2022, all patients with successful wire tracking via ipsilateral septal CCs in retrograde
CTO PCI were retrospectively screened from the database of the Chronic Total Occlusion Club, China. Those with missing
procedural aspect data (records and angiograms) were excluded. Finally, 25 cases were included and analyzed. Each CTO
PCI was performed according to the guidelines and algorithms of the time. The indications for CTO PCI were recorded and
evaluated, and the final decision on the initiation of the PCI procedure was made by the operator. Procedures were divided
into the LAD-septal-LAD group (n=15) and the LAD-septal-left circumflex coronary artery (LCX) group (n=10).

The study protocol was approved by the medical ethics committee of Zhongshan Hospital. The study complied with
the Declaration of Helsinki. All patients provided written informed consent before participating in the procedure.

Study Definitions

The two key characteristics of a CTO are an occlusion with the absence of antegrade flow (Thrombolysis In
Myocardial Infarction [TIMI] flow grade 0) through the lesion with a presumed or documented duration of >3
months.! The angiographic characteristics of CTOs included the locations of the CTO, morphology of the stump,
calcification at the site of the occlusion (radiopacity present before contrast medium injection), vessel tortuosity
(the presence of at least one bend >45° proximal to the occlusion), and grade of collaterals.>® The J-CTO score
was calculated.” The collateral tortuosity was defined by McEntegart et al.” Perioperative myocardial infarction
(PMI) was defined by the fourth universal definition of myocardial infarction.® All analyzed CTOs were performed
by experienced CTO operators, who were defined as operators with >100 CTO PCI cases per year.’

CC tracking was defined as achievement of the placement of microcatheters into the distal true lumen using the
ipsilateral retrograde approach. Technical success was 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 at the end
of the procedure.' Procedural success was defined as the achievement of technical success without in-hospital
major adverse cardiac and cerebrovascular events, which included death from all causes, Q-wave myocardial
infarction (MI additionally with new pathological Q-wave in the postoperative electrocardiogram), stent throm-
bosis, revascularization, and stroke.! Procedural complications were defined as target vessel/septal perforation,

donor vessel dissection, and pericardial tamponade requiring pericardiocentesis.'’

Data Collection

All patients received dual antiplatelet therapy with aspirin (300 mg) and clopidogrel (300 mg) or ticagrelor
(180 mg) before PCI. Statins and beta-blocker agents were prescribed to all individuals if there were no contra-
indications. Clinical characteristics and in-hospital events were recorded by a physician who was blind to the study
design and subsequent data analysis. Angiograms and procedural records were reviewed by two qualified inter-
ventional physicians (one physician with >100 total CTO PCI cases per year). If there were any ambiguities in the
reports or films, the reports and films were reviewed independently by a third, well-qualified interventional
physician. All CTO PCIs were performed according to the current guidelines. All interventional materials,

including guidewires and catheters for the retrograde treatment approach, were selected by the operator.

Statistical Analysis

Continuous variables were presented as mean + standard deviation (SD). Categorical variables were expressed as number
(%). Continuous variables were compared by the independent Student’s ¢-test and categorical variables were compared
by the chi-squared test or Fisher’s exact test. A p value <0.05 was considered statistically significant. All data analyses
were conducted by SPSS 25.0 and GraphPad Prism 5 software.
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Results

Clinical Characteristics

Between October 2015 and January 2022, 25 retrograde CTO PCI procedures through ipsilateral septal CCs were
performed by five experienced CTO operators. These cases were divided into the LAD-septal-LAD group (n=15) and
LAD-septal-LCX group (n=10). The baseline characteristics of all patients (aged 57.6+12.4 years; 88% men), and of the
patients divided into groups are given in Table 1. Overall, 88% suffered from symptoms of ischemia, which was the most
common indication for PCI. The left ventricular ejection fraction (LVEF) among all cases was mostly normal (58.4
+12.4%). The LVEF in the LAD-septal-LAD group was lower than that in the LAD-septal-LCX group (p=0.060). There
were no statistically significant differences in terms of cardiovascular risk factors and comorbidities, including age, body
mass index, diabetes, atrial fibrillation, and hypertension.

Angiographic Characteristics

As shown in Table 2, the most frequent CTO vessel targeted via ipsilateral septal CCs was the LAD (84%). Occlusion
complexity was very pronounced, according to the J-CTO score (1.8%1, 24% J-CTO score >3). In particular, blunt stump
(52%) and lesion length >20 mm (72%) dictated the use of a retrograde approach in our cohort. Up to 32% had
undergone previous unsuccessful CTO-PCIs. In addition, the majority of CCs were classified as CC2 (80%). The CTO
complexity was comparable between groups, as was the collateral degree. However, moderate to severe collateral
tortuosity was found in the majority of cases in the LAD-septal-LAD group, where it was much more common than
in the LAD-septal-LCX group (86.7% vs 20%, p=0.002).

Procedural Data

The utilization rates of radial access alone, the ping-pong technique, and 7 F guiding catheters were 76%, 12%, and 76%,
respectively. A primary retrograde approach was employed in 28% of cases (Table 3). The Corsair (ASAHI INTECC Co.)
and Finecross (Terumo Corporation) microcatheters were most frequently adopted to navigate septal CCs (88%), as
demonstrated in Figures 1 and 2. The timing and feasibility of tip injection are also shown in Figures 1 and 2. As illustrated
in Figure 3, Sion guidewires (ASAHI INTECC Co.) were most frequently used to cross septal CCs (17 cases, 68%), followed
by Sion blue (two cases, 8%), Sion black (two cases, 8%), Fielder XT-R (ASAHI INTECC Co., two cases, 8%), and Such 03
guidewires (ASAHI INTECC Co, two cases, 8%). Among these cases, 28% received multiple guidewires for crossing septal
CCs. As shown in Table 3, there were 47.8%, 34.8%, and 17.4% cases where we used the retrograde wire crossing technique,
kissing wire technique, and reverse controlled antegrade and retrograde tracking (CART) technique, respectively. The

Table | Baseline Clinical Characteristics

Variables Overall (n=25) | LAD-Septal-LAD (n=15) | LAD-Septal-LCX (n=10) p Value
Age (years) 57.6%12.4 53.1%£10.9 64.2£11.9 0.830
BMI (kg/m?) 25.3%3.3 24.9+3.2 26+3.4 0.399
Male 22 (88) 14 (93.3) 8 (80) 0.540
Diabetes 10 (40) 6 (40) 4 (40) 0.990
Hypertension 18 (72) 10 (66.7) 8 (80) 0.660
Atrial fibrillation 2(8) 2 (13.3) 0 0.500
Prior myocardial infarction 4 (16) 2 (133) 2 (20) 0.990
Prior PCI 6 (24) 4 (26.7) 2 (20) 0.990
LVEF (%) 58.4+12.4 55%13.4 63.5%9 0.060
Indication for CTO PCI 0.600

Silent ischemia 1 (4 1 (6.7) 0

Ischemia symptoms 22 (88) 13 (86.7) 9 (90)

NSTEMI 2(8) 1 (6.7) I (10)

Abbreviations: BMI, body mass index; CTO, chronic total occlusion; LAD, left descending coronary artery; LCX, left circumflex coronary artery; LVEF,
left ventricular ejection fraction; NSTEMI, non-ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention.
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Table 2 Angiographic Characteristics

Variables Overall (n=25) | LAD-Septal-LAD (n=15) | LAD-Septal-LCX (n=10) p Value
Target vessel CTO 0.020

LAD 21 (84) 15 (100) 6 (60)

LCX 4 (16) 0 4 (40)
In-stent CTO 1 (4) 0 I (10) 0.400
Blunt stump 13 (52) 6 (40) 7 (70) 0.230
Lesion length >20 mm 18 (72) I (73.3) 7 (70) 0.990
Multivessel disease 19 (76) 13 (86.7) 6 (60) 0.180
Moderate or severe calcifications 3(12) 1 (6.7) 2 (20) 0.540
Vessel tortuosity 3(12) 2 (13.3) I (10) 0.990
Reattempted lesion 8 (32) 5(33.3) 3 (30) 0.990
J-CTO score 1.8+1 .71 2+0.8 0.290
J-CTO score 23 6 (24) 3 (20) 3 (30) 0.650
Collateral degree (Werner) CC2 20 (80) Il (73.3) 9 (90) 0.540
Moderate or severe collateral tortuosity 15 (60) 13 (86.7) 2 (20) 0.002

Abbreviations: CC, collateral channel; CTO, chronic total occlusion; J-CTO, multicenter CTO Registry in Japan; LAD, left descending coronary artery; LCX, left
circumflex coronary artery.

Table 3 Procedural Data

Variables Overall (n=25) | LAD-Septal-LAD (n=15) | LAD-Septal-LCX (n=10) p Value
Vascular access 0.350

Radial only 19 (76) 10 (66.7) 9 (90)

Femoral + radial 6 (24) 5(33.3) I (10)
Ping-pong technique 3(12) 1 (6.7) 2 (20) 0.540
7 F guiding catheter 19 (76) 14 (93) 5 (50) 0.020
Primary retrograde approach 7 (28) 5(33.3) 2 (20) 0.660
Multiple guidewires for CC tracking 7 (28) 5(33.3) 2 (20) 0.660
Microcatheter for CC tracking 24 (96) 15 (100) 9 (90) 0610

Corsair 10 (40) 8 (53.3) 2 (20)

Finecross 12 (48) 5(333) 7 (70)

Others 2 (8) 2 (133) 0
Successful microcatheter CC tracking 24 (96) 15 (100) 9 (90) 0.400
Tip injection 16 (64) 9 (60) 7 (70) 0.690
IVUS 12 (50) 10 (66.7) 2 (20) 0.090
Final CTO crossing technique 23 (92) 14 (93.3) 9 (90) 0.770

Reverse CART 4 (17.4) 3(21.4) I (11.1)

Kissing wires 8 (34.8) 5(35.7) 3(33.3)

Retrograde wire crossing Il (47.8) 6 (42.9) 5 (55.6)
Procedure duration (min) 127+31 129+25 124+40 0.684
Technical success 23 (92) 14 (93.3) 9 (90) 0.990
Procedural success 23 (92) 14 (93.3) 9 (90) 0.990

Abbreviations: CC, collateral channel; CTO, chronic total occlusion; IVUS, intravascular ultrasound; LAD, left descending coronary artery; LCX, left circumflex
coronary artery; Reverse CART, reverse controlled antegrade and retrograde subintimal tracking.

average procedural duration of all cases was 127 minutes. Both technical success and procedural success were achieved in
92% of cases. In addition, the success rate of the microcatheter tracking the septal CC was 96%. There were no differences
between groups with regard to the rates of CC tracking success, technical success, or procedural success.

In-Hospital Events
As shown in Table 4, postoperative adverse events occurred in one patient (4%), with instances of Q-wave myocardial
infarction (MI). This Q-wave MI was associated with the occlusion of the diagonal branch during the procedure. The
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Figure | Angiogram of an LAD CTO of a 45-year-old male patient with ischemia symptoms (A). Tip injection via a Finecross microcatheter facilitated the visualization of septal
channels (B). (C) The Sion guidewire successfully crossed the septal pathways into the distal LAD segment. Tip injection again helped to ensure the distal true course (D). The Gaia
2 guidewire crossed the occlusion via a retrograde approach (E). (F) Final angiogram after stent implantation, in which the vessel hematoma could be found in the mid-LAD.
Abbreviations: LAD, left descending coronary artery; CTO, chronic total occlusion.

18(4.0665)

F
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Figure 2 Angiogram of an LAD CTO of a 59-year-old female patient with ischemia symptoms (A). Tip injection via a Corsair microcatheter facilitated the visualization of
septal channels (B). (C) The Sion guidewire successfully crossed the septal pathways into the distal LAD segment. Tip injection again contributed to ensuring the distal true
course (D). The Gaia 3 guidewire crossed the occlusion via a retrograde approach (E). (F) The final angiogram after stent implantation of the LAD.

Abbreviations: LAD, left descending coronary artery; CTO, chronic total occlusion.

incidence of procedural complications was 4% (one septal channel perforation, Ellis type 3). There were no other
procedural complications, including pericardial tamponade and vessel dissection. The incidence of PMI was 28%. The
peak cardiac troponin T value after PCI was 0.15+£0.26 ng/mL and the postoperative hospital stay was 1.8+£0.9 days. All
mentioned variables were evenly distributed between the groups (p>0.050).
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Figure 3 Distribution of guidewires crossing septal channels.
Abbreviations: LAD, left descending coronary artery; LCX, left circumflex coronary artery.

Discussion

Our study is the first to focus on the feasibility and safety of ipsilateral septal CC in retrograde CTO PCI. Based on the
described procedural aspects and outcomes of the ipsilateral retrograde approach, we have two major findings. 1) The
retrograde approach via ipsilateral septal CC was feasible, with high success rates and acceptable complications, in the
hands of experienced operators. 2) The LAD-septal-LAD pathway was usually accompanied by moderate or severe

LAD-septal-LCX

Suoh 03
Fielder XT-R
Sion Black
Sion Blue
Sion

collateral tortuosity, which may result in a greater likelihood of procedural complications in retrograde CTO PCI.

The septal CC as the contralateral CC is still the preferred pathway for the retrograde approach for CTO PCI.
However, contralateral CCs may be uncrossable, even for experts, in 10-20% of cases.'' Currently developed wire
technologies and dedicated microcatheters can facilitate the crossing of CCs. Nevertheless, because of the tortuous course
and acute angle of channels, ipsilateral septal CCs are seldom considered as a retrograde approach for CTO PCI, even by

experienced CTO operators, which is line with our study (a primary ipsilateral retrograde approach accounted for only

Table 4 Procedural Complications and In-Hospital Events

Variables Overall (n=25) | LAD-Septal-LAD (n=15) | LAD-Septal-LCX (n=10) | p Value
Procedural complications 1 (4) I (6.7) 0 0.250
Septal perforation 1 (4) I (6.7) 0
Target vessel perforation 0 0 0
Pericardial tamponade 0 0 0
Vessel dissection 0 0 0
Postoperative adverse events 1 (4) 0 1 (10) 0.400
Death 0 0 0
Q-wave myocardial infarction 1 (4) 0 1 (10)
Stent thrombosis 0 0 0
Revascularization 0 0 0
Stroke 0 0 0
PMI 7 (28) 4 (26.7) 3 (30) 0.990
Postoperative peak cTnT value (ng/mL) 0.15+0.26 0.15+0.28 0.15£0.24 0.940
Postoperative hospital stay (days) 1.8+0.9 1.9%1.1 1.8+1.8 0.850

Abbreviations: cTnT, cardiac troponin T; LAD, left descending coronary artery; LCX, left circumflex coronary artery; PMI, perioperative myocardial

infarction.
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28%). Besides, retrograde CTO PCI through ipsilateral septal CCs requires years of dedicated training for operators with
complex interventions.

In the present research, LAD-CTOs accounted for the majority of cases, which is opposite to the vessel distribution in
ipsilateral retrograde approaches for CTO PCI.'*'? This is because we exclusively focused on ipsilateral septal CCs via
septal pathways rather than epicardial channels and LCX self-channels. Regarding the backup support of guiding
catheters, radial access and 7 F guiding catheters were basically adequate for the ipsilateral retrograde approach.
Radial access in CTO PCI is prevalent not only because of the satisfactory backup support, but also owing to the better
ergonomics and lower radiation.'* Besides, 7 F guiding catheters were enough to avoid congestion and excessive friction
of antegrade and retrograde material. Although the ping-pong technique can overcome excessive friction, the actual
usage rate was only 12%. In our clinical practice, Sion guidewires were first considered (68%) because of their
atraumatic tip, flexible shaft, high lubricity, and improved torque response. Once Sion family guidewires had failed to
cross the septal channels, Fielder XT-R and Suoh 03 wires were attempted. About one-third of cases accepted at least two
guidewires to cross septal channels. The use of tip injection through the microcatheter when the collateral course was not
completely understood helped in the guidewire crossing.

Of the 25 cases, there was only one case with failed microcatheter CC tracking, because of the extremely steep angles
of the LAD-septal-LCX pathway, which was eventually achieved through an antegrade approach. In addition, there were
two technical failures, in which one patient had acute heart failure during the procedure and another had uncrossable

occlusion despite the use of stiff guidewires, including Conquest Pro 8-20. Compared with previous research,'*"?

our
technical success and procedural success rates are slightly higher. We attribute this to the relatively low procedural
difficulty, which is reflected by the J-CTO scores (1.8+1) and collateral degree (80% CC2). Another reason for this is that
previous research included the full spectrum of CCs and our study excluded epicardial channel analysis. In our clinical
practice, the LAD-septal-LAD pathway was technically more challenging because of the sharp angles to overcome.
However, there were no differences between groups with regard to the rates of CC tracking success, technical success, or
procedural success.

As shown in Table 4, one procedural complication was found in the LAD-septal-LAD pathway. In this case, septal
Ellis 3 perforation occurred during the operation (coronary artery fistula to left ventricular) and the patient eventually
received conservative treatment because of the low flow. The postoperative electrocardiogram was the same as the
previous one and the patient had no ischemia symptoms. The only postoperative adverse event (Q-wave myocardial
infarction) was associated with occlusion of the diagonal branch during the procedure. Considering that the diagonal
branch was relatively small, no further interventional treatment was carried out. No pericardial tamponade or adverse
cardiac events occurred during the hospital stay.

Limitations

First, this was a retrospective study, with inherent bias. The procedural aspects of the analyzed cases may not reflect the
situation in the real world (eg, our technical success and procedural success rates were up to 92%). Second, it was
a single-center study, which was inevitably accompanied by bias (cases were scarce in other centers). Therefore, further
multicenter confirmation of the results is warranted. Third, owing to the complexity of the retrograde approach via the
ipsilateral septal CC, these CTO PCIs were relatively scarce and all cases were performed by five experienced CTO
operators. For this reason, our findings may not be generalizable to other clinical practices. Larger-scale, multicenter,
prospective clinical trials are required to confirm our findings. Fourth, our follow-up was limited to the duration of

hospitalization, and long-term follow-up was unavailable.

Conclusion
Despite difficulties in crossing the ipsilateral septal channels, a retrograde approach via the ipsilateral septal CC was
feasible, with high success rates and acceptable complications, in the hands of experienced operators.
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