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Abstract

Aims: Septal surfing and distal tip injections are two techniques used for septal crossing in retrograde
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examine for the first time the safety and feasibility of the septal surfing technique.
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Methods and results: Among 470 consecutive CTO PClIs performed in the Quebec hybrid CTO PCI pro-
gram between January 2010 and December 2015, 240 (51%) involved a retrograde attempt. In the septal
crossing subgroup, we evaluated whether the Werner collateral channel (CC) classification, CTO location,
tortuosity, and number of large septal CCs influenced retrograde crossing success, time, and perforation.
Septal channels were used in the majority (n=152, 63%) of cases. Patients in the septal subgroup were
younger, had less bypass surgery, were more likely to have RCA CTO and had previous failure. Septal
channels were successfully crossed with the wire using the surfing technique in 81%, irrespective of the CC
size. Septal crossing success and time were not influenced by Werner CC class but by septal CC tortuosity.

One quarter of cases had septal perforations; all were minor and asymptomatic.

Conclusions: Septal surfing is a safe and highly successful technique for crossing septal CCs when a ret-
rograde approach is mandated for CTO PCI. The Werner class does not affect retrograde CC crossing suc-

cess or time.

*Corresponding author: Department of Interventional Cardiology, McGill University Health Centre, Glen Site, 1001 boulevard
Décarie, Montreal, QC, H4A 3J1, Canada. E-mail: stephane.rinfret@mcgill.ca
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Abbreviations

CABG coronary artery bypass grafting

cC collateral channel

CTO chronic total occlusion

DTI distal tip injections

J-CTO score Japanese-Chronic Total Occlusion score
PCI percutaneous coronary intervention
SST septal surfing technique

ww workhorse wire

Introduction

Based on the hybrid chronic total occlusion (CTO) percutaneous
coronary intervention (PCI) algorithm', the retrograde approach is
preferred in the presence of an ambiguous proximal CTO cap, dis-
tal vessel disease or a major bifurcation at the distal cap. However,
this is conditional on the identification of potential pathways to
reach the distal CTO cap®.

When selecting a retrograde route to the distal CTO cap, a pref-
erence is usually given to septal collateral channels (CCs)**, which
are considered safer than epicardial CCs. A recent systematic
review and meta-analysis showed that the retrograde approach in
selected patients can significantly enhance CTO PCI success with
a low risk of serious procedural complications®. The advent of the
Corsair microcatheter (ASAHI Intecc, Aichi, Japan) has also revo-
lutionised CC crossing in retrograde CTO PCI®. Currently, there are
two schools of septal crossing, the Japanese and the Western. The
original Japanese method involves selecting a CC that has a higher
likelihood to connect, and relies on sequential distal microcathe-
ter tip injections in order to visualise and isolate a connecting CC,
with subsequent attempts to cross the identified CC with a dedi-
cated wire. Another method, first described by Sianos’, is termed
the “septal surfing technique” (SST) whereby the wire probes septal
CCs by “trial and error” without distal tip injections (DTI), in search
of a path of low resistance. While the ability to visualise a con-
necting CC was described as being a key factor with the Japanese
technique®, its impact on CC crossing with the SST is unknown.
We therefore present our six-year experience with retrograde tech-
niques. We compared cases where a septal channel was used vs.
other retrograde pathways (epicardial CC or grafts)’. We hypoth-
esised that the visualisation of a continuous connection between the
donor and recipient vessel is not associated with improved septal
CC crossing or a shorter time when using SST.

Editorial, see page 1802 and page 1805

Methods

STUDY POPULATION, VARIABLES AND OUTCOMES DEFINITION
Between January 2010 and December 2015, 470 consecutive cases
were performed in the Quebec hybrid CTO PCI program. A case
was considered retrograde when a wire was used to attempt cross-
ing a CC or a vein graft’, successfully or not. We collected features
of the CTO that mandated a retrograde approach as per the pub-
lished hybrid algorithm!. We also assessed the Werner class of the
dominant collateral and the class of the CC that was finally crossed

through prospective (by S. Rinfret) and detailed retrospective angio-
graphic review (by R. Dautov). The Werner classification identifies
collaterals as either without visible connection with the recipient
vessel (CCO), as thread-like tiny vessels (CC1) or as small vessel-
like channels (CC2) (Figure 1). To assess the CC class of crossed
septal CC, we compared the course of the wire with the most likely
collateral crossed on the baseline angiography at the time of PCIL.
If no connection was visible in the trajectory of the wire prior to
crossing, we considered that a CCO was traversed. In the case of
failed connection, we considered for analysis the largest attempted
collateral. We also assessed the Japanese-Chronic Total Occlusion
(J-CTO) score'*!'. For the purpose of identifying factors associ-
ated with higher retrograde CC crossing success using the SST, we
analysed angiographies for the presence of the following factors:
location of the CTO (left anterior descending artery [LAD] vs. non-
LAD), tortuosity of the attempted channel in its visible portion and
the number of CC2 connections. A CC was crossed successfully
when the wire was placed at the distal CTO cap. We also assessed
the proportion of those cases where the microcatheter followed to
the distal cap with success.

Baseline, procedural and hospitalisation data were prospectively
collected and entered into a dedicated database. Data collection
was approved by our institutional review committee as part of the
Recherche Evaluative en Cardiologie InTerventionnelle (RECIT)
registry and subjects provided signed informed consent. The fea-
sibility endpoints were defined as successful CC crossing as well
as the time to perform CC crossing. The safety endpoints were
defined as events related solely to septal channel crossing and
comprised intraprocedural complications (septal channel perfora-
tions, septal haematomas requiring specific treatment, pericardial
effusion or tamponade) and donor-artery dissection or thrombosis.
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Figure 1. Werner's classification of collateral channels. Collateral
channel (CC) grades by Werner: CCO - no continuous connection;
CC1 — thread-like continuous connection; CC2 - side branch-like
connection.



We also assessed the ability to place a microcatheter at the distal
CTO cap, final technical success of the procedure, defined as the
ability to open the CTO, and other performance variables, such as
contrast use and radiation dose.

RETROGRADE COLLATERAL CHANNEL CROSSING
TECHNIQUE

Once the retrograde approach is justified either as a primary strat-
egy or after a failed antegrade attempt, we usually rely on 6 Fr
guide catheters from the retrograde side, most of the time deliv-
ered transradially. Epicardial collaterals are invariably crossed
with a soft wire, currently with the SION™ (ASAHI Intecc)
guidewire, tracking the channel slowly and precisely based on the
known anatomy, with the microcatheter following closer to the tip
of the wire. DTI are frequently employed.

Septal CC surfing is, however, different. The microcatheter
is advanced on a workhorse wire (WW) into the proximal part
of one of the septal branches from the LAD for a right coronary
artery (RCA) or dominant left circumflex (LCx) CTO, or in the
posterior descending artery (PDA) for a LAD CTO. Following
WW removal, we introduced up to March 2012 a Fielder FC
wire (ASAHI Intecc) and after March 2012 a SION with a sin-
gle 30-45° bend at 1 mm from its distal tip. The wire is quickly
advanced and pulled back when a resistance is felt, and redirected
into a different channel. Once some buckling is felt, drilling of
the wire can lead to passage into the recipient vessel. This tech-
nique offers the advantage of testing several options of cross-
ing from one proximal septal trunk from the LAD, or to engage
small distal septals when surfing from the PDA. When surfing
from the LAD, if the operator fails to connect from a given septal,
the microcatheter is pulled, and a different septal is then engaged
with the WW shaped appropriately for the proximal septal angula-
tion. After the microcatheter advancement, the new septal branch
with its CCs is “surfed” again with the SION wire. A good sep-
tal track to the recipient vessel can be identified when a repeti-
tive course of the wire is noticed while pulling and pushing: if
the wire keeps on making similar turns, it probably tracks a ves-
sel structure that may finally connect, even if originally invisible
on angiography. It is then advanced to the point of resistance and
drilled at this level, seeking a release into the recipient vessel. The
feeling is often of a free wire that tracks the PDA or LAD nicely,
and engages branches before reaching the distal CTO cap. The dif-
ficulty in navigating the wire is usually located close to the PDA;
therefore, when surfing from the LAD to the PDA, challenges will
be encountered most of the time at the end of the course of the
wire within the septum, where septal channels become very small.
The opposite is true when surfing from the PDA: challenges come
early in the course. When the wire crosses a small septal close to
the PDA and feels free in a vessel structure afterwards, it is usu-
ally easy to advance the wire as the septals get larger close to
the LAD. The wire can easily track into one of the two ventri-
cles; this is benign as long as the microcatheter does not follow.
With heart beats, a to-and-fro movement of the wire can be seen

Septal surfing in CTO PCI

in the recipient vessel when successfully placed. DTI was not per-
formed as a primary strategy; however, in case of failed SST, DTI
was performed to help track potentially larger branches or under-
stand the mode of failure, such as hidden tortuosity. A retrograde
angiography is performed before advancing the Corsair (or other
microcatheter such as the Turnpike® or Turnpike® LP; Vascular
Solutions, Minneapolis, MN, USA) through the CC, which can
sometimes need extra support from a mother-and-child cath-
eter (5.5 Fr GuideLiner®; Vascular Solutions). We tend to avoid

Figure 2. Septal surfing through invisible septal CC. A) Very large
but tortuous CC2 septal visualised from the LAD to the PDA (black
arrow). There are other septal branches that give CCO collateral
channels (white arrow). B) Afier five minutes of surfing of one of the
most proximal septals (black arrow) with a SION through

a Finecross® (Terumo Corp., Tokyo, Japan), a connection to the PDA
was achieved. C) The Finecross is exchanged for a Corsair (black
arrow), which is advanced through the septal CC with the support of
a 5.5 Fr GuideLiner catheter (white arrow).
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crossing dominant septal CCs: in case of damage, the CTO ter-
ritory can become ischaemic (Figure 2, Moving image 1-Moving
image 3).

STATISTICAL ANALYSIS

Binary variables were expressed as percentages and continuous vari-
ables as mean values and standard deviation (SD) or standard error
of the mean (SEM) when in figures. We first divided our sample into
two groups: cases where a septal was crossed or attempted vs. those
where an epicardial CC or a vein graft was used as a retrograde
pathway. We compared several clinical and angiographic character-
istics as well as procedure outcomes when using either approach.
Pairwise comparisons were performed using the chi-square test for
discrete data, and t-tests for continuous variables, after confirm-
ing a normal distribution. Pairwise comparisons are presented with
p-values. We assessed the univariate predictors of retrograde wiring
time, and compared times with t-tests or analysis of variance when
there were more than two groups. Finally, we assessed, among the
septal subgroup of cases, the association between the Werner CC
class and successful retrograde CC crossing or successful CTO
recanalisation, using the Mantel-Haenszel trend test, assuming an
increasing probability from CCO to CC2. Using successful retro-
grade CC crossing as the dependent variable, we performed multi-
ple logistic regression analysis to assess the adjusted contribution of
the Werner class and other factors, and linear regression modelling
for retrograde wiring time as a dependent variable, with the same
independent a priori selected factors. A p-value <0.05 was consid-
ered statistically significant. No adjustments were made for multi-
ple comparisons. All analyses were conducted using SAS 9.3 (SAS
Institute, Cary, NC, USA).

Results

COMPARISON OF RETROGRADE CASES THROUGH SEPTAL
CCs VS. OTHER RETROGRADE PATHWAYS (Table 1)

A total of 240 retrograde CTO cases were classified into two sub-
groups: the septal subgroup, where septal CCs were crossed or

attempted (n=152; 63%), and the “all other retrograde” subgroup,
including epicardial CCs and bypass grafts (n=88; 37%). Among
the latter, epicardial CCs were utilised in 59% of cases and bypass
grafts in 41%°.

Patients in the septal subgroup were younger (64 vs. 69 years;
p=0.001), while the prevalence of previous coronary artery bypass
grafting (CABG) was significantly lower than for the other retro-
grade subgroup (19% vs. 80%; p<0.0001). Meanwhile, the sep-
tal subgroup had more previous failed attempts (38% vs. 17%;
p=0.001). Regarding lesion characteristics, those attempted via
septal channels were less angulated (55% vs. 73%; p=0.005), less
often had a blunt proximal cap (68% vs. 83%; p=0.01) or proximal
cap ambiguity (53% vs. 73%; p=0.003), and had a lower propor-
tion of very difficult lesions (J-CTO >3) (56% vs. 68%; p=0.06).
An ostial location of the CTO was more common when other retro-
grade pathways were used (33% vs. 16%; p=0.002). Septals were
more frequently used for RCA CTO, whilst other retrograde path-
ways were more frequently used for LCx CTO (p<0.004). Septal
collaterals were dominant in the majority of septal cases, whilst
epicardials were dominant in other retrograde cases (p<0.0001).
The procedure was less likely to start antegradely in the septal
subgroup (p=0.033). Septal cases had more perforations (23% vs.
12%; p=0.05), but the procedures were shorter in duration (174
vs. 206 min; p=0.0002) and required less contrast (354 vs. 395 ml;
p=0.02). Final technical success was similar in both subgroups.

SEPTAL SUBGROUP ANALYSES

In all but four cases, when a wire crossed the septal to the dis-
tal cap, the microcatheter successfully followed (119/123; 97%).
By univariate analysis, using the Mantel-Haenszel trend test, the
Werner CC class was not associated with increased retrograde
CC crossing success, or with improved final technical success
(Figure 3A). However, increasing septal tortuosity was signi-
ficantly associated with a lower retrograde CC crossing success
and with a lower technical success (Figure 3B). Crossing a sep-
tal from the LAD to the PDA vs. from the PDA to the LAD was

Al p<084  p054 B | p<0.0001  p<0.0001 C| p=01  p<085
% 100 d 93 gf 93 %100 94 % % 100 92 . 89 8
87 86
84
80 74 = 80 8 wl Slgmd2
i p=021 60 5 &2 =020 0 54 =070
38 - .;08
40 2 37 40 ” 33 40 31 7 %
20 14 204 204

Successful Final Septal Successful

retrograde CC technical perforation retrograde CC
crossing success crossing
M cco (n=51) [ cc1 (n=73) McC2 (n=28) M None (n=53)

Final Septal
technical perforation C
success crossing success

Mild (n=78) I Corkscrew (n=21)

Successful Final Septal

retrograde CC technical perforation

Mo (n=13) "1 (n=37) M2 (n=45) B >3 (n=57)

Figure 3. Univariate analysis of factors influencing successful retrograde CC crossing, final technical success, and septal perforations.

Incidence of retrograde septal CC class (4), septal channel tortuosity (B), number of potential interventional CC2 septals (C).
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Table 1. Patient characteristics and procedural data for the retrograde approach: septals vs. all other retrograde pathways.

All retrograde cases Septal channels All other retrograde

|
£
2
g
: 2
SRS (n=240) (n=152) pathways (n=88) 2
Age, years 64+11 69+9 0.001 §
Male 190 (80) 119 (78) 71 (82) 0.54 S
Diabetes mellitus 95 (41) 61 (41) 34 (41) 0.96 %
Hypertension 196 (84) 121 (81) 75 (89) 0.09 é
BMI 306 29+6 0.14 &
Current smoking 41 (20) 33 (25) 8(11) 0.01 3
LVEF, % 55+9 53+13 0.22 -
Creatinine, mmol/L 92+31 95+26 0.41
Indication for CTO PCI CCS I-Il angina 30 (13) 23 (15) 7 (8)
CCS IlI-IV angina 52 (22) 37 (24) 15(17) 0.08
UA/MI 123 (51) 75 (49) 48 (55)
Other 34 (14) 17 (11) 17 (20)
Previous PClI 168 (70) 107 (70) 61 (69) 0.86
Previous CABG 99 (41) 29 (19) 70 (80) <0.0001
Previous M| 125 (55) 73 (50) 52 (64) 0.04
Target CTO vessel LM 7 (3) 1 (1) 6 (7)
LAD 35 (15) 26 (17) 9 (10)
LCx/OM 31 (13) 2(1) 29 (33) 0.004
RCA 161 (68) 121 (81) 40 (46)
Diagonals 3(1) 0(0) 3(3)
Number of diseased vessels 1.6+0.8 2.6+0.8 <0.0001
Previous failure 73 (30) 58 (38) 15(17) 0.001
Lesion length >20 mm 146 (61) 96 (63) 50 (57) 0.33
Lesion length >40 mm 64 (27) 42 (28) 22 (25) 0.66
Bending >45 degrees 147 (61) 83 (55) 64 (73) 0.005
Blunt proximal cap 176 (74) 103 (68) 73 (83) 0.01
Calcifications 123 (52) 77 (51) 46 (52) 0.89
Bridging collaterals 81 (34) 56 (37) 25 (28) 0.18
Branch at proximal entry 145 (61) 95 (63) 50 (57) 0.44
Ostial location 53 (22) 24 (16) 29 (33) 0.002
In-stent CTO 23 (10) 12 (8) 11 (13) 0.24
Proximal cap ambiguity 145 (60) 81 (53) 64 (73) 0.003
Bifurcation at distal cap 116 (48) 73 (48) 43 (49) 0.90
Good distal landing zone 137 (57) 91 (60) 46 (52) 0.25
Interventional collaterals 225 (94) 146 (96) 79 (90) 0.09
J-CTO score, mean 2.66+1.09 2.85+1.01 0.18
J-CTO score 3 145 (60) 85 (56) 60 (68) 0.06
Vascular access Single radial 3(1) 1(1) 2(2)
Single femoral 1 (0.5) 0 (0) 1(1)
Dual radial 147 (61) 102 (67) 45 (51) 0.22
Dual femoral 15 (6) 6 (4) 9 (10)
Radial and femoral 74 (31) 43 (28) 31 (35)
6 Fr catheter retrograde 229 (97) 148 (98) 81 (95) 0.24
Dominant collateral Septal 121 (1) 115 (76) 6 (7)
Epicardial 100 (42) 37 (24) 63 (73) <0.0001
SVG 17 (7) 0(0) 17 (20)
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Table 1. Patient characteristics and procedural data for the retrograde approach: septals vs. all other retrograde pathways. (cont’d)

All retrograde cases

Septal channels

All other retrograde

S (n=240) (n=152) pathways (n=8g) | PYalve
Retrograde pathway used | Septal CC 152 (63) 152 (100) 0(0)
Epicardial CC 52 (22) 0(0) 52 (59) <0.0001
SVG 36 (15) 0(0) 36 (41)
Rentrop score 0 1 (0.5) 0 (0) 1(1)
1 4(2) 1(0.7) 3(3)
2 66 (27) 40 (26) 26 (30) 018
3 169 (70) 111 (73) 58 (66)
ADR 22 (9) 10 (7) 12 (14) 0.07
Dissection re-entry 144 (65) 83 (60) 61 (73) 0.04
Antegrade attempt first 102 (43) 57 (37) 45 (52) 0.033
Werner class of 0 52 (25) 51 (34) 1(2)
oy crossedor 1 97 (47) 73 (48) 24 (44) <0.0001
2 57 (28) 28 (18) 29 (54)
Tortuosity of retrograde None 60 (28) 53 (35) 7 (11)
e Mild-moderate 107 (50) 78 (51) 29 (47) <0.0001
Corkscrew 47 (22) 21 (14) 26 (42)
Retrograde GW to cross Fielder FC/PILOT 50 70 (30) 54 (36) 16 (19)
collaterals SION 142 (60) 88 (58) 54 (63) <0.0001
Other GWs 26 (10) 10 (6) 16 (18)
Retrograde crossing time, min 19+24 14425 0.16
Successful retrograde placement of GW at distal cap 194 (81) 123 (81) 71 (82) 0.89
Perforation of retrograde channel 45 (19) 34 (23) 11 (12) 0.05
Radiation dose area product, pGy/m? 27,908+15,199 29,243+15,338 0.51
Fluoroscopic time, min 79+35 86+34 0.12
Contrast, ml 354+122 395+151 0.02
Procedure duration, min 174+60 206+68 0.0002
Final technical success 212 (88) 134 (88) 78 (89) 0.91

Data are presented as n (%) or mean+standard deviation. Percentages are calculated based on available data. ADR: antegrade dissection and
re-entry; BMI: body mass index; CABG: coronary artery bypass grafting; CC: collateral channel; CCS: Canadian Cardiovascular Society;

CTO: chronic total occlusion; GW: guidewire; J-CTO: Japanese Chronic Total Occlusion (score); LAD: left anterior descending; LCx: left
circumflex; LM: left main; LVEF: left ventricular ejection fraction; MI: myocardial infarction; OM: obtuse marginal; PCl: percutaneous coronary
intervention; RCA: right coronary artery; SVG: saphenous venous graft; UA: unstable angina

associated with a trend towards improved success (83% vs. 71%,
p=0.11). The Werner class or tortuosity of the attempted septal CC
did not affect the risk of septal perforation (Figure 3A, Figure 3B).
The number of CC2 septals did not predict successful retrograde
wire placement, nor did it affect the final technical success or sep-
tal perforation rate (Figure 3C). When DTI was employed in addi-
tion to SST, the likelihood of septal crossing was lower (64% vs.
88% without; p=0.001), and the risk of perforation higher (54%
vs. 20%; p=0.02). Successful CC crossing was associated with
higher final technical success as compared to failed CC crossing
(97% vs. 52%; p<0.0001).

When using collateral crossing time (in minutes, up to success
or failure), we found that septals with an invisible connection
(CCO) and large septals (CC2) were crossed faster than thread-like

p=0.0023
60+
£ 42 p=0.0019
5}
g, p=00001
2 2
12}
g . 19
S ] 13 13 - EE
g | = -
Q
1%}
- 0 1 2 none  mild corkscrew done not done
Werner Tortuosity Distal tip
CC class injections

Figure 4. Angiographic and procedural factors affecting septal

crossing time when primarily using a surfing technique first.

CC: collateral channel




ones (CC1) (Figure 4). Septal tortuosity significantly affected sep-
tal crossing time (11 min if straight vs. 42 min when there was
corkscrew-like tortuosity; p=0.0023). When DTI was performed in
addition to SST, the septal crossing time was extended from 14 to
34 min (p=0.0019). Use of the SION wire (used in all patients
after March 2012) was associated with a trend towards improved
crossing success compared with polymer-jacket wires (85% with
SION vs. 75% with HI-TORQUE PILOT® 50 [Abbott Vascular,
Santa Clara, CA, USA] or Fielder FC; p=0.11). Moreover, use of
the SION (also in a later period) was associated not only with
a strong trend towards lower perforation (18% with SION vs.
31% with PILOT 50 or Fielder FC; p=0.07), but also with a signi-
ficantly lower time to cross the septal (13+21 min vs. 28427 min;
p<0.001).

MULTIVARIATE ANALYSES

Given the non-linear effect of the Werner CC class on successful
retrograde crossing, we dichotomised CCs into invisible connec-
tions (CCO) vs. visible ones (CC1 or CC2), for subsequent model-
ling. When adjusting for a priori selected factors believed to affect
successful CC crossing, an invisible connection (CC0O) was not
significantly associated with reduced success to traverse the col-
lateral channel successfully (OR 0.71, 95% CI: 0.25-2.1, p=0.54)
(Table 2). However, tortuosity significantly reduced the chance to
connect to the distal cap (OR 0.25, 95% CI: 0.12-0.52, p<0.001).
When modelling time to wire the septal CC, again only septal tor-

tuosity was significantly associated with increased time (Table 3).

SAFETY ENDPOINTS
Donor artery dissection or thrombosis occurred in 4.5% of all
retrograde cases, and did not differ if the collateral crossed was

Table 2. Multivariable analysis of factors associated with
successful retrograde CC crossing.

‘ OR ‘ 95% CI ‘ p-value
Werner CCO channel 0.71 0.25-2.1 0.54
Tortuosity 0.25 0.12-0.52 | <0.001
RCA CTO 1.53 0.48-4.9 0.47
Number of CC2 channels 1.25 0.74-2.1 0.40
CC: collateral channel

Table 3. Multivariable analysis of factors associated with time (in
minutes) to wire the septal CC (up to success or failure).

B-coefficient St::':)?rd p-value
Werner CCO channel 2.4 4.5 0.59
Tortuosity 13 3.2 <0.001
RCA CTO -0.56 5.4 0.92
Number of CC2 channels 1.2 2.3 0.60
CC: collateral channel

Septal surfing in CTO PCI

a septal or another route. All cases were successfully treated with
thromboaspiration, with or without stenting.

There was a total of 34 septal channel perforations (22%) in
152 retrograde septal CTO cases. All of these perforations were
benign. Among these complications, septal staining <2 mm was
noted in 25 cases. Six of them had sealed spontaneously by the
end of the procedure. Contrast stains >2x2 mm (also called “septal
contrast lakes”) were noted in five cases and remained unchanged
throughout the case. There were four perforations into cardiac
chambers during SST. One of them was not visualised anymore
on final angiography. As a result of SST or microcatheter place-
ment to the distal cap of a CTO, there were no cases of pericardial
effusion, tamponade or septal haematoma requiring specific treat-

ment. No patient presented life-threatening ventricular arrhythmia.

Discussion

The main finding of the present study is that the SST is safe and
feasible when attempting retrograde CTO PCI and is associated
with high collateral crossing success regardless of the angio-
graphic appearance of collateral connections as per the Werner
classification'?. In our study, even Werner CCO (invisible septals)
were often attempted, and were crossed with as much success as
larger CCs, and even faster. The Corsair was able to track and
dilate channels in the vast majority of cases where the guidewire
had crossed the septal channel. Although septal perforations were
invariably benign, retrograde cases were associated with some
donor artery trauma (often not specifically reported in retrograde
series) which, fortunately, were all successfully treated with no
further complication. Finally, our data suggest that the use of the
SION guidewire is associated with better outcomes (less perfo-
ration, shorter crossing time) compared to polymer-jacket wires
when performing the SST.

Only a few studies have evaluated predictors of retrograde
CTO PCI success. In a smaller, single-centre Japanese study of
157 patients, including 106 septal CCs, Rathore et al® identified the
absence of any visible connection (CC0) as a predictor of failure.
However, we could not replicate those findings, probably because
of the fundamental difference between CC crossing techniques.
Also, the advent of the microchannel dilator may have contrib-
uted to our higher retrograde success rate. Indeed, in a large recent
CTO registry from Japan, Corsair microcatheter use was the only
factor associated with successful retrograde CTO recanalisation®.
Further improvement in microcatheter technology, with the advent
of smaller profile microcatheters, is likely to translate into sus-
tained or improved performance.

The fact that invisible septals were crossed with as much suc-
cess as larger CCs, and even faster, merits some discussion. Our
hypothesis is that CCO, even though invisible, are often straighter
and have a more direct course. The crossing time of CCO was
equal to CC2, where visible and straighter connections guaran-
teed smooth crossing at the price of possible ischaemia related
to the obstruction/perforation of a large collateral. CC1, on the
other hand, we crossed with less success and more time. We think
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this might be attributable to the fact that the transition from larger
parts of the connection to smaller parts may hide tortuous seg-
ments that are difficult to cross.

This series of consecutive patients had the highest proportion of
retrograde approach (51% of total CTO cases) published to date.
As a comparison, Werner et al'® used the retrograde approach in
27% of patients and Christopoulos et al'* in 44%. Cases treated
from the retrograde approach appear to have had many factors jus-
tifying the way we selected to proceed. Given that more than 80%
of cases were referred to the programme, either primarily or after
a failure (in 30%), some referral bias towards more difficult cases
may explain this particularity. We can also speculate that the SST
and its success may have lowered our threshold to use the retro-
grade approach, even in cases without obvious interventional CCs.

Even though perforation of an epicardial CC can be success-
fully managed percutaneously or conservatively in most cases',
such a complication can potentially lead to emergency surgery or
even death. While 1/4 of cases in our SST cohort had septal perfo-
rations, they were minor and asymptomatic. This finding confirms
that septal CCs are safer to use than epicardial CCs, and should be
used preferentially, even when barely visible. Indeed, we elected
to cross septal CCs as a safer alternative even if 24% of our cases
had dominant epicardial collaterals. Although additional DTI can
be useful to guide navigation of tortuous septal CCs, as used in
27% of our cohort, we believe that the systematic use of upfront
DTI confers no significant advantage over a simpler and safer SST
first, and could be associated with a higher risk of hydraulic septal
perforation. However, DTI were performed in cases with a diffi-
cult retrograde connection; therefore, DTI following SST is prob-
ably a marker of a more difficult CC crossing attempt, and our
analysis is certainly not a direct comparison of the two techniques.

Limitations

Our study has limitations. First, it is a single-programme series,
which may have been influenced by local operators’ skills and
experience. Nevertheless, the SST has been adopted by many
operators in the western world, and yet no data were available on
the effectiveness of the method. Second, although this series con-
stitutes the largest study to date on the subject of retrograde cross-
ing per se, it is still limited by the sample size, with only a few
factors allowed into the models. Third, no angiographic core lab
was used. However, most observational CTO PCI studies do not
report core lab assessments. Finally, our analyses suggest that the
SION wire may be a better wire for the SST compared to first-
generation polymer-jacket wires, such as the PILOT 50 or the
Fielder FC. However, such a comparison may be biased, as the
SION was used at a later stage in the experience.

Conclusions

In conclusion, the SST for retrograde CTO PCI appears to be sim-
ple and relatively safe when a retrograde route is considered to be
the best approach. It is associated with a high success rate, regard-
less of the Werner CC class. Small septal channels (CC1) or even

invisible septals (CCO) can often be crossed with the wire. Once
the guidewire is at the distal CTO cap, the microcatheter is able
to follow in the vast majority of cases. Surfing CC0/CCI septals
rather than CC2 in order to avoid ischaemia during crossing of
collaterals or in case of perforation may be safer. Therefore, small
or even invisible channels should not discourage an operator from
attempting CTO PCI from a retrograde approach when the algo-
rithm suggests it is the preferred direction for a given anatomy.
However, operators should keep in mind that retrograde tech-
niques, even when performed with smaller 6 Fr catheters and by
experienced operators, remain associated with inherent complica-

tions such as donor artery dissection or thrombosis.

Impact on daily practice

This is the first study to demonstrate the safety and feasibility
of septal surfing for crossing septal collateral channels in com-
parison with other retrograde options. Furthermore, we show
that the technique is highly effective to cross invisible channels
and should encourage CTO operators to attempt crossing septal
channels when a retrograde approach is needed. The availability
of new soft wires (e.g., SION black and SUOH [both ASAHI
Intecc]) and lower profile microcatheters (e.g., Caravel from
ASAHI Intecc, or TurnPike LP from Vascular Solutions) should
further improve our findings.
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