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A 61-year-old male had end stage renal disease, hyperlipidemia, and congestive heart failure. He also had
coronary artery disease (one vessel disease/left circumflex coronary artery) and received percutaneous
coronary intervention in 2011. This time, he was admitted due to unstable angina pectoris. Follow-up coronary
angiography revealed filling defect (red circle) in the middle left anterior descending coronary artery.
Intravascular optical coherence tomography was done and showed a protruding mass (red arrow) and
aggregating substance (yellow arrow) at the representative section (not the section with minimal lumen area).
What is the protruding mass (red arrow) and aggregating substance (yellow arrow)?
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1. Catheter related coronary artery dissection

RCA

2. Diffuse long thrombus formation in coronary artery
3. Iatrogenic along with spontaneous coronary artery dissection
4. Multi-vessel spontaneous coronary artery dissection
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Rotational atherectomy in CTO lesions: too risky?
Outcome of rotational atherectomy in CTO lesions
compared to non-CTO lesions

Christina Brinkmann, MD; Amnon Eitan, MD; Carsten Schwencke, MD;Detlef G. Mathey, MD; Joachim
Schofer*, MD, PhD

Abstract

Aims: The aim of this study was to determine the feasibility of rotational atherectomy (RA) in chronic
total occlusion (CTO) PCI and compare the success and complication rates of RA in CTO lesions versus
non-occluded lesions. Data on RA in CTO are rare and it is unknown how procedural success and risk of
RA in CTO lesions compare to RA in non-CTO lesions.

Methods and results: RA was performed in 392 out of 17,919 PCI procedures (2.2% of the PCI cohort)
and classified as RA CTO (n=75) and RA non-CTO (n=317). Procedural success and MACCE in both
groups were assessed by two investigators. All RA procedures were analysed for dissections prior to RA,
which were defined according to the NHLBI classification. Baseline characteristics were not significantly
different in the two groups but, in RA CTO, lesion type was more complex (p<0.001), stented segments
were longer (35.0£22.7 vs. 46.0+24.8 mm, p<0.001) and mean burr size was smaller (1.61+0.17 vs.
1.49+0.18 mm, p<0.001). Procedural success and complications were not different (RA non-CTO 96.2%
and RA CTO 94.7%, RA non-CTO 2.5% and RA CTO 4.0%, respectively). RA performed in dissection
planes had a 100% procedure success rate in CTO and a 92% success rate in non-CTO.

Conclusions: RA in CTO is as safe and as effective as RA in non-CTO. The presence of dissections

prior to RA in CTO lesions as well as in non-CTO lesions does not seem to have a negative impact on
outcome. (Eurolntervention 2018;14:e1192-e1198 published online)
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Table 1. Baseline characteristics.

Baseline characteristics EAGICEI) - G p-value
n=317 n=75

Age (years), mean+SD 71.0+8.1 69.5+8.5 | 0.141

Male gender, n (%) 262 (82.6) | 65(86.7) | 0.400

Hypertension, n (%) 258 (81.4) | 59 (78.7) | 0.590

Dyslipidaemia, n (%) 211 (66.6) | 51 (68) 0.812

Diabetes mellitus, n (%) 119 (37.5) | 24 (32.0) | 0.370

Peripheral artery disease, n (%) | 76 (24.0) | 13(17.3) | 0.217

Previous stroke/transient
ischaemic attack, n (%)

17 (5.4) 3(4.0) 0.777

Number of diseased | 1 50 (15.8) | 17 (22.7)

vessels, n (%) 2 111 (35.0) | 14 (18.7) | 0.020
3 156 (49.2) | 44 (58.7)

Previous myocardial infarction,

n (%) 82(25.9) | 18(24.0) | 0.739

Previous percutaneous coronary
intervention, n (%) 22ty | ez iess) | Bhel

Previous coronary artery bypass
surgery, n (%) 84 (26.5) | 24 (32.0) | 0.338

Left ventricular ejection fraction
(%), mean+SD

Glomerular filtration rate,
mean+SD

Permanent pacemaker, n (%) 14 (4.4) 5(6.7) 0.380

BVERS) 55+9 0.155

72.4+£21.6 | 76.6+23.8 | 0.140

RA #{T1E non-CTO & 41 EH 60.2% 2RI\ ZE - H 39.8% 52 RIK IR A B ; RA {E CTO HI
H733% B2RKBERZE - 26.7% B RIKERAN (WEL ) - HEF EAEARER - RA CTO 5 A
BH B I R A (p<0.001) 5 WAL R EMZ BB E (75 51/E 28.1222.4 # | 41.6+24.3 mm DK
35.0+22.7 ¥f | 46.0+24.8 mm, p<0.001) ; FEFEF /N (1.61£0.17 ¥f | 1.49+0.18 mm, p<0.001) ; HAEEIL
B A EIRENIK (36.9% ¥ | 69.3%, p<0.001) ; V-1 J-CTO 43 %k 2.7+1.3 (0-1 5376 19.7%, 53\7%
29.6%, =3 73H 50.7%) ; HIEIME N/ ZZE AR AIRGEHEL (59515 3.020.4 ¥f F 3.1+0.4 mm £
2.93+1.65 ¥} I+ 2.90+0.64 mm) ; EFHF 4 AT RS E non-CTO H 15.1% ¥ | CTO H 12.0% ; Mk AME
AT E AT 53 B non-CTO F 4.4% ¥t I CTO H 6.7% i A °

Be N TFER SR 5> - TE&H{E RotaWire 7 DAGE @i LB (E 2 H o SFirpk DS H H 376 £ 392 fiZ (95.9%) °
H 4 305 7F 317 i RA non-CTO (96.2%) * H 71 £ 75 {ii RA CTO 1 (94.7%) * 534N i i o i
H 379 1£ 392 i7 (96.7%) » H-H1308 7F 317 {i RA non-CTO (97.2%) * § 71 £ 75 fii RA CTO 1 (94.7%) -
(=)

Ff B A 16 Ai{HZE (4.1%) » 12 A7 {F RA non-CTO (3.8%) fll 4 ii{F RA CTO (5.3%) * F-{lisk
HAE non-CTO 14 8 (A HFHIE © HIME 4 (BRI EREARZE - (EE=)

£ RA CTO g Bt il 3 G2 OF 3 AE DLR 1 (218 & iR A R Tl - RAEEHERI A I -

L BEOFEER 11 (1R 392 (L E F (2.8%) * 3 (i AJELC (0.8%) » Hrh 1 (3B L AEMERTT
LAD RA %74 B E FEIIRIES A (RA fHRY ) BELSHHITEEI R B (contralateral hypokinesis) 5 B2 7]
H%?mzxﬁmé{m SR AL AER T © CX RA £ LAD B BE RS2 FRE & A s EE R I8 (JE
RA fHE ) « B—(0E AL RA R (ETETIE RA WIS s g/ e SN Rk sk » i 2 2 O B R 38
(JERA *E%% )°
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Table 2. Procedural characteristics.

Procedural characteristics RAnn=021- [7:T0 R:=B7T50 p-value*
Target vessel
Left main coronary artery, n (%) 17 (5.4) 0(0)
Left anterior descending artery, n (%) | 114 (36.0) 9(12) <0001
Left circumflex artery, n (%) 68 (21.5) 14 (18.7)
Right coronary artery, n (%) 117 (36.9) 52 (69.3)
Lesion type, |A 0 0
Do) Bl 17 (5.4) 0
B2 182 (57.6) 0 <0.001
Cl 27 (8.5) 3(4)
C2 90 (28.5) 72 (96)
Vessel diameter (mm), mean+SD 3.0+0.4 3.1+0.4
Lesion length (mm), mean+SD 28.1£22.4 | 41.6+24.3 | <0.001
J-CTO score, mean+SD 2.7+1.3
J-CTO score | 0-1 19.7%
2 29.6%
>3 50.7%
In-stent restenosis, n (%) 8(2.5) 4(53) 0.255
Antegrade approach, n (%) 65 (87)
Retrograde approach, n (%) 10 (13)
Retrograde dissection/re-entry, n (%) 7(9.3)
Balloon uncrossable, n (%) 186 (60.2)* | 55(73.3)
Balloon undilatable, n (%) 123 (39.8)* | 20 (26.7) 0.035
CTO antegrade balloon uncrossable, n (%) 50 (76.9)
CT0 antegrade balloon undilatable, n (%) 15(23.1)
CTO retrograde balloon uncrossable, n (%) 5(50)
CTO retrograde balloon undilatable, n (%) 5 (50)
Burr size (mm), mean+SD 1.61+0.17 | 1.49+0.18 | <0.001
Drug-eluting stent, n (%) 265 (83.9) 69 (92.0) 0.062
Stents per case, mean+SD 1.62+1.0 1.83+0.95 0.112
Stent length (mm), mean+SD 35.0+22.7 | 46.0+24.8 | <0.001
Minimal stent diameter (mm), mean+SD 2.93+1.65 | 2.90+0.64 0.892
Temporary pacemaker, n (%) 48 (15.1) 9(12.0) 0.488
* p<0.05 was considered significant. * information not available in 8 patients.




Table 3. In-hospital outcome.

Overall RA non-CTO RA CTO
p-value

In-hospital outcome n=392 n=317 n=75

Technical success, n (%) 379 (96.7) 308 (97.2) 71 (94.7) 0.284
Procedure success, n (%) 376 (95.9) 305 (96.2) 71(94.7) 0.521
Procedure-associated complications, n (%) 11 (2.8) 8 (2.5) 3(4.0) 0.447
In-hospital Death 3(0.8) 3(0.9)*1* 0
MAGCE, in(%) Emergency surgery 3(0.8) 2 (0.6)%" 1(1.3%)*

Vessel perforation 2 (0.5) 1(0.3)** 1 (1.3%)'

Cardiac tamponade requiring intervention 1 (0.25) 1(0.3)7 0

In-hospital myocardial infarction with acute TVR 1 (0.25) 1(0.3)~ 0

In-hospital stroke 0 0 0

Cardiac decompensation 1(0.25) 0 1(1.3)%
Final TIMI flow, 0-1 1(0.3) 3(4)
n (%) 2 3(0.9) 1(13)

8 313(98.7) 71(94.7)

* Patient 1: died in cardiogenic shock after RA in LAD in presence of severe aortic stenosis and hypokinesia of contralateral wall. T Patient 2: died in
cardiogenic shock after RA in Cx due to guiding catheter-induced dissection of LAD ostium. * Patient 3: died of cardiac tamponade due to extraluminal
balloon inflation after successful RA. ¢ Patient 4: needed emergency surgery because of RV perforation by temporary pacing lead after successful RA.
!Patient 5: needed CABG due to unsatisfactory RA result with additional vessel perforation (which was sealed by ballooning). # Patient 6: needed
emergency CABG because of burr lodging during RA. ** Patient 7: perforation after stent implantation, sealed by ballooning. ' Patient 8: perforation
after ballooning. ¥ Patient 9: tamponade after procedure without visible perforation in angio, pigtail catheter. = Patient 10: acute stent thrombosis within
24 hrs, reintervention. * Patient 11: cardiac decompensation during RA, termination, diuretics/catecholamine.

£ RA non-CTO B2 RA CTO HYFFZE Lhig | ( i‘%fféz ) * RA non-CTO H 8 fif (2.5%) * RA CTO &
317 (4.0%) : FRE LT E# 2 4E RA non-CTO (0.9%) » HAth RA non-CTO Y & iE U & A B &5 J) F il
(0.6%) ~ MWL (0.3%) ~ LVEIKIEZE (0.3%) Lx);"aﬁmm/uﬁm@%u@%ﬁfr MAEFETA (0.3%) °

RA CTO WPt E R 2 HHEE RE (1.3%) » MEWH (1.3%) FOEEETE (1.3%) 5 A S EH]
WEBEEL—FMA -

7F RA BiIA 1% #8217 309 £i7 non-CTO FA4 25 {7 (8%) ( EH&PY ) » Hr 19 {7 E7F B Rk %
IRZZRIM 6 (2B HRS L - & 8 HFinRE M EEMERY > BRMEIE4EHAR - 4EBAE - 14
fifl C A9~ 2 {[F D BUFD 1 {f F AU KBk - 7€ non-CTO A #IEEATSE 25 M ZE T RA B 23 f7kIH (92%)
FHAMIE FIBETE 74 2 RA CTO A 15 i (£ ) - EH 10 (L2 1E AT E RIRKE R Z &1 5 (02 5%
FEHRBASEE » MBS 7 B A~ 6 {fl C BUAD 1 {# F AV M A KB - BLRE2KER RA 2|1 I I B0 LL B 4
CTO GRF# % (p=0.002) ; FHIANEFR— » £ CTO A HIBERE 15 (LEAZXEIT RAH 15 2T (100%) ;
BAHPFRIE -

Figure 1. RA CTO in dissection plane. A) RCA CTO at baseline. B) RCA CTO after successful antegrade wire crossing with type C dissection
(red arrows) before RA. C) Final result after RA and stent implantation. RCA: right coronary artery
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BAZBIN > REF BB S B R A 52 AR FMIAE TR /2 ' ST 6 A RA T FEfEH MR cutting balloon
5k Tornus FYER » HAEERAVIEE LA RER R AL AU R =R L 3 n] 5% -

RA HI7E CTO B EHE & < AN EE LS 3EMRR » WIS EE @ MEXEE (AKEEERS]
) EREINEE R « ARl NS B BB 73 ST R SR B E 5L R S RS

BI{EAEE L2 CTO PCI &k (Al » BAM 38 BRAE 9% Ao Il 02 A5 T fil £H B P i 38 BH 3 2 R fF 38
JEF# (RA non-CTO 2.5% ¥ - RA CTO 4.0%, p=0.447) °

Hrr 75 il RA CTO H 3 A GFE - — (2B - REEH - BE (LA R - SO E
R R B AFDEE RN CTO EHERWEEH AR © 55— 00 A2 RA HEEFE AL EEO
M= K /e DEINREARN 2 5 BB =AW AR RN A B BUME W A Mt ARk ER 2 EE  Hih 8
fIPFFIEE A 3 I8 » #FEETE non-CTO H—AHHE -

FEHAMPMFZRE S - RA R FIBER R & E 29%  [ME R EE 13% 0 58 S5 B Aot
HY72= B ] BEER R A 2 75 26 — %68 A Rotablator T E ; i H Bl Y] 15 iR B 1Y R E 2 15 A 175 K B 8y SF
A RA & A& 8 hnjE b

DRIEL i 1T 28 177 3 B Y I A R L CTO PCI HLHZE 4= 3 fE non-CTO PCIEZ - AL - H—2A4H
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L NREZHIFE - WM S 52 S5 55 F3 A 12 2 o 15 1 ofi A fl S S B B0 I A SR e SRS B N B B 0 T N AR R
RA FTEERRRIEID -



BREATIA (1

R THRILET RA & EMLINE KIBERER - AHFEHE B W AL HF & B /E RA BTRIIE F8E - 7R
CTO ¥ /1 B8 %3 non-CTO JE L (20% vs. 8%, p=0.002) * [MiATH RA CTO FHlf & k% &1 R HE 1
4 1 1E RA non-CTO H A — (0 A A MAE B2 R K Rk R T =0 & - Ar s At OF 240 2
FETEIR A MU FIBERY F1lr - FrDARE /R 3 RA T MUE R BERY SE RS & LR M8 #IBEE Sk iy fE b - FAMEE
FyiE SR F ) —BUMERIY CTO PCT UHE RA fEM/EHFIBEYIEIZ T - FIBUNE Z LG A ik -
A2 ETT RA Fia 7 D 76 R B 2 RS AR B I T 22 [ Fqf 02 2 o F1 A 3 S0 I T ol e 1 o
T A TE RA EARTER IR EEA -

fFR

B —E B —rful  BWIEREE R A —E R O FE R 0 o A5 b th HUE 8 e 5 R
APl (RAMERRE ) > i RA BY3E FEE 65 E TR L 5516 AR 17 2 A7 e S8 15 5 i Bl JEE R R -
BEAh - A R ERACE E /I CTO Al non-CTO RA fil A SEIMNE FIBEHITER -

i

£ CTO H{E RA 2% & HE MW » A1FEIFEMEZEEME —5 - IR E RMEEMERFEL - 7€ CTO
1 non-CTO 1 - RA FlaHil/E &34 M8 KIEk th P25~ RAYSE Rk 2= -



BREATIA (1)

Radial versus femoral artery access in patients
undergoing PCI for left main coronary artery
disease: analysis from the EXCEL trial

Shmuel Chenl, MD, PhD; Bjorn Redfors1, MD, PhD; Yangbo Liul, MS; Ori Ben-Yehudal,2, MD; Marie-
Claude Morice3, MD; Martin B. Leon1,2, MD; David E. Kandzari4, MD; Roxana Mehranl,5, MD; Nicholas
J. Lembol,2, MD; Adrian P. Banning6, MD; Béla Merkely7, MD, PhD, DSc; Arie Pieter Kappetein8, MD,
PhD; Joseph F. Sabik 3rd9, MD; Patrick W. Serruys10, MD, PhD; Gregg W. Stonel ,2*, MD

1. Clinical Trials Center, Cardiovascular Research Foundation, New York, NY, USA; 2. New York-
Presbyterian Hospital/Columbia University Medical Center, New York, NY, USA; 3. Ramsay
Générale de Santé, Institut Cardiovasculaire Paris Sud, Paris, France; 4. Piedmont Heart
Institute, Atlanta, GA, USA; 5. The Zena and Michael A. Wiener Cardiovascular Institute, Icahn
School of Medicine at Mount Sinai, New York, NY, USA; 6. John Radcliffe Hospital, Oxford,
United Kingdom; 7. Heart and Vascular Center, Semmelweis University, Budapest, Hungary; 8.
Thoraxcenter, Erasmus MC, Rotterdam, the Netherlands; 9. Department of Surgery, UH Cleveland
Medical Center, Cleveland, OH, USA; 10. Imperial College of Science, Technology and Medicine,
London, United Kingdom S. Chen and B. Redfors contributed equally to the drafting of this
manuscript.

GUEST EDITOR: Alec Vahanian, MD, PhD; Department of Cardiology, Hopital Bichat-Claude
Bernard, and University Paris VI1I, Paris, France

Abstract

Aims: We sought to compare clinical outcomes and procedural characteristics with transradial access
(TRA) versus transfemoral access (TFA) in patients who were treated with PCI for left main (LM)
coronary artery disease.

Methods and results: The EXCEL trial was a prospective, international, open-label, multicentre
trial that randomised 1,905 patients with LM disease and SYNTAX scores < 32 to PCI with everolimus-
eluting stents versus coronary artery bypass grafting. The present analysis cohort consisted of 931
patients undergoing PCI with TRA or TFA, but not both. The primary endpoint was a composite of death,
myocardial infarction (MI), or stroke at three years. Multivariable Cox proportional hazards regression
was used to adjust for differences in baseline covariates. PCI in EXCEL was performed exclusively with
TRA in 248 (26.6%) patients and with TFA in 683 (73.4%) patients. TRA patients were younger and less
likely to have hypertension and chronic kidney disease. The mean number of vessels and lesions treated
was higher in TFA patients, although the SYNTAX score was similar in both groups. Patients undergoing
TRA and TFA had similar 30-day rates of TIMI major or minor bleeding (2.4% versus 3.8%, respectively,
p=0.30). At three years, TRA and TFA patients had similar rates of the primary endpoint (15.7% versus
14.8%, adjusted HR 1.11, 95% CI: 0.73-1.69, p=0.64), as well as the individual rates of death, MI, stroke,
ischaemia-driven revascularisation and stent thrombosis.

Conclusions: In the EXCEL trial, PCI of LM disease with TRA was associated with comparable early
and late clinical outcomes to TFA. (Eurolntervention 2018;14:1104-1111 published online)
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Table 1. Baseline and procedural characteristics.

Radial access

Femoral access

Table 2. Procedural factors, adjusted models.
Estimate (95%

[EEZESES

intervention

Data expressed as % (numerator/denominator) or meanzstandard
deviation. All data are per patient unless otherwise noted. LM: left main
coronary artery; MI: myocardial infarction; PCI: percutaneous coronary

(n=248) (n=683) pvalue confidence interval) | value
Age, years 64.1+9.1 66.6+9.7 0.0005 Total contrast injected, mL
Male sex 76.2 (189/248)|76.0 (519/683)| 0.94 TRA vs. TFA (n=812) -45.7 (-66.5, -24.9) | <0.0001
BMI, kg/m? 28.0+4.4 28.7+5.2 0.36 US sites (n=244) -108.8 (-176.7, -40.8) | 0.002
Hypertension 69.2 (171/247)|76.4 (519/679)| 0.03 Non-US sites (n=568) -35.8 (-63.3, -18.6) 0.0004
Hyperlipidaemia 75.5 (185/245)|69.6 (468/672)| 0.08 Interaction 0.20
Diabetes 26.2 (65/248) |31.5 (215/683)| 0.12
Insulin-treated 6.0 (15/248) | 8.2 (56/683) | 0.27 TRA vs. TFA (n=808) 5.7 (-12.5, 1.1) 0.10
Current smoker 28.2 (70/248) |22.0 (149/678)| 0.05 US sites (n=243) ~35.6 (-58.5, -12.8) 0.002
gr:gror’:/il:fl]s(\)mthin 13.8 (34/247) 14.6 (98/671) 0.75 Non-US sites (n=565) -3.5 (—10.7, 3.7) 0.34
Interaction 0.01
Prior PCI 14.9 (37/248) 119.5 (133/681)| 0.11 .
pulmonary disease 6.0 (15/248) | 7.2(49/682) | 0.54 TRA vs. TFA (n=598) -0.03 (-0.14, 0.09) 0.58
oo e 6.0(15/248) | 7.3 (50/681) | 0.49 ES sites (,"=178_) mie LR T
on-US sites (n=420) -0.01 (-0.14, 0.13) 0.84
Ferpiel vz 13.0(32/247) | 9.3 (63/681) | 0.10 Interaction 0.39
Creatining clearance TFA: transfemoral access; TRA: transradial access
(mi/min) 94.8+32.0 88.3+32.6 0.003
Chronic kidney disease | 10.3 (25/242) |19.8 (134/676)| 0.0008
Haemodialysis 0.0 (0/248) 0.3 (2/683) 1.00
lég;t\llggt#ggtlgn 57.8:8.8 56.7+9.9 | 0.28
Presenting clinical syndrome
§Z°§y’5 MEwithin | 15 0 (37/246) |15.1 (103/681)| 0.97
Unstable angina 19.1 (47/246) |26.0 (177/681)| 0.03
Stable angina 60.2 (148/246)|50.5 (344/681)| 0.009
Site location: USA 8.1 (20/248) |36.9 (252/683)|<0.0001
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7 B 7 52 RSB B AR A AE 30 R A HH MK 8L X (TIMI K2 BARC scale) * 2R » B PR @&
A HIM (TIMI major or minor 8, BARC3-5) {Efy #H .2 il EBHE 1Y 2= 5 - ££ 30 RN > B ANEZ AL
AR AR (384 T i (7 bivalirudin 3 > AR A HIIGE BARC 2-5 73 WY EL B R BEENAR vs. BEBIAK 1.7%
versus 6.2%, HR [95% CI1]=0.27 [0.04, 2.04]) ; %5 S Heparin » ARG A HIIZE BARC 2-5 53# L
%R 3.7% versus 5.5%, HR [95%C1]=0.67 [0.29, 1.57]) (p interaction=0.42) °

FEHR=F  WABREETEEREGHREESES (BEHC  PEEGOIIEZE ) (EREREB IR RS
IRAL AT 7350 Fs 15.7% Ko 14.8% » S{E BHIATRIEEME © 852 DBRF R 10 DU SZ 2RI A i A O B R
AL N2 5 (400 Table 3 K figure 1 F7i ) o BfESREREE H I W A T IE SR A R 22 Y22 2 - (HERBIARAE
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Tahle 3. Thirty-day and three-year clinical outcomes.

Radial access

(n=248)

30-day event rates

Femoral access

(n=683)

(n=248)

3-year event rates

Radial access | Femoral access

(n=683)

Primary endpoint (death, MI, or stroke) 6.0% (15) 4.5% (31) 0.35 15.7% (39) 14.8% (100) 0.72
Death 0.4% (1) 1.2% (8) 0.29 6.9% (17) 8.1% (54) 0.54
Myocardial infarction 5.2% (13) 3.5% (24) 0.24 9.4% (23) 7.7% (51) 0.39
Stroke 0.4% (1) 0.7% (5) 0.58 2.1% (5) 2.4% (16) 0.73

Revascularisation (all) 0.8% (2) 0.7% (5) 0.91 11.1% (27) 13.3% (87) 0.38
Ischaemia-driven 0.8% (2) 0.6% (4) 0.71 10.6% (26) 13.1% (86) 0.32
Non-ischaemia-driven 0.0% (0) 0.1% (1) 0.55 0.4% (1) 1.2% (8) 0.28

Stent thrombosis (definite or probable) 0.8% (2) 0.6% (4) 0.71 0.8% (2) 1.7% (11) 0.34
Definite 0.4% (1) 0.3% (2) 0.80 0.4% (1) 0.9% (6) 0.44
Probable 0.4% (1) 0.3% (2) 0.80 0.4% (1) 0.8% (5) 0.57

Bleeding | TIMI major, minor, or minimal 4.8% (12) 8.8% (60) 0.05 8.6% (21) 13.2% (89) 0.051

TIMI major or minor 2.4% (6) 3.8% (26) 0.30 4.1% (10) 5.8% (39) 0.30

BARC 1-5 (any bleeding) 4.4% (11) 7.9% (54) 0.07 7.3% (18) 13.0% (87) 0.02

BARC 2-5 3.2% (8) 5.7% (39) 0.13 5.3% (13) 10.3% (69) 0.02

BARC 3-5 (major bleeding) 0.8% (2) 2.8% (19) 0.07 1.6% (4) 4.3% (29) 0.053
Rates are Kaplan-Meier estimates, % (n events). BARC: Bleeding Academic Research Consortium; TIMI: Thrombolysis In Myocardial Infarction
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Figure 1. Kaplan-Meier time-to-first-event rates according to transradial or transfemoral access. A) Primary endpoint (death, myocard
infarction or stroke). B) All-cause death. C) Myocardial infarction. D) Stroke. E) Ischaemia-driven revascularisation. F) Definite or pro

stent thrombosis.
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Supplementary Table 1. Angiographic and procedural characteristics.

Radial access Femoral access  p-value
(n=248) (n=683)
Number of non-LM diseased vessels
1 37.6 (92/245) 31.9 (215/675) 0.11
2 34.3 (84/245) 37.0 (250/675) 0.44
3 10.2 (25/245) 14.7 (99/675) 0.08
SYNTAX score 26.016.2 27.046.2 0.31
SYNTAX score tertiles
Low (0-22) 32.9 (78/237) 31.8 (211/664) 0.75
Intermediate (23-32) 44.7 (106/237) 42.2 (280/664) 0.49
High (=33) 22.4 (53/237) 26.1 (173/664) 0.26
Left main disease
LM diameter stenosis, % 67.1£10.7 66.9£11.8 0.80
Ostial lesion 35.3 (85/241) 34.1 (227/665) 0.75
Mid shaft lesion 43.2 (104/241) 43.5 (289/665) 0.93
Distal lesion (bifurcation or trifurcation) 81.7 (197/241) 79.4 (528/665) 0.44
Guide catheter size
6 Fr 76.4 (188/246) 35.9 (244/680) <0.0001
7Fr 23.2 (57/246) 43.8 (298/680) <0.0001
8 Fr 0.4 (1/246) 20.3 (138/680) <0.0001
Bivalirudin anticoagulation 22.7 (60/264) 37.1(275/742) <0.0001
Glycoprotein llb/Illa inhibitor 7.2 (19/265) 6.8 (51/751) 0.83
Haemodynamic support used 1.9 (5/264) 6.4 (48/752) 0.005
Staged procedure(s) planned 6.8 (18/265) 9.6 (72/752) 0.17
LM stent delivery success, per stent 99.7 (335/336) 99.6 (1,051/1,055) 0.83
PCI of distal left main bifurcation 62.2 (153/246) 55.3 (374/676) 0.06
Provisional 1-stent strategy 79.1 (121/153) 59.1 (221/374) <0.0001
Planned 2-stent strategy 20.9 (32/153) 40.9 (153/374) <0.0001
Number of LM stents 1.4+0.7 1.5+£0.8 0.0002
Total LM stent length, mm 26.8+16.8 28.9+17.0 0.050
Number of non-LM vessels treated 0.6+0.7 0.8+0.8 0.04
Number of non-LM lesions treated 0.8+1.0 1.0+1.1 0.02
Number of non-LM stents implanted 0.9+1.4 1.0+£1.3 0.06
Procedural complications™ 10.6 (28/265) 10.1 (76/752) 0.83
Hospitalisation duration, days 5.1£3.9 5.615.6 0.46

*Defined as occurrence of one of the following: chest pain lasting >10 minutes, ECG changes lasting >10 minutes, slow coronary
flow, no reflow, distal embolisation, side branch closure (>2 mm side branch), acute vessel closure, perforation, stent thrombosis,

cardiac tamponade requiring pericardial synthesis, cardiac arrest requiring CPR or defibrillation/cardioversion, ventricular

arrhythmias requiring defibrillation or cardioversion, bradyarrhythmias or heart block requiring temporary pacemaker, intubation,

hypotension requiring pressors or intra-aortic balloon pump (IABP), stroke, coronary dissection, aortic dissection or bleeding.

Angiographic data are core laboratory derived.

All data are per patient unless otherwise noted.

LM: left main coronary artery; MI: myocardial infarction; PCI: percutaneous coronary intervention
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A New Algorithm for Crossing Chronic Total
Occlusions From the Asia Pacific Chronic Total
Occlusion Club

Scott A. Harding, MD,a Eugene B. Wu, MD b Sidney Lo, MBBSc Soo Teik Lim, MD.d Lei Ge, MD ¢ Ji-
Yan Chen, MD f Jie Quan, MD.g Seung-Whan Lee, MD, PHD )h Hsien-Li Kao, MD,i Etsuo Tsuchikane, MD,
PHDj

Abstract

Although the hybrid chronic total occlusion (CTO) algorithm had many excellent recommendations, there
has been infrequent adoption in the Asia Pacific region. The Asia Pacific CTO club propose an algorithm
for case selection based on the Japan-CTO score and a new CTO algorithm, which is applicable globally.
This algorithm allows for differing skill sets and equipment availability and contains practical teaching for
CTO percutaneous coronary intervention. Similar to the hybrid algorithm there are 3 main questions that
determine whether the primary approach is antegrade or retrograde: 1) is there proximal cap ambiguity;
2) is the distal vessel of poor quality; and 3) are there interventional collaterals present. In contrast to
the hybrid algorithm occlusion length alone does not determine the choice of either a wire escalation
strategy or a dissection re-entry strategy. Rather a combination of factors including ambiguity of the vessel
course, severe calcification, tortuosity, length, and previous failure are used to determine this. The role
of intravascular ultrasound—guided entry to overcome proximal cap ambiguity and the CrossBoss catheter
in occlusive in-stent restenosis are highlighted in the algorithm. Both the parallel wire technique and
dissection re-entry with the Stingray system have been included as options when the initial antegrade wire
passage fails. Intravascular ultrasound—guided wiring along with limited subintimal tracking and re-entry
are included as final options in the algorithm. Finally, the algorithm incorporates guidance on when to stop
the procedure. It is hoped that this algorithm will serve as the basis for future CTO percutaneous coronary
intervention proctoring and training. (J Am Coll Cardiol Intv 2017;10:2135-43) © 2017 by the American
College of Cardiology Foundation.
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FIGURE 1 Case Selection Guided by the J-CTO Score

[ Coronary angiography + CCTA ]
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This algorithm is designed to help operators with limited or early chronic total occlusion
(CTO) experience with case selection. If the J-CTO Score is =2 then we suggest that for
operators with limited CTO experience it is best to either perform the case with a
proctor or refer the case to an experienced CTO operator. CCTA = coronary computed
tomography angiography; J-CTO = Japan-CTO Score.
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( Algorithm for CTO Crossing '

Isolated occlusive in-stent
restenosis

IVUS- Consider use of CrossBoss™
guided entry /8 as primary crossing strategy

Interventional collaterals present

Careful analysis of angiogram/CCTA

Proximal cap ambiguity

Poor quality distal vessel or
bifurcation at distal cap £

Antegrade wire
based approach

__ Retrograde approach__

If suitable
re-entry zone

[Consider primary use of KWT/

?;?I?Ct'onsRet'em"mf Parallel wiring | dissection re-entry
gIAY DYoLE ' | ' « Ambiguous course of CTO
« Tortuous CTO segment

« Heavy calcification

Consider secondary use of KWT/
dissection re-entry

« Length >20mm

= Previous failed attempt

g IVUS-guided wiring/LAST

(Consider stopping if >3 hours, >3.7 x eGFR ml contrast, Air Kerma >5 Gy unless procedure well advancea
& 4

Figure 2

ZIT TG B Il T EE 5 BOE LTk BB B R B 17 i Il B 72 A2
[ EREEFT 1 o H I HI L PR 1 57— (1] B I TR G i 3 G - P PTE #% (€ /1] CrossBoss © # M1 B 5%
I = ] £ R R E (8 1 5 2 B ZE R T 2 AR NR T8 TT 1) MBIl 62 &1 FEAR B I E
WEEB 7R ; 2) Bl B E A & T 3) & FFE AT ARG ER -

BHZE A £2 /A5 1L A RERIE ER A8 75 iR s 2 R Bl T BT TS 38 9 = fE A ZHUE T BT 7%
TEETH TR GBI © ATRCH - RFIBEFFA M R

Stingray A HLAATT 75w A LIS o (T I1E IEE 2 S 38385 20 F IR B NET T & A B T B HERTF
ISR T -

eGFR =estimated glomerular filtration rate; IVUS =intravascular ultrasound;

KWT = knuckle wire technique; LAST= limited antegrade subintimal tracking;

[ 5 3 17
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B WIEEER (intentional intimal tracking), 5 247 #& fL (controlled drilling), 12 3% (penetration), and
BT IEER (subintimal tracking) @ & FIHY CTO ik K HPERES RN TR 1 H o BAMTIE T NETT S 44
Mg (Figure 3) -

Visible channel Tapered proximal cap Blunt proximal cap
Proximal Cap  Low penetration force Low penetration  Intermediate penetration
wire with polymer force wire force wire
jacket and tapered tip

Intermediate penetration Intermediate penetration  High penetration
force wire force wire force wire

If a high penetration-force wire has been used to the puncture proximal

CTO body cap step down to a lower penetration-force wire unless occlusion short
with unambiguous course.

Figure 3

1B & 72 P AT iEHI ) B AT A5G 38 T FT 0 KA B 1R - TR E S 2732 77 1R g #9385 A o 5 T B
1g - B ZHE TG G B G Z T8 - FRIERIZEIRAE - i A e E 5] B FTERY » AR AR
B F TG T RRA G (& L T ZE T A BT » T RE 75 B 1B E B g B 538 77 38 A P B i M+ JE NG
i BLJEE -

OB B AR AS & B P IR E /% CTO PCI Y — 53 » (ICBE n] DGR IR G AT HE AR - (REFH
ML B B AR R (F 1 o 2 OB B R R S SR Uiy o [ PR B R U8 - FCE & ] DA 5 Rl £
HEEET] -

fRR o Corsair 1 Turnpike (I R 52 » BHIE &2 N A ERE AT ) BIRCEE B RIFHIEE
FEJ7 0 JEHEESIETT CTO ZEE A T E 2R -

M4 & 5 0] LR B BAMT P 1A 860 2R 22 8 T I ME Y28 4 - A0SR B EASHELT 7 IVUS S R 3T i 8 #Y
FE - EHNREEI R RIEE EED - Wl DR ERMTEMRAEE - R BN CTO 55D
53EER] B CTO gkt » B R IE T RS i Bk A B S V)6 BB LG » I Fielder XT-R ( Asahi
Intecc ) ° $ETFZ AU A {5 F A #3838 (microchannel) @ B &Y # & 1650 Mg M I IRERME - DLRAK
REEER T EHGE HeEER R BE1E -
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WAEKE BT E SR EEEE )G #IP R ES - #1400 Conquest Pro 8¢ Conquest Pro 12 ( Asahi

Intecc )
eGSR RE > B FRREZEWE W B BB F il ek o - g A MasE
TIERME R ®1th - HEiE RIF B E IS E R & A - 40 Turnpike 8% Corsair » AR B E AT » &

— B TR EAE T E R

ANERfE A = 2 ST B 28 T T i e o SRR AR R EE 18R 0 FRIEFAZEIRKE o 1 BB
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Bl - B[R] A R I s 2R PR B A2 R B S

frf {5 F F5 A 8455277 (KNUCKLE WIRE)

BT A% T CTO PCI H - fERAHEIE###% 75 (KNUCKLE WIRE) B\ —fHEE A T H - fEREIE
WM BT R 2 E R B R PSR AL - BAEENEIIME & AR - B EZE LIRS - 2Rim - EfaRAE
BRI HEAME AR 22 —FEE A AN BRI E 2 FE - BE EHRIEITH Stingray 3R
W& FIISZ ] CART 1T B &Y #EE L% o A Fielder XT ( Asahi Intecc) B¢ Pilot 200 ER /2 fx i FH
BRI RETREATT » Gaia 2nd tha] DUE RO © i 0r S nl AR/ NERETR T - A & 815 -
FH Fielder XT ##/F BCHIFE B B 111 EL Pilot 200 ##1F BCAIAB LR /|N o o AT DU @ (28 & 825 B A2 B 72 )
TERIET AR - MR e 2 REEZR DGR R ST - B REREMET A (ENEIT IS K BER - RIOFEEH
CrossBoss £ A NI N Z2 [ » A6 ARSI FF A B - e MmN T 22 &/IME -

FEA—X > EEME T ATGHFRTR - B E T IS 2 58 6 15 B B B 57 B0R 8 R AR
VIR E R AT A B ZE R R o H th B R 1L B 2 5L L 8 FH 915 B B S e 779 B D R HL 2P AL R
L TN

SEATESRAEY] (parallel wire technique) FUNE: I %5 FBEFT A RN (dissection re-entry strategy)
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B SEEE R BN - £ —IREARAOEIE - 5 IR BRI AL FLE AT -

{58 IS A YA T I B FF A Stingray SR B #RE R AT DR I RAIRCR - THE L B AR
J-CTO 73 #Hym kL - (HGIEFTA 7 258 F A BT M KB R A Stingray SRt - £ Stingray S ifl /& 7 2
AR - FEHLEEI R EZ 55 L% R © o T B Stingray SRALECLT - FERZAEIE PIIE N 22 MR R 2 H A& ZHT
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RIEB G AR - BEIURIEMEME RIEEE ARRES » RESCORWT L - G EEEIGR R AR R ME B
FAE » M ERE - BRBAT R - HETE @ WRAEREAE AR « BigBREAIETEMIERR - 502H
ANERH BRERSE - S BBt Stingray AMEHEA - K2 HABFERERR - #5{Lslir
B 0 RIS B8 ISP T B B 8B T 5 -



BREATIA (1)

& Stingray AN AR > HIATT 8 17 5 E M - TVUS 5 38R AT DA (F & 18 el » Rtk
JeitE T 1.5 ZKRAYRERLENAAT #f LG AE B T E5R - JCRF#X IVUS BEAYZER] » IVUS 2R 1% FI2ACHE
EEPEAIE - 005 385 BT & EE 1A H NEERYER - B0 Conquest Pro 3 AGE i ELJEE -

LT AR TR
WAT ST ATGEHER T2 CTO PCI —{H E ARy - 55T 5 AU B IR R 5 CTO PCI HYRZHRA R
REB < 1T AT TR RIRE RS R AR R R RE AR PR H T 58 R SO A BE » DU BARs H B -

RS AVERHTT 1T ER B ERME N EE - SR ERARERME R ERE RV T ER
R A - — B s @@ M A R BRI - M T HCEE EEDEIRIE - £ B A PR IE & Ry B
T~ HIg8 HAMF R i B2 R BM s o H B ARAY 7] CART(contemporary reverse CART) {2
TSR © 3 R CART R P —(BV/MNRER 5% 2.0 ks ol AELIB (T BRI BGR - o MIBIRs
% B BRI RS Rk o 40 GAIA 2nd 3rd > FEAIETTRER - ARERNETT RERAUR - RIS 1T E %
AR AR 22 -
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