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PCI of CTO is associated with PCI of CTO is associated with PCI of CTO is associated with 

an acceptable success rate an acceptable success rate an acceptable success rate 

a favorable long-term patency by primary stenting a favorable longa favorable long--term patency by primary stenting term patency by primary stenting 

a high revascularization rate due to restenosisa high revascularization rate due to a high revascularization rate due to restenosisrestenosis

BackgroundBackgroundBackground
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HypothesisHypothesisHypothesis

Plaque debulking of CTO facilitates 
subsequent dilatation by balloon angioplasty 
and stenting and provides a better long-term 
angiographic outcome compared with 
primary stenting.

Plaque debulking of CTO facilitates Plaque debulking of CTO facilitates 
subsequent dilatation by balloon angioplasty subsequent dilatation by balloon angioplasty 
andand stentingstenting and provides a better longand provides a better long--termterm
angiographic outcome compared with angiographic outcome compared with 
primaryprimary stentingstenting..
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Study AimStudy AimStudy Aim

This study aimed to examine the impact of pre-
stent plaque debulking of CTO by rotational or 
directional atherectomy (RA or DCA) on restenosis
reduction in a multi-center randomized study.

This study aimed to examine the impact of preThis study aimed to examine the impact of pre--
stentstent plaque debulking of CTO by rotational or plaque debulking of CTO by rotational or 
directionaldirectional atherectomyatherectomy (RA or DCA) on (RA or DCA) on restenosisrestenosis
reduction in a multireduction in a multi--center randomized study.center randomized study.
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Study DesignStudy DesignStudy Design

ProspectiveProspective
MultiMulti--centercenter
RandomizedRandomized
AnyAny stent(sstent(s))

DebulkingDebulking armarm NonNon--debulkingdebulking armarmvsvs

RARA oror DCADCA
beforebefore stentingstenting StentingStenting alonealone

(Decision making by operator)(Decision making by operator)
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Inclusion CriteriaInclusion Criteria

Definition of CTODefinition of CTO

1. TIMI flow grade = 1. TIMI flow grade = 0 or 10 or 1

2. Estimated occluded duration > 2. Estimated occluded duration > 1 month1 month
or unknownor unknown

Occlusion length < Occlusion length < 20 mm20 mm

Suitable morphology for rotational or directionalSuitable morphology for rotational or directional
atherectomyatherectomy

Suitable morphology for Suitable morphology for stentingstenting
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Exclusion CriteriaExclusion Criteria

Reference diameter < 2.0 mmReference diameter < 2.0 mm

ACS culprit lesionACS culprit lesion

Wire passed through the false lumenWire passed through the false lumen

Bypass graftBypass graft

Occluded vessel supplied from intact bypass graftOccluded vessel supplied from intact bypass graft

InstentInstent occlusionocclusion

Unsuitable morphology for Unsuitable morphology for atherectomyatherectomy devicesdevices

Unsuitable morphology for Unsuitable morphology for stentingstenting
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Procedural SequenceProcedural Sequence

Successful crossing of CTO with conventional guide wireSuccessful crossing of CTO with conventional guide wire
Judgement of Judgement of RARA oror DCADCA application (by application (by IVUSIVUS guidance)guidance)

EnrollmentEnrollment

RandomizationRandomization

RARA oror DCADCA
POBA, if necessaryPOBA, if necessary

StentingStenting
Adjunctive POBA, if necessaryAdjunctive POBA, if necessary

POBAPOBA
StentingStenting

Adjunctive POBA, if necessaryAdjunctive POBA, if necessary

DebulkingDebulking armarm NonNon--debulkingdebulking armarm
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AngiographicAngiographic restenosisrestenosis at 6 monthsat 6 months

MACE, TLR, TVR by 1 yearMACE, TLR, TVR by 1 year

Primary endpointPrimary endpoint

Secondary endpointSecondary endpoint

EndpointsEndpointsEndpoints
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Study InstitutionsStudy InstitutionsStudy Institutions

Japanese 21 CentersJapanese 21 CentersJapanese 21 Centers
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EnrollmentEnrollment

EnrollmentEnrollment (Oct. 2000 ~ July 2003)(Oct. 2000 ~ July 2003)

RandomizationRandomization

RARA indicatedindicated DCADCA indicatedindicated

DebulkingDebulking armarm NonNon--debulkingdebulking armarm

RandomizationRandomization

276276
Protocol violationProtocol violation

1010

266266177177 8989

9090

138138

4141

128128

8787 4848
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Patients CharacteristicsPatients CharacteristicsPatients Characteristics

NumberNumber
MaleMale

Age (y.o.)Age (y.o.)
Prior MIPrior MI

Prior CABGPrior CABG
Prior PCIPrior PCI

UAUA
MultivesselMultivessel

HTHT
DMDM
HLHL

H/O smokingH/O smoking

138138
84.1%84.1%
6464±±99

57.2%57.2%
7.2%7.2%
36.2%36.2%
7.2%7.2%
68.1%68.1%
58.0%58.0%
34.8%34.8%
57.2%57.2%
51.4%51.4%

DebulkingDebulking NonNon--debulkingdebulking P valueP value

128128
81.3%81.3%
6565±±99

57.0%57.0%
7.0%7.0%
28.9%28.9%
7.8%7.8%
68.0%68.0%
52.3%52.3%
38.3%38.3%
46.9%46.9%
44.5%44.5%

NSNS
NSNS
NSNS
NSNS
NSNS
NSNS
NSNS
NSNS
NSNS
NSNS
NSNS
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Lesion CharacteristicsLesion CharacteristicsLesion Characteristics

NumberNumber

Target vessel Target vessel 
RCA / LAD / RCA / LAD / LCxLCx

De novoDe novo
OMI relatedOMI related

CalcifiedCalcified
Jeopardized collateralJeopardized collateral

ProximalProximal tortuositytortuosity
Bending (Bending (>45 degree>45 degree))

138138

DebulkingDebulking NonNon--debulkingdebulking P valueP value

128128

NSNS

NSNS
NSNS
NSNS
NSNS
NSNS
NSNS

89.1%89.1%
55.1%55.1%
61.6%61.6%
41.3%41.3%
37.0%37.0%
6.5%6.5%

33 / 53 / 14%33 / 53 / 14%

89.8%89.8%
56.3%56.3%
62.5%62.5%
38.3%38.3%
27.3%27.3%
3.1%3.1%

39 / 48 / 13%39 / 48 / 13%
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Lesion CharacteristicsLesion CharacteristicsLesion Characteristics

NumberNumber
TIMI=1TIMI=1
TIMI=0TIMI=0

Occlusion lengthOcclusion length
10mm10mm

1010 �� ,, 20mm20mm
Lesion lengthLesion length

20mm20mm
�� 20mm20mm

Occlusive durationOcclusive duration
3M3M

�� 3M3M
UnknownUnknown

138138
18.1%18.1%
81.9%81.9%

40.6%40.6%
59.4%59.4%

39.9%39.9%
60.1%60.1%

5.1%5.1%
16.6%16.6%
78.3%78.3%

DebulkingDebulking NonNon--debulkingdebulking P valueP value

128128
14.8%14.8%
85.2%85.2%

40.6%40.6%
59.4%59.4%

35.9%35.9%
64.1%64.1%

5.5%5.5%
16.4%16.4%
78.1%78.1%

NSNS

NSNS

NSNS

NSNS
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Conventional Wires UsedConventional Wires UsedConventional Wires Used

Soft Intermediate
Standard Super hard

Soft Intermediate
Standard Super hard

DebulkingDebulking armarm NonNon--debulkingdebulking armarm
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RA Procedural ResultsRA Procedural ResultsRA Procedural Results
1. Pre1. Pre--dilatation: 69.2%dilatation: 69.2%

3. Max. burr size: 1.843. Max. burr size: 1.84±±0.21mm0.21mm

2. Wire exchange success: 100%2. Wire exchange success: 100%

0

10

20

30

40

1.51.5 1.751.75

(%)(%)

2.152.152.02.0 (mm)(mm)
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6. Max. drop in RPM: 68006. Max. drop in RPM: 6800±±4000 rpm 4000 rpm 

5. Total ablation time: 102.55. Total ablation time: 102.5±±85.3 sec.85.3 sec.

RA Procedural Results (cont’d)RA Procedural Results (contRA Procedural Results (cont’’d)d)

7. Complications during RA 7. Complications during RA 
1) pacing1) pacing
2) spasm2) spasm
3) side branch occlusion3) side branch occlusion
4)4) no flowno flow
5)5) perforationperforation

7.7% (6)7.7% (6)
6.6% (6)6.6% (6)
1.1% (1)1.1% (1)
0%0%
0%0%

Number of used burrs: 1.51Number of used burrs: 1.51±±0.500.50
4. Multiple burrs: 51.6%4. Multiple burrs: 51.6%
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DCA Procedural ResultsDCA Procedural ResultsDCA Procedural Results
1. Pre1. Pre--dilatation: 82%dilatation: 82%

3. Wire used3. Wire used

2. Pre2. Pre--dilatation balloon: 1.73dilatation balloon: 1.73±±0.41 mm0.41 mm

Grandslam
Flexi-wire
Platinum plus
Iron man
others
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4.4. AtherocatheterAtherocatheter usedused

DCA Procedural Results (cont’d)DCA Procedural Results (contDCA Procedural Results (cont’’d)d)

6. Complications during DCA 6. Complications during DCA 
1) spasm1) spasm
3) side branch occlusion3) side branch occlusion
4)4) no flowno flow
5)5) perforationperforation

2% (1)2% (1)
2% (1)2% (1)
4% (2)4% (2)
0%0%

GTO
Flexicut

5. Max. cutting pressure: 54.95. Max. cutting pressure: 54.9±±31.131.1 psipsi



19th Annual Interventional Cardiology 2004 DOCTORS Investigators

Stents UsedStentsStents UsedUsed

NIR Velocity
Radius S series
Multilink series Mixed

DebulkingDebulking armarm NonNon--debulkingdebulking armarm

NIR Velocity
Radius S series
Multilink series Mixed
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Stenting Procedural ResultsStentingStenting Procedural ResultsProcedural Results

NumberNumber

Delivery successDelivery success

MultipleMultiple stentsstents
Number of Number of stentsstents

StentStent sizesize (mm)(mm)
Total length of Total length of stentsstents (mm)(mm)

StentingStenting pressurepressure ((atmatm))

Post dilatationPost dilatation
Post dilatation balloonPost dilatation balloon (mm)(mm)

Post dilatation pressurePost dilatation pressure ((atmatm))

138138

100%100%

21.7%21.7%
1.231.23±±0.460.46
3.463.46±±0.470.47
25.725.7±±11.011.0
11.711.7±±3.43.4

63.8%63.8%
3.453.45±±0.450.45
12.912.9±±4.34.3

DebulkingDebulking NonNon--debulkingdebulking P valueP value

128128

99.2%99.2%

27.5%27.5%
1.311.31±±0.540.54
3.393.39±0.420.42
28.228.2±±11.711.7
11.911.9±±3.93.9

65.4%65.4%
3.423.42±±0.440.44
13.613.6±±4.54.5

0.270.27
0.180.18
0.140.14

0.0760.076
0.650.65

0.790.79
0.620.62
0.320.32

(Balloon not crossed: 1pt)(Balloon not crossed: 1pt)
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Final Procedural ResultsFinal Procedural ResultsFinal Procedural Results

NumberNumber

LesionLesion unsuccessunsuccess

Flow disturbanceFlow disturbance

ResidualResidual stenosisstenosis

MACEMACE

138138

1.4% (2)1.4% (2)

1.4% (2)1.4% (2)

00

0.7% (1)0.7% (1)

DebulkingDebulking NonNon--debulkingdebulking P valueP value

128128

1.6% (2)1.6% (2)

0.8% (1) 0.8% (1) 

1.6% (2)1.6% (2)

00

NSNS

0.490.49

NSNS

NSNS
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In-Hospital OutcomesInIn--Hospital OutcomesHospital Outcomes

NumberNumber

DeathDeath

CABGCABG

QQ--wave MIwave MI

Subsequent PCISubsequent PCI

138138

0.7% (1*)0.7% (1*)

0.7% (1)0.7% (1)

1.4% (2*)1.4% (2*)

00

DebulkingDebulking NonNon--debulkingdebulking P valueP value

128128

00

00

00

0.8% (1)0.8% (1)

NSNS

NSNS

NSNS

NSNS

**same patientsame patient
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Clinical 6Mo Fu Results after DischargeClinical 6Mo Fu Results Clinical 6Mo Fu Results after Dischargeafter Discharge

NumberNumber

DeathDeath

CABGCABG

QQ--wave MIwave MI

CHFCHF

Any eventAny event

132132

00

00

0.8% (1)0.8% (1)

00

0.8% (1)0.8% (1)

DebulkingDebulking NonNon--debulkingdebulking P valueP value

114114

00

00

00

1.8% (2)1.8% (2)

1.8% (2)1.8% (2)

NSNS

NSNS

NSNS

NSNS

NSNS
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TLR and TVR in Fu CAG PtsTLR and TVR TLR and TVR in Fu CAG Ptsin Fu CAG Pts

0

10

20

30

40

50

TLR TVR

Debulking
Non-debulking

(%)(%)

(n=128)(n=110)

18.8%18.8%

29.1%29.1%

ALLALL
P=0.014P=0.014

(n=128)(n=110)

P=0.061P=0.061

21.9%21.9%

36.4%36.4%
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0

10

20

30

40

50

TLR TVR

Debulking
Non-debulking

(%)(%)

(n=82) (n=74)

20.7%20.7%

29.7%29.7%

RA indicatedRA indicated
P=0.069P=0.069

(n=82) (n=74)

P=0.20P=0.20

23.2%23.2%

36.5%36.5%

TLR and TVR in Fu CAG PtsTLR and TVR TLR and TVR in Fu CAG Ptsin Fu CAG Pts
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0

10

20

30

40

50

TLR TVR

Debulking
Non-debulking

(%)(%)

(n=46) (n=36)

15.2%15.2%

27.8%27.8%

DCA indicatedDCA indicated
P=0.15P=0.15

(n=46) (n=36)

P=0.26P=0.26

19.6%19.6%

36.1%36.1%

TLR and TVR in Fu CAG PtsTLR and TVR TLR and TVR in Fu CAG Ptsin Fu CAG Pts



19th Annual Interventional Cardiology 2004 DOCTORS Investigators

(F/u: 164(F/u: 164±±6666 days)days)
Tentative QCA ResultsTentative QCA ResultsTentative QCA Results

Pre                       Lesion Length Pre                       Lesion Length (mm)(mm)
Reference Diameter Reference Diameter (mm)(mm)

Minimal Lumen Diameter Minimal Lumen Diameter (mm)(mm)
DiameterDiameter StenosisStenosis (%)(%)

Post            Reference Diameter Post            Reference Diameter (mm)(mm)

Minimal Lumen Diameter Minimal Lumen Diameter (mm)(mm)
DiameterDiameter StenosisStenosis(%)(%)

F/u             Reference Diameter F/u             Reference Diameter (mm)(mm)

Minimal Lumen Diameter Minimal Lumen Diameter (mm)(mm)
DiameterDiameter StenosisStenosis(%)(%)

BinaryBinary RestenosisRestenosis RateRate

13.013.0±±8.58.5
2.302.30±±0.870.87

0.0240.024±±0.150.15
99.199.1±±6.16.1
2.872.87±±0.610.61
2.112.11±±0.550.55
25.625.6±±13.813.8
2.602.60±±0.630.63
1.641.64±±0.680.68
37.037.0±±22.422.4

21.0%21.0%

DebulkingDebulking NonNon--debulkingdebulking

14.114.1±±9.49.4
2.332.33±±0.810.81
0.0420.042±±0.190.19
97.897.8±±11.611.6
3.013.01±±0.650.65
2.222.22±0.580.58
25.825.8±±13.113.1
2.612.61±±0.680.68
1.571.57±±0.770.77
41.541.5±±25.525.5

26.2%26.2%

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

n.s.
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0

0.5

1

1.5

2

2.5

Acute gain Late loss Net gain Loss index

Debulking
Non-debulking

2.102.10

P=0.28P=0.28

2.182.18

0.460.46 0.650.65

1.641.64 1.531.53

(mm)(mm)

P=0.040P=0.040

Lumen Dynamics Lumen Dynamics -- QCAQCA

0.200.20 0.290.29

P=0.087P=0.087

(123)(107)

P=0.29P=0.29

(mm)(mm) (mm)(mm) (F/u: 164(F/u: 164±±6666 days)days)

(113)(98) (112)(98) (112) (98)
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SummarySummarySummary

1. Both RA and DCA could be performed safely in 
selected CTO cases and facilitated subsequent stent
implantation.

1. Both RA and DCA could be performed safely in 1. Both RA and DCA could be performed safely in 
selected CTO cases and facilitated subsequent selected CTO cases and facilitated subsequent stentstent
implantation.implantation.

2. Pre-stent plaque debulking reduced the need of 
target vessel revascularization.
2. Pre2. Pre--stentstent plaqueplaque debulkingdebulking reduced the need of reduced the need of 
target vessel revascularization.target vessel revascularization.



19th Annual Interventional Cardiology 2004 DOCTORS Investigators

Osaka Medical CenterOsaka Medical CenterOsaka Medical Center

Kyoto Katsura HospitalKyotoKyoto KatsuraKatsura HospitalHospital Gifu Municipal HospitalGifu Municipal HospitalGifu Municipal Hospital

National Toyohashi
Higashi Hospital

National ToyohashiNational Toyohashi
Higashi HospitalHigashi Hospital

Shiga Medical CenterShiga Medical CenterShiga Medical CenterTakeda HospitalTakeda HospitalTakeda Hospital

CTO-RA Multi-center Experience CTOCTO--RA MultiRA Multi--center Experience center Experience 
(presented in JCS 1999)(presented in JCS 1999)
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0

10

20

30

40

50

60

70

80

Restenosis Reocclusion

ALL (n=123)
Non-stent (n=59)
Stent (n=64)

(%)(%)

47.647.6

24.124.1

72.572.5

29.429.4

17.017.0

5.55.5 Restenosis: Fu DS Restenosis: Fu DS �� 50%50%

(JCS 1999)(JCS 1999)

Definition of CTO Definition of CTO Definition of CTO 
TIMI flow grade = 0 TIMI flow grade = 0 TIMI flow grade = 0 
Occlusive duration � 1MoOcclusive duration Occlusive duration �� 1Mo1Mo

Reduction of Restenosis Reduction of Restenosis Reduction of Restenosis 
Japanese MultiJapanese Multi--Center ExperienceCenter Experience

(retrospective analysis)(retrospective analysis)

(123)(123) (59)(59) (64)(64)
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Debulking Of
Chronic Total Occlusion
with RA before Stenting

(DOCTORS)
Pilot StudyPilot Study
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Study InstitutionsStudy InstitutionsStudy Institutions

Osaka Medical CenterOsaka Medical CenterOsaka Medical Center

Kyoto Katsura HospitalKyotoKyoto KatsuraKatsura HospitalHospital

Gifu Prefectural HospitalGifuGifu PrefecturalPrefectural HospitalHospital

National Toyohashi
Higashi Hospital

National ToyohashiNational Toyohashi
Higashi HospitalHigashi Hospital

Shiga Medical CenterShiga Medical CenterShiga Medical Center

Takeda HospitalTakeda HospitalTakeda Hospital

Rinku General Medical 
Center
RinkuRinku General Medical General Medical 
CenterCenter

Niigata City General 
Hospital

Niigata City General Niigata City General 
HospitalHospital
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Post Procedural ResultsPost Procedural ResultsPost Procedural Results

2. Patient success: 99% 2. Patient success: 99% 

1. Procedural success: 99%1. Procedural success: 99%

3. Complication: 3. Complication: 
DeathDeath
EmEm--CABGCABG
AMIAMI
Coronary rupture (Coronary rupture (RA distal siteRA distal site))

4. Final TIMI flow grade 4. Final TIMI flow grade 
TIMI = 2TIMI = 2
TIMI = 3TIMI = 3

1%1%
99%99%

0%0%
0%0%
0%0%
1%1%
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6M Follow-up Results6M Follow6M Follow--up Resultsup Results

1. Death1. Death
CardiacCardiac

44
22 (1M: infectious (1M: infectious pericarditispericarditis))

2. Q2. Q--wave MIwave MI 00

4. Angiographic Fu4. Angiographic Fu
CABGCABG
Repeated PTCARepeated PTCA

8181
00
24 (24 (29.6%29.6%))

(6M: lung cancer)(6M: lung cancer)

3. Unstable angina3. Unstable angina 22

(N=100)(N=100)

TLR rateTLR rate

NonNon--cardiaccardiac 22 (6M: renal failure)(6M: renal failure)
(6M: sudden death)(6M: sudden death)
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Predictors of TLR Predictors of TLR Predictors of TLR 

0
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�20mm 20mm�

(%)(%)

(n=45) (n=32)

24.4%24.4%

37.5%37.5%

Occlusion LengthOcclusion Length
P=0.21P=0.21
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Predictors of TLR Predictors of TLR Predictors of TLR 

0
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40

50

�20mm 20mm�

(%)(%)

(n=29) (n=52)

10.3%10.3%

40.4%40.4%

TotalTotal StentStent LengthLength
P=0.0045P=0.0045



19th Annual Interventional Cardiology 2004 DOCTORS Investigators
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