
T-stenting and small protrusion 
(TAP) technique for restenotic

lesion after single stenting in the 
left main coronary bifurcation

T-stenting and small protrusion 
(TAP) technique for restenotic

lesion after single stenting in the 
left main coronary bifurcation

Yoshinobu Murasato MD, PhD
Dept. of Cardiovascular Medicine, 
New Yukuhashi Hospital, Japan



How do you treat  the SB restenosis after 
single stenting?

How do you treat  the SB restenosis after 
single stenting?

• Leave it in case without clinical or proven ischemia 
(symptom, scintigram, FFR)

• SB ballooning
– High-pressure balloon
– Cutting balloon, Safe-cut, Angiosculpt
– Final KBT is mandatory to correct the deformation of the MV 

stent.

• SB stenting (“A” family) is considered for severe and/or 
recurrent restenosis.



TAP-stenting: first clinical results (Rome updated)

Rome’s Study 
Population
(n=17)

Seoul’s Study 
Population
(n=61)

POOLED 
RESULTS
(n=78)

UP TO 30 DAY 

Death
Nonfatal Myocardial Infarction
Target Lesion Revascularization 
Any MACE

0
0
0
0

1 (1.6%)
0
0

1 (1.6%)

1 (1.3%)
0
0

1 (1.3%)

>30 DAY- 9 MONTH

Death
Nonfatal Myocardial Infarction
Target Lesion Revascularization 
- repeated PCI 
- CABG 
Any MACE

1 (5.8%) (after CABG*)
0

2 (11.8%)
1 (5.8%) 
1 (5.8%)*
2 (11.8%)

1 (1.6%)
0

3 (4.9%)
3 (4.9%)

0
4 (6.6%)

2 (2.6%)
0

5 (6.4%)
4 (5.1%)
1 (1.3%)
6 (7.7%)

OVERALL, UP TO 9-MONTH

Documented stent thrombosis
Target Lesion Revascularization
Patients without MACE

0
2 (11.8%)
15 (88.2%)

1 (1.6%)
3 (4.9%)

56 (91.8%)
5 (6.4%)

71 (91.0%)

Burzotta F. Catheter Cardiovasc Interv. 2007, 70:75

Minimum overlapping layer Minimum overlapping layer 
Less gap formation between the stentsLess gap formation between the stents



Case: 73 y.o. maleCase: 73 y.o. male

2007. 3.8
AMI (inferior)
#2: Vision 3.0/15

2007.3.19
#7: Taxus 3.0/20
#9: Taxus 2.5/16
#5-6: Taxus 3.5/24
#5-11: POBA (2.5)

2008.7.2
#2 ISR: Cypher
3.0/23

Coronary risk factor
HT
Past smoking



TAP technique for the restenotic
bifurcation lesion (0,1,1)

TAP technique for the restenotic
bifurcation lesion (0,1,1)

• GC: Heartrail II, IL4.0
• GW: Runthrough NS, 

Fielder
• Prox LCX: Cypher

3.0/18
• LM – LAD: BP22, 

3.0/15



1. Cypher 3.0/18, 18atm

2. KBT, 12atm
LM-LAD: BP22 3.0/15
LM-LCX: SDS 3.0/18

3. KBT (12atm) after LCX ballooning 
(20atm)

LM-LAD: BP22, 3.0/15
LM-LCX: NC Mercury 3.0/10

LCX ostium LAD ostium

Stent area: 5.3mm2 4.0mm2Pull back the SDS balloon



4. KBT (12atm) after LAD ballooning (20atm) 
LM-LAD: BP22, 3.0/15
LM-LCX: NC Mercury 3.0/10

Prox LMCALCX ostium LAD ostium

Stent area: 4.5mm2 5.5mm2 10.2mm2



Final CAGFinal CAG



TAP technique in the 3-dimentional LMCA modelTAP technique in the 3-dimentional LMCA model

RAO LAO

AP caudal spider

LMCA

LADLCX
90°

135°135°

LMCA model

Driver 
3.5/24

ML Penta
3.0/23

Cypher
3.5/18

Cypher
3.0/28

1. Modular stent 

2.Closed-cell stent 
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1. Driver stent (modular type) for MV1. Driver stent (modular type) for MV

LADLCX

ML Penta
3.0/23

Driver 
3.5/24

Adequate strut dilatation 
for SB ostium

Minimum single-layer 
metallic carina

Plat home of Endeavour



2. Cypher stent (closed-cell type) for MV2. Cypher stent (closed-cell type) for MV

Cypher
3.5/18

Cypher
3.0/28

LADLCX

Inadequate stent
expansion of SB 
ostium

There remained 
unstented area.



Cypher Cypher 

LAD

LCX

LMCA

Driver Driver 

LAD

LCX

LMCA

IVUS-like cross sectional viewIVUSIVUS--like cross sectional viewlike cross sectional view

SqueezingGap



ConclusionConclusion

• TAP technique is a non-complex and acceptable 
treatment for the recurrent and severe restenotic
lesion in the LCX after crossover stenting in the 
LMCA.

• Even after high pressure ballooning at the LCX 
ostium, the stent expansion was restricted when 
Taxus stent was used for the MV.

• This tendency was more prominent in Cypher
stent (closed-cell type) compared to Driver stent
(modular type).

• Kissing balloon inflation was mandatory for 
correcting the deviation of metallic carina.
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Good evening, ladies and gentlemen. Now I would like to present a case with T-stenting and small protrusion (TAP) technique for restenotic lesion in the left main coronary bifurcation. Then I will also present the results of micro focus CT analysis.

*









How do you treat  the SB restenosis after single stenting?

		Leave it in case without clinical or proven ischemia (symptom, scintigram, FFR)

		SB ballooning

		High-pressure balloon

		Cutting balloon, Safe-cut, Angiosculpt

		Final KBT is mandatory to correct the deformation of the MV stent.

		SB stenting (“A” family) is considered for severe and/or recurrent restenosis.





Our recent consensus is that single stenting is a first-line therapeutic for the bifurcation lesion. However, further study is required as to the treatment for the side branch restenosis after single stenting.

It is acceptable to leave the lesion without clinical or proven ischemia. In treating the restenosis, I think the SB ballooning procedure is more preferable  than stenting. Some special devices might be effective, high-pressure balloon for the adequate stent expansion and the devices with cutting blades or wires for the ablation of restenotic tissue. Final kissing balloon inflation is mandatory to correct the deformation of the MV stent.

However, in the case with severe and/or recurrent restenosis, the SB stenting “A” family is considered. T-stenting, internal crush, culotte, and TAP technique. 

*









TAP-stenting: first clinical results (Rome updated)





Burzotta F. Catheter Cardiovasc Interv. 2007, 70:75

Minimum overlapping layer 

Less gap formation between the stents

		Rome’s Study Population
(n=17)		Seoul’s Study Population
(n=61)		POOLED 
RESULTS
(n=78)

		UP TO 30 DAY 

		Death
Nonfatal Myocardial Infarction
Target Lesion Revascularization 
Any MACE		0
0
0
0		1 (1.6%)
0
0
1 (1.6%)		1 (1.3%)
0
0
1 (1.3%)

		>30 DAY- 9 MONTH

		Death
Nonfatal Myocardial Infarction
Target Lesion Revascularization 
- repeated PCI 
- CABG 
Any MACE		1 (5.8%) (after CABG*)
0
2 (11.8%)
1 (5.8%) 
1 (5.8%)*
2 (11.8%)		1 (1.6%)
0
3 (4.9%)
3 (4.9%)
0
4 (6.6%)		2 (2.6%)
0
5 (6.4%)
4 (5.1%)
1 (1.3%)
6 (7.7%)

		OVERALL, UP TO 9-MONTH 

		Documented stent thrombosis
Target Lesion Revascularization
Patients without MACE		0
2 (11.8%)
15 (88.2%)		1 (1.6%)
3 (4.9%)
56 (91.8%)		1 (1.3%)
5 (6.4%)
71 (91.0%)































In the last EBC, Dr. Burzotta demonstrated the first clinical results of TAP stenting. In the 78 treated patients, frequencies of stent thrombosis and TLR were 1.3 and  6.4 %, respectively. They considered that these acceptable results were　attributed to minimum overlapping layer and less gap formation between the stents. 

*









Case: 73 y.o. male

2007. 3.8

AMI (inferior)

#2: Vision 3.0/15

2007.3.19

#7: Taxus 3.0/20

#9: Taxus 2.5/16

#5-6: Taxus 3.5/24

#5-11: POBA (2.5)

2008.7.2

#2 ISR: Cypher 3.0/23



Coronary risk factor

HT

Past smoking



We treated a case of the restenotic lesion at the LMCA bifurcation with TAP technique. The patient was a 73 year-old male and his coronary risk factors were hypertension and past smoking. In March, 2007, he was admitted to our hospital due to inferior acute myocardial infarction and undertook stenting. 2weeks later, Taxus stents were implanted in middle LAD and diagonal branch, and a Taxus 3.5/24mm was also deployed from the LMCA to the proximal LAD followed by kissing balloon inflation with 3.0 and 2.5mm balloons. 4month later, he sometimes  suffered from effort angina and follow-up CAG was performed. It showed severe restenosis in the LCX ostium and mild narrowing in the LAD ostium.    

*









TAP technique for the restenotic bifurcation lesion (0,1,1)

		GC: Heartrail II, IL4.0

		GW: Runthrough NS, Fielder

		Prox LCX: Cypher 3.0/18

		LM – LAD: BP22, 3.0/15





We thought DES implantation was inevitable considering the severe restenosis in the LCX. Since bifurcation angle was narrow, we decided to treat this lesion with TAP technique because the simple procedure might cause less injury at the prior deployed stent. The Cypher  3.0/18mm stent was positioned at the LCX ostium with the proximal site protruded slightly and a 3.0mm balloon was positioned from the LMCA to the LAD.  

*









1. Cypher 3.0/18, 18atm

2. KBT, 12atm

     LM-LAD: BP22 3.0/15

     LM-LCX: SDS 3.0/18

3. KBT (12atm) after LCX ballooning (20atm)

     LM-LAD: BP22, 3.0/15

     LM-LCX: NC Mercury 3.0/10

Pull back the SDS balloon

LCX ostium

LAD ostium

Stent area: 5.3mm2

4.0mm2



The Cypher stent was deployed at 18atm in the proximal LCX. Then, stent delivery balloon was pulled back and kissing balloon inflation was performed with a 3.0mm high-pressure balloon. Since the expansion of the LCX stent was inadequate, the stent was dilated with a 3.0mm high-pressure balloon at 20atm. The kissing balloon inflation was performed at 12atm. The IVUS showed the deviation of metallic carina to the LAD and a larger stent area in the LCX ostium than that in the LAD.

*









4. KBT (12atm) after LAD ballooning (20atm) 

     LM-LAD: BP22, 3.0/15

     LM-LCX: NC Mercury 3.0/10

Prox LMCA

LCX ostium

LAD ostium

Stent area: 4.5mm2

5.5mm2

10.2mm2



The kissing balloon inflation at 12 atm was performed following high pressure inflation of the LAD balloon at 20atm and minimum stent area was 4.5mm2 in the LCX ostium. However, we decided to finish the procedure because of the correction of the deviation of metallic carina and adequate stent expansion in the proximal LMCA.

*









Final CAG



Final CAG showed excellent expansions of both stents.

*









TAP technique in the 3-dimentional LMCA model

LMCA model

Driver 

3.5/24

ML Penta

3.0/23

Cypher

3.5/18

Cypher

3.0/28

1. Modular stent 

2.Closed-cell stent 
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We investigated the stent condition in the 3-dimentional LMCA model when the modular stent (Driver) and the closed-cell stent (Cypher)  were used for the MV in the TAP technique. 

*













1. Driver stent (modular type) for MV

LAD

LCX

ML Penta

3.0/23

Driver 

3.5/24

Adequate strut dilatation for SB ostium

Minimum single-layer metallic carina

Plat home of Endeavour











These are the micro-focus CT images of model 1 which the Driver stent, a plat home of the Endeavour stent,  was used for the MV. In the circulating view, there was little gap between the stents. In the cross sectional view from the LMCA, red and blue lines indicate the LAD and the LCX stents, respectively. You can see an adequate strut dilation for the SB ostium and minimal single-layer metallic carina.
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2. Cypher stent (closed-cell type) for MV



Cypher

3.5/18

Cypher

3.0/28

LAD

LCX

Inadequate stent expansion of SB ostium

There remained unstented area.















These are the images of model 2 which the Cypher stent was used for the MV. Since the dilation of the strut for the SB ostium was restricted, there remained unstented area. In the cross sectional view, you can see the inadequate expansion of the SB stent at this portion.

*









IVUS-like cross sectional view

Cypher 

LAD

LCX

LMCA

Driver 

LAD

LCX

LMCA





Squeezing



Gap



These are the IVUS-like cross sectional view from the LMCA to the LAD. The SB is the LCX. The squeezing of the LCX stent at its ostium and the gap formation at distal bifurcation were clearly demonstrated in the view of Cypher stent. 

*









Conclusion

		TAP technique is a non-complex and acceptable treatment for the recurrent and severe restenotic lesion in the LCX after crossover stenting in the LMCA.

		Even after high pressure ballooning at the LCX ostium, the stent expansion was restricted when Taxus stent was used for the MV.

		This tendency was more prominent in Cypher stent (closed-cell type) compared to Driver stent (modular type).

		Kissing balloon inflation was mandatory for correcting the deviation of metallic carina.





In conclusion,

TAP technique is a non-complex and acceptable treatment for the recurrent and severe restenotic lesion in the LCX after crossover stenting in the LMCA.

Even after high pressure ballooning at the LCX ostium, the stent expansion was restricted when Taxus stent was used for the MV.

This tendency was more prominent in Cypher stent (closed-cell type) compared to Driver stent (modular type).

Kissing balloon inflation was mandatory for correcting the deviation of metallic carina.





*
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