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Strut Apposition with OCT

Dynamic range 40-60dB 90-110dB
IVUS OCT

Dynamic range
Resolution  (axial)

(lateral)
Penetration (tissue)
Frame rate
Pull-Back Speed
Wire artefacts

40-60dB
100-150µµµµm
150-300µµµµm

4-8mm
30/sec

0.5-1.0mm/sec
++

90-110dB
10-15µµµµm
25-40µµµµm
1.5mm
100/sec

20mm/sec
+

Tanigawa J, Barlis P, Di Mario C. EuroIntervention. 2007



Tanigawa J, Barlis P, Di Mario C. EuroIntervention.  2007



Visualisation Strut Thickness with OCT

OCT shows endoluminal surface only 
due to limited penetration of infrared 
light against metal



Classification of Stent Strut Malapposition

Apposed Malapposed
Embedded Protruding Malapposed

Cypher Select < 80µm 80 - 160µm ≥ 160µm

Taxus Liberte < 65µm 65 - 130µm ≥ 130µm

Endeavor/Resolute < 55µm 55 - 110µm ≥ 110µm

µ µ ≥ µXience/Promus < 50µm 50 – 100µm ≥ 100µm

Embedded Protruding Malapposed



Strut Apposition Cypher v Taxus

From Tanigawa, Barlis, Di Mario Intern J Cardiol 2008



From Tanigawa, Barlis, 
Di Mario Jpn Circ J 2008

Proximal Overlapping Distal



Patients & LesionsPatients & Lesions

45 Bifurcational Lesions 
(41 Pts)

30 (26 Pts) 
1-Stent

15 (15 Pts) 
2-Stent

Culotte - 11 (73%)
TAP      - 4   (27%)

Two Step KB 25 (83%) 15 (100%)



Procedural Variables 1 Stent technique
(n=30)

2 Stent technique
(n=15) P value

Target vessel bifurcation
LAD/Dg, n (%)
LCx/OM, n (%)
RCA/PDA, n (%)

12 (40)
12 (40)
6 (20)

13 (87)
2 (13)

0

0.007

Medina classification, n (%)
0,1,0
1,0,0
0,1,1
1,0,1
1,1,0
1,1,1

12 (40)
5 (17)
1 (3)
1 (3)
8 (27)
3 (10)

1 (7)
1 (7)
3 (21)
3 (21)
1 (7)
6 (41)

0.009

True bifurcation, n (%) 5 (17) 12 (80) <0.001
Baseline reference vessel diameter, mmBaseline reference vessel diameter, mm

Proximal MV
Distal MV
SB

3.1±0.7
2.6±0.8
2.2±0.6

3.0±0.9
2.2±0.6
2.1±0.5

0.6
0.1
0.9

Baseline diameter stenosis, %
Proximal MV
Distal MV
SB

43±26
52±25
23±±±±20

54±24
56±35
64±±±±30

0.2
0.6

0.001
Baseline minimal lumen diameter, mm

Proximal MV
Distal MV
SB

1.8±0.9
1.2±0.7
1.6±±±±0.7

1.4±0.7
1.0±0.9
0.8±±±±0.7

0.1
0.4

0.001
Lesion length, mm

Proximal MV
Distal MV
SB

8.6±8.7
10.0±10.6
2.8±±±±1.4

5.8±5.5
8.6±8.2
5.6±±±±4.7

0.3
0.6
0.01



1 Stent technique 
(n=30)

2 Stent technique 
(n=15)

P value

Maximal balloon pressure, atm
MV
SB

16.6±6.6
11.3±±±±4.8

17.3±4.9
14.7±±±±3.3

0.7
0.03

Type of drug eluting stent implanted in main
vessel, n (%)

Paclitaxel eluting stent (Taxus)
Paclitaxel eluting stent (Costar)
Sirolimus eluting stent (Cypher)
Zotarolimus eluting stent (Endeavor
Resolute)

Everolimus eluting stent (Xience V)
Zotarolimus eluting stent (Endeavor)
BMS (Driver)

6 (20)
0

8(27)

4 (13)
7 (23)
4 (13)
1 (4) 

5 (33)
1 (7)
6 (40)

1 (7)
2 (13)

0
0

0.4

15/10/2011
Titolo Presentazione Pagina 10

Total MV stent length, mm 38.6±19.9 33.7±18.6 0.4
Minimal lumen diameter after procedure,
mm

Proximal MV
Distal MV
SB

3.1±0.6
2.6±0.5
2.2±0.8

3.2±0.6
2.6±0.5
2.2±0.5

0.4
0.9
0.9

Diameter stenosis after procedure, %
Proximal MV
Distal MV
SB

9±6
1±8

14±18

7±9
7±7
9±10

0.6
0.06
0.3

Final kissing balloon, n (%) 25 (83) 15 (100) 0.1
IIb/IIIa inhibitor, n (%) 2 (7) 3 (20) 0.2
Troponin I rise, µg/L 0.6±1.2 2.2±5.2 0.2
Troponin I rise > 3 times URL, % 13(43) 15(100) 0.001



Motorised PB during Automated 
Pressure Injection Visipaque (3-7 ml/s)

28 Lightlabs C3 Time-Domain

17 StJude C7 Frequency Domain 

OCT Pullback in main vessel

Off-Line LightLabs Work Station

Division of bifurcation into 4 
segments:

OCT Acquisition & 
Analysis

OCT Acquisition & 
Analysis

segments:

. 

A) 8 mm proximal

B1) Quadrants facing the origin 
of the side-branch

B2) Quadrants opposite to SB 
origin

C) 4 mm distal

CA

B2

B1

Viceconte N et al. ESC 2011



MeausurementsMeausurements

Cross=sections analysed
every 450 µm with TD-
OCT and 400 µm with
FD-OCT

Malapposition: Distance
leading edge strut-vesselleading edge strut-vessel
wall greater than strut
thickness (metal +
polymer) + 15 µm
(correction factor)

Distance: Minimal
distance leading edge
strut-vessel Viceconte N et al. submitted



39 Yo AP CCS 2 & Positive Stress-Echo39 Yo AP CCS 2 & Positive Stress-Echo

Medina 0,0,1Medina 0,0,1



LAD – 1st Diagonal After PredilatationLAD – 1st Diagonal After Predilatation
Impossible d'afficher l'image. Votre ordinateur manque peut-être de mémoire pour ouvrir l'image ou l'image est endommagée. Redémarrez l'ordinateur, puis ouvrez à nouveau le fichier. Si le x rouge est toujours affiché, vous devrez peut-être supprimer l'image avant de la réinsérer. Impossible d'afficher l'image. Votre ordinateur manque peut-être de mémoire pour ouvrir l'image ou l'image est endommagée. Redémarrez l'ordinateur, puis ouvrez à nouveau le fichier. Si le x rouge est toujours affiché, vous devrez peut-être supprimer l'image avant de la réinsérer.

Proximal reference Bifurcation

Area: 5.1 mm2 Area: 4.7 mm2

Impossible d'afficher l'image. Votre ordinateur manque peut-être de mémoire pour ouvrir l'image ou l'image est endommagée. Redémarrez l'ordinateur, puis ouvrez à nouveau le fichier. Si le x rouge est toujours affiché, vous devrez peut-être supprimer l'image avant de la réinsérer. Impossible d'afficher l'image. Votre ordinateur manque peut-être de mémoire pour ouvrir l'image ou l'image est endommagée. Redémarrez l'ordinateur, puis ouvrez à nouveau le fichier. Si le x rouge est toujours affiché, vous devrez peut-être supprimer l'image avant de la réinsérer.

Distal referenceFibro-calcific plaque

Area: 5.1 mm2

D: 2.55 mm

Area: 4.9 mm2

D: 2.48 mm

Area: 4.7 mm2

D: 2.40 mm

Area: 4.70 mm2

D: 2.46 mm



Crossing through most distal strut after diagonal 
stenting with Resolute Integrity 2.5 x 24

Crossing through most distal strut after diagonal 
stenting with Resolute Integrity 2.5 x 24



After Second Stent LAD, 
Kissing 3.0/2.5 mm and Prox

Optimisation 4.0 mm

After Second Stent LAD, 
Kissing 3.0/2.5 mm and Prox

Optimisation 4.0 mm



1- Stent technique 
(n=26)

2-Stent technique 
(n=15)

P value

Male, n (%) 25 (96) 9 (60) 0.30

Age, mean±SD (years) 67.7±6.6 68.1±9.5 0.88

Diabetes mellitus, n (%) 6 (23) 6 (40) 0.30

Hypertension, n (%) 16 (61) 12 (80) 0.16

Current/former smoker, n (%) 14 (53) 9 (60) 0.75

Family history of coronary artery
disease, n (%)

12 (46) 11 (73) 0.002

Hypercholesterolaemia*, n (%) 24 (92) 12 (80) 0.34

Previous MI, n (%) 6 (23) 3 (20) 1.00

Previous CABG, n (%) 4 (15) 0 0.28

Caratteristiche cliniche

Previous PCI, n (%) 8 (31) 4 (26) 1.00

Renal impairment**, n (%) 2 (8) 1 (6) 1.00

Stable angina pectoris, n (%) 21 (81) 8 (53) 0.08

Unstable angina pectoris, n (%) 3 (11) 5 (33) 0.12

NSTEMI (%) 3 (11) 2 (13) 1.00

One vessel disease, n (%) 7 (27) 9 (60) 0.05

Two vessel disease, n (%) 6 (23) 6 (40) 0.30

Three vessel disease, n (%) 14 (54) 3 (20) 0.05

Viceconte N et al. submitted



Malapposition
1 Stent vs 2-Stents

Malapposition
1 Stent vs 2-Stents

PCI

P=0.02

Average Malapposition All segments   9.5 vs 17.6 P=0.0014

52.9

9.2

18.4

4.5
8.6

5.3

37.3

14.8

52.9

Viceconte N et al. submitted



La presenza di maglie malapposte in tale sede 
può facilitare l’insorgenza di fenomeni 

Trombotici e di Restenosi

La presenza di maglie malapposte in tale sede 
può facilitare l’insorgenza di fenomeni 

Trombotici e di Restenosi

Il maggior tasso di 
malapposizione 

NON SOLO “SIDE BRANCH”

malapposizione 
osservato nella 

tecnica a 2-stent in 
tal sede potrebbe 
rappresentare una 

delle cause del 
maggior tasso di 

“failure” delle lesioni 
trattate con tale 

tecnica
Iakovou et al. Herz. 2011; 36:198-212



9 Mths Clinical Outcome9 Mths Clinical Outcome

• Hospital visit/telephone call @ 9 mths 
(415 ± 139 days) 

1-STENT 2-STENTS P

TVR (%) 4 (13.3) 1 (6.6) 0.65TVR (%) 4 (13.3) 1 (6.6) 0.65

Death (%) 0 2 (13.3) 0.106

Cardiac death (%) 0 0 -

Definite Stent Thrombosis 
– ARC- (%)

0 0 -



TD-OCT FD-OCT

Wavelength(nm) 1300 1300

Source/Detector Wideband/Mechanical 
(Rotating mirror)

Laser/optical fiber

Pullback (mm/sec) 3 Up to 20-30

Optical Coherence Tomography
Time-domain vs frequency domain

Optical Coherence Tomography
Time-domain vs frequency domain

Frame rate (fps) 20 100

Lines per frame 240 450-500

Axial Resolution (µm) 10-20 10-20

Lateral resolution (µm) 10-20 10-20

Penetration depth (mm) 1.5-2 1.5-2

Scanning Diameter (mm) 7 8.3-10

Catheter diameter Image wire 0.019” Rx catheter 2.9-3.2F



ConclusionsConclusions

� Malapposition in bifurcational stenting is very frequent in the quadrants 
facing the origin of the side-branch

� Lesions treated with 2 Stents have more frequent strut malapposition than 
lesions treated with 1 stent with a significant difference in the proximal lesions treated with 1 stent with a significant difference in the proximal 
segment and in the quadrants opposite to SB opening

� Lesions treated with 1 Stent also have very frequent malapposition and the 
clinical significance of the difference with 2 stents is difficult to explore in a 
small series

� Clinical outcome was not influenced by the presence/severity of 
malapposition



LimitationsLimitations

� Lesions treated with 2 Stents have worse baseline characteristics including 
more severe and longer SB stenoses  

� Lesions treated with 2 Stents have larger SB diameter, with greater 
potential for malapposition.potential for malapposition.

� Only two techniques of double stenting assessed

� Analysis limited only to main vessel

� OCT used as documentary final imaging and not for procedural guidance



TD-OCT vs FD-OCTTD-OCT vs FD-OCT

30 lesions 
treated 1-Stent

TD-OCT (17 lesions)
1.3 pullback per lesion

FD-OCT (13 lesions)
2.5 pullbacks per lesionAverage Malapposition

17.5 vs 7.06 P=0.005

PCI

5.0
7.67.5

45.4

1.2
5.9

25.9

11.8

Viceconte N et al. submitted



Research Proposal
OCT Guided Stent Recrossing vs Conventional 

Angiographic Guidance

Research Proposal
OCT Guided Stent Recrossing vs Conventional 

Angiographic Guidance

50-80 Bifurcational Lesions 
(Intention to treat: Provisional Stenting) 

25-40 
OCT Guidance

25-40 
Angio Guidance

� OCT guided group receives pull-back after wire crossing and 
wire is repositioned if not in the most distal cell

� Documentary final OCT in both groups 



Proximal versus Distal Recrossing

A. Proximal SB recrossing B. Distal SB recrossing
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