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Background

e Stent underexpansion and incomplete stent apposition
(ISA) are associated with increased risk for stent
thrombosis (ST) and in-stent restenosis (ISR)
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* Intraprocedural underexpansion and apposition control
by IVUS improves outcome

A. Colombo, Circulation 1995
S Goldberg et al. JACC 1994
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Invasive Imaging cons
Alternative technigues

e [nvasive

e Labor intensified

e Associated with radiation and contrast media use
* Not free of complication

* Lack of knowledge and expertise

* Not universally reimbursed

Alternative: Stent visibility enhancement technique S

Mishell et al. Catheter Cardiovasc Interv 2007:69:84 -93
Koolen et al. Medicamundi 2005;49(2):4-8
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Enhancement methodology

e Acquisition: minimum 20, usually 30-45 frames used

e Motion compensation process
— Identification of stent region typically via stent-balloon markers
— Registration of landmarks throughout the image sequence

Plain angiography Stent enhancement Edge detection
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Study design-Aims

Single centre, Non-randomized trial

Agreement/correlation of diameter and diameter stenosis
measurements between MotionCorrected Stent
Enhancement (StentOP, IC-Pro, PAIEON), IVUS/OCT
and 2-D QCA

Ability of StentOp to influence post deployment strategy
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Study design-Workflow

Post stent deployment the deflated balloon is kept in
place for 3 sec of cine

A run with a test injection is recorded

Based on the contrast film, and prior to consulting the
Stent-Op result, the operator is asked

— If a post-dilation is required (Y/N) or

— If an IVUS/OCT is required (Y/N)

Based on the Stent-Op result the operator is asked the
same questions

Invasive imaging and/or post-dilation are performed
accordingly
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Procedure characteristics

Patients/stents, n 28/46 Stent diameter, mm 2.96+0.50

Vessel stented Stent length, mm 20.4+7.5
LAD/Diag, n (%) 26 (56.5) Deployment pressure, atm 16.1+4.1
RCA, n (%) 10 (21.7) Direct stenting 27 (58.6)
LCX/MO/Im, n (%) 9 (19.6) Calcification 15 (32.6)
SVG, n (%) 1(2.2) Bifurcation stenting 5 (10.8)

Stent type Post-dilation rate 27 (58.8)
Xience-V/Prime, n (%) 39 (84.8) Invasive imaging
Multilink Vision, n (%) 5 (10.8) IVUS 16 (34.8)
Other, n (%) 2 (4.4) OCT 10 (21.7)
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1st case: 2.75/12 mm Xience-V, direct stenting,
implanted at 14 atm in mid LAD

CSA=7.43mm2 & CSA=7.93mm2 N CSA=6.65mm?2 1‘%‘ CSA=7.27mm2

Diam=3.08mm Diam=3.17mm Diam=2.91mm Diam=3.04mm
(2.89, 3.27) (3.03, 3.29) d (2.77, 3.14) (2.93, 3.18)
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2hd case: 3.5/18 mm Xience-V, direct stenting,

implanted at 20 atm in mid LAD:
post dllatlon with 3.0/15mm non-compliant balloon

CSA=7.20mm?2
Diam=3.03mm
(2.83, 3.18)
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Min Max

D 2.7 mm

oM N/ B -sA=11.09mm2
= Min D 27 mm : Diam=3.76mm
(3.53, 3.93)
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D29mm = Max D 3.7 mm CSA=7.52mm?2 CSA 10 75mm?2
= Min D 2.9 mm

Diam=3.09mm
(2.94, 3.31)
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Diam=3.70mm
& (3.55, 3.84)
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3'd case: 3.0/23 mm Xience-V, direct stenting,
Implanted at 16 atm in mid LAD; post-dilation with
3.0/15mm non-compliant balloon

A Lumen: 9.24mm"2
CSA:924mm2 00000000
Piam=3.42mm
(3.07, 3.67) il
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Qualitative evaluation

user-friendly  image quality
post STENT

Image quality
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No better
Somewhat better
Much better



Agreement-Correlation
StentOp vs. IVUS/OCT

MIN Diam DS
Mean diff: -0.05 mm Mean diff: -1.5%
Limits of agreement: £0.75 mm Limits of agreement: £22.4%
2-D QCA vs. IVUS/OCT
Mean diff: -0.05 mm Mean diff: 2.7%

Limits of agreement: £0.84 mm Limits of agreement: £25.4%



Discriminating ability for underexpansion
StentOp vs. 2-D QCA

StentOp MLD 2-D QCA MLD
r=0.71, p<0.001 r=0.70, p<0.001
Cut-off: 2.65 mm Cut-off: 2.78 mm

A.U.C=0.761, p=0.049 A.U.C=0.738, p=0.069



Decision tree

Post-dilation: 27/46
Decision based on StentOp: 2/27

— Main vessel stent at the bifurcation (would have
performed KB inflation anyway)

— Main vessel stent below the bifurcation
Imaging rate post deployment: 11/46

— IVUS 8/46

— OCT 3/46

Decision based on StentOp: 0/11



Conclusions

« User-friendly, dependable software application

e Good correlation-reasonable agreement
between StentOp and Invasive Imaging for
measurements of diameter and diameter
stenosis

* No real modification incurred in post-deployment
strategy (learning curve, high inflation dilations)



StentOp limitations

Calibration needed

Time-delay to transfer when listening mode not
available

Enhanced images from 1 viewing direction at a
time;

2-dimensional measurements

Radiation?

Successive stents (the region where the post-
dilation balloon Is positioned gets enhanced, the
rest is blurry)



Future applications

Stent overlap

Stent in stent

Stent guidance in the novo lesions
Bifurcations stenting

Avoid jailing of side branches



IVUS or Stent Enhancement

IVUS X-ray Stent Enhancement

Ease of use + +++

Additional costs + +++

Invasiveness + 4+

Strut visibility ++ ++

Stent expansion +++ +++

Stent morphology ++ +++

Stent apposition +++ +

Quantitativeness +4+ ++

Stentpositioning ++ F++

M. Eng Int J of Card 2009 inpress




Stent positioner (stent-after-stent)

Operator states the planned location of the second stent
relative to the first stent

When stent in place, StentOp is performed and position
relative to planned location is measured (calibration)

Operator is asked whether he needs to modify the
stent’s position

If IVUS/OCT performed, overlap is measured and
compared



