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Factors governing SB compromise

(significant, anatomical and functional, steno$iSBA ostium after MV stenting)

o

* Plague shift

o Ostial spasm

« Ostial dissection

e Local thrombosis

« Stent strut obstruction

e Carina displacement (shift)
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Vassilev D, Gil RJ, etal. Am J Cardiol 2007; 100 (8); S73

%DS = cos
MLD =ds x (1 — cos
)



In group of 55 patients, 62 bifurcation lesions

applying rule for full carina displacement

Observed side branch MLD
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Prediction of SB stenosis after MV stenting

Angle %DS
96,59602
93,97531
90,64012
86,61581
81,93296
40° 76,62719
45 70,73883
50° 64,31264
550 57,3975
60° 50,04597
65° 42,31394
70° 34,26021
75 25,946
80P 17,43452
85° 8,790494
9P 0,079633




Bench Test Verification

Microscopic observations with up
to 300 x magnification

Materials for test - soft polyethilene, deformable elastic, with characteristics close to
vessel wall, wall thickness — 0.4 mm, MV 3.5 mm, MB.0 mm, SB 2.5 mm. All stents
implanted — Chopin2, Balton, PL; model used: 45 degres between branch angle



Model deformations with stent Luc — Chopin, PES (Balton, Poland)

Vassilev D, Gil RJ: J Geriatr CardioR008; 5(1):43-49

On fluoroscopy Under microscope (magnif. 100x)




Changes after main vessel stent
placement

1. Carina displacement from stent strut/s
2. Lateral stretching of SB ostium with ellipsoidalaping:

formation of lateral zones not visible on angiography

Increase in proximal MV — MB angle

3. Main vessel straightening



Extent of carina displacement is a predictable evér

Bifurcation as the construction according to pringie of minimal surface at bifurcation site

Vassilev & Gil J Geriatric Card 2008 June

=ds/tg ,k=r Xsin( - ’)=ds X sin( - ’)/tg DLDp=y2+(y1-b),
MLD=ds — k = ds(1-sin( - /tg ) b=r x sin '=ds x(sin '/tg ),
%DS=1- (MLD/ds) = sin( - ’)/tg yl=ds x tg ,y2=dm x cos (A- ).

DLDp=dm x cos (A- ) +ds((sin —sin ")/tg
)



Parameters for Side Branch ostial
stenosis

- if there is full carina displacement

%DS = cos
MLD =ds x (1 —cos )

- Iif there Is partial carina displacement
DS =sin( - f/tan( )
MLD =ds x (1 - %DS)

It must be emphasized that the resulting stenosis ijust a result of flow divider displacement, becase of
geometric reconfiguration resulting from stent pla@ment. If however, there is a plaque at the SB's asin
that will be added to the calculated values and cddilead to SB closure.

Vassilev & Gil J Geriatric Card 2008 June



COMPLETE CARINA
DISPLACEMENT



Clinical verification

84 patients, 92 Dbifurcation Ilesions were
angiographically analyzed for recognition of
factors associated with carina deformation —
responsible for deviation from theoretical
predictions



Predicted— observed SB
compromise/closure




Predicted— observed SB %DS is
highly associated with SB closures




| ndependent predictors ofSB closure

Multivariate logistic regression

Model parameters: SB diameters (reference, minimaJ)SB lesion éngth,
distal branch angle, angle alpha, stent diametermplantation pressure,
distal limb diameter, MB/SB reference diameters raib, angle B ©iange
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|ndependent predictors of
negative SB %DS difference

Multiple linear regression

model parameters: MV lesion length, SB RVD, MB/SB diameter
ratio, MLD SB, SB%DS, distal branch angle change, MV acute
lumen gain, stent diameter

1. SB MLD: negative
2. Plague length ratio (MV/MB) below0% negative
3. MB/SB diameters ratiacnegative



ROC curve analysis
the best independent predictors

Independent predictor for negative difference of
predicted and observed SB%DS

< 44°
(sensitivity 68%, specificity 82%)

Independent predictor for SB occlusion (any)
<40°
(sensitivity 76%, specifictly 81%)




ROC analysis for effects of SB MLD and SB %DS
post stenting on periprocedural myonecrosis

Michalek et al., TCT 2009

SB %DS >71% post stenting reveals
increase in TnI>2xULN with sensitivity
56%, specificity 80%, p = .027, AUC
88%.

ensiti

1 - Specificity

SB MLD <0.83 mm post stenting

reveals increase in TnI>2xULN with
sensitivity 60%, specificity 78%, p =
? oi- 016, AUC 90%.

ensitivity




Independent predictors of SB restenosis
(multivariate analysis)

Main branch acute lumen gain(OR =4.634, Cl 1.229 — 17.480, p = .024)

Change in angle A after stent implantation(OR = 1.137, Cl 1.037 — 1.246,
p= .006, cut-off value >4° decrease after stentkdgC 73%, sensitivity 70%,
specificity 58%, p = .007)

Gil RJ, Vassilev D et al.: J Interv Cardiol 2009, Oct



Multivariate predictors of in-stent restenosis

(Model entry parameters: age, MB RVD, MB lesion length, MBSB RVD ratio, angle , angle B before stenting,
angle A and C changes after stent implantation, MB final NLD, lesion location, stent length, DES usage, kissing

balloon inflation)

Predictor Odds ratio Cl P

MB RVD .019 .001 - .526 .018

MB lesion length 1.252 1.022 - 1.534 .030
—angle 758 .601-.955 019>

DES usage .004 .000 - .430 .020

Negative T-ASB%DS .004 .000 - .439 021

The ROC curve analysis revealed that anglalue below 36 degrees has 77% sensitivity and 63% specificity
(AUC = 79%, p = .001) for predicting significant in-stent restds. Angle values below 40 degrees had

sensitivity of 100% and 53% specificity for prediction of eesgtsis in MV - MB.
Gil RJ, Vassilev D et al.: J Interv Cardiol 2009, Oct



Multivariate predictors of MACE at 1 vy follow-up

The model included: age, MB lesion length, MB final MBalRer stenting, angle alpha, angle A change after stenting,
stent length, DES usage, KBI, lesion vessel locatiegative T-ASB%DS

Predictor Odds ratio ClI P

MB lesion length 1.27 1.035-1.56 .022
< angle .833 .695 - .999 048——

angle A change 1.203 1.012 -1.43 .037

DES usage .046 .002 -.942 .046

Kissing balloon 027 .001 - .943 .046

inflation

On ROC curve analysis: anglevalue below 38 degrees had 68% sensitivity and 87% spegcifigiredicting MACE

events (AUC 83%, p < .001); for MB lesion length cut-off vadib®ve 8mm had 66% sensitivity and 67% specificity
(AUC 67%, p = .05)

Gil RJ, Vassilev D et al.: J Interv Cardiol 2009, Oct



Kaplan — Meier survival curve for MACE rates at 1y

follow-up in patients with angle alpha below and moe
than 40 degrees.

1,0
alpha > 40 degrees

0,8

log-rank p = .007

— 0,6
©
=
= L
=3
w
e
S
O 0,4
alpha < 40 degrees
0,2—

0,0

| | | | |
5,00 10,00 15,00 20,00 25,00

FOLLOWUP, months

Gil RJ, Vassilev D et al.: J Interv Cardiol 2009, Oct



Conclusions

Carina displacement is probably the main mechanisnfor SB compromise/closure
and this may be predicted (!!!).

The link between carina displacement and SB closuress angle alpha, with cut-off
value for high closure risk below 40 degrees

Several predictors of negative difference (SB MLD, flaque length ratio MV/MB and
MB/SB diameter ratio) were identified together with the importance of MV — SB
distal angle alpha value.

Angle alpha (carina angle) is likely to be the preditor (with cut-off value below
40degree) of the periprocedural complications andohg-term results (among others
angiographic restenosis) in patients with bifurcatn lesion treated with only one
stent in main vessel.



Procedural characteristics
(84 pts, 92 bifurcation lesiohs

Affected vessel - lesions N (%)
LAD / Diagonal 67 (73)
MV predilatation 41 (45)
SB predilatation 32 (35)
Predilatation of both branches 22 (26)
Stent used 94
DES 51 (54)
Stent diameter 3.3x04
Stent length 21+9
Stent — MB artery ratio 1.17 £0.38
Stent — MV artery ratio 0.97 £0.13
Implantation pressure 15+3
Kissing balloon inflation




Bifurcation lesion — still challenge for
Interventionalist...

The complex changes in bifurcation
region anatomy caused by stent
implantation are difficult to explain with
a plain term “carina displacement / shift”
— we propose to call this phenomenon
carina region deformation



Factors influencing expected carina
deformation

|.  Carina length mismatch (deficit, excess) — geneti&nd/or plaque
vessel remodeling

II. Vessel wall composition — wall stiffness & thickmss, plaque
accumulation

lll. Stent factors — size, cell shape, strut's thickass and hardness,
Implantation presssure, position between stent cedtruts and
carina shape/ SB ostial shape



Multivariate independent associates of deviation ofSB
%DS after stenting from predicted (based on optimaty
construction)

e Carina Length E/D — OR 3.931, CI 1.561 —9.903, p = .004

 Angle B change — OR .920, CI .867 - .977, p = 006
 MB distal limb diameter — OR .297, CI .094 - .934, p = .038

(Model parameters — Carina Length E/D, PV lesion length, PV
%DS, stent diameter, PV acute lumen gain, angle B change, MB

distal limb diameter, angle A



