Narrow B-angle is a predictor
of SB closure

Robert J. Gil:2, MD, PhD, FESC
Dobrin Vasiliev?, MD, PhD

1- Mossakowski Medical Research Centre, Polish Academy of Sciences

2- Invasive Cardiology Dept., Central Hospital of the Internal Affairs 23
Ministry, Warsaw, Poland; 3- Cardiology Clinic, “Alexandrovska”
University Hospital, Sofia, Bulgaria @MDM

XI European Bifurcation Club maeeting - Athens, Greace - 25th & 26th September 2015



( Disclosure Statement of Financial
Interest

Within the past 12 months, I Robert J. Gil or my spouse/partner have
had a financial interest/arrangement or affiliation with the

organization(s) listed below.

Affiliation/Financial Relationship

Grant/Research Support
Consulting Fees/Honoraria

Major Stock Shareholder/Equity
Royalty Income
Ownership/Founder

Intellectual Property Rights
Other Financial Benefit

Company

NA

BALTON, Abbott Vascular, Medtronic,
Boston Scientific, Eli Lilly, Astra Zeneca

NA
NA
NA
NA
NA

XI European Bifurcation Club maeeting - Athaens, Greace - 25th & 26th September 2015



\ s

«~  Some concerns regarding basic
bifurcation anatomy

Go back to Murray’s law applied to angulations

between vessels:

THE PHYSIOLOGICAL PRINCIPLE OF MINIMUM WORK
APPLIED TO THE ANGLE OF BRANCHING OF
ARTERIES.

By CECIL D, MURRAY,
(From the Depariment of Biology, Bryn Mawr College, Bryn Mawr))

(Accepted for publication, April 1, 1926.)

In a recent paper! it has been proposed that the total work involved
in the circulation of blood in a section of artery (sufficiently small so
that the pulsating changes in the kinetic energy of the blood stream
in it can be neglected as compared to the work required to overcome
friction) can be expressed by the equation:

<8y
— o+ bt 0

o
E=pf+ bl = —

which embodies Poiseuille’s law of flow and a term which covers the
cost of maintenance of blood volume. p is the fall in pressure in
dynes/em.?, b is the cost of blood volume in ergs/cc. sec. (considered
constant), vol is the volume, r is the radius of the section of artery,
and 7 is the viscosity of whole blood (also taken as “constant’).
At constant flow, f (that is, for any given steady state), and at
constant length of arterial section, /, the total energy, E, is a mini-

mum when:
rth
- @
Substituting for f* in the original equation, we obtain:
Ejl = r(3xb) 3)

Or, to avoid constants, we may use a different unit for E, and write:

(RE)i = r* )
* Murray, C. D., Proc. Not. Aced. Sc., 1926, xii, 207.
835

Murray’s law
3 3* 3

r} Finet’s law
T~ D, = 0.67(D, + D3)

D2
*2.3
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In summary: the smaller SBs occur ~
at LARGER ANGLES;
The larger the side branch the B =
SMALLER is distal between branch g -
an gle ! E:::Tﬁ;al bifurcation
B -
S S S st

Ficure 1. Relation between the area ratio 8 and the asymmetry ratio a based on

. N n a nonsymmetrical bifurcation
the relation between flow and radius in Eq. 6.

1s predicted by the indicated

" Zamir M. J. Gen. Phys. 1976
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COMPLETE CARINA DISPLACEMENT

angle a = 23 deg., cos a = 0.92 -> %DSpred = 92%; observed %DS = 95%

™

Angle alfa

Vassilev & Gil, J. Interv. Card. 2008
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e Correlation between predicted and
observed SB compromise

v 3

1,00

0,80 —
L
c
S
"
® 060
9 0,
o
w
o
S
S 0,40
"
o
m
7

0,20 r=.85

R Sq Linear = 0,722
0,00
T T T T T T
0,00 0,20 0,40 0,60 0,80 1,00
cos ALPHA
%DS =COS o; MLD =ds (1 — cos «)

XI European Bifurcation Club maeeting - Athaens, Greace - 25th & 26th September 2015



'\/‘_ /

Cum Survival

EDE

Value of angle alta and SB size

alpha > 40 degrees

log-rank p = .007

Cum Survival

alpha < 40 degrees
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Natural history of small and medium-sized side
branches after coronary stent implantation

Tudor C. Poerner, MD, Stefan Kralev, MD, Wolfram Voelker, MD, Tim Sueselbeck, MD, Asvin Latsch, MD,
stefan Pileger, MD, Burghard Schumacher, MD, Martin Borggrefe, MD, and Karl K. Haase, MD, FACC Mannbeim,
Germany

Obijective Our purpose was to identify angiographic and procedural predictors for acute and late side branch occlu-
sion after coronary stent implantation.

Methods we evaluated 185 patients with 185 lesions with 255 side branches with a mean reference diameter of
1.45 £0.38 mm; the lesions were covered by 240 stents. Angiographic follow-up was completed in 99 patients with 133
side branches 206 £ 120 days ofter slent implantation and dlinical follow-up was available in 136 pafients. Side branch
occlusion (SBO) was defined as a Thrombolysis In Myocardial Infarction [TIMI) flow <1.

Results Acute SBO affected 54 side branches in 49 patients and was not associated with death or G-wave infarcion.
By logistic regression, independent predictors for acute SBO were (1) the reference side branch diameter (RLD) of baseline
(OR [odds rafio] 0.217, 95% C1 0.07:0.67, P = .008); (2) on osfial side bronch stenosis before stenfing (OR 2.96, 95% CI
1.26-6.95, P=.013); (3] the involvement of the side branch origin within the lesion of the parent vessel [OR 2.77, 95% CI
1.17-6.57, P=.021); and (4} the balloon1o-artery ratio (OR 4.66, 95% CI 1.18-18.42, P = .028). Among the initially
occluded side branches, B1.8% were spontaneously reperfused o follow-up. Late SBO involved 12% of the side branches
without impaired antegrade flow after stenting and was predicied by the initial RLD of the side branch (OR 0.07, 5% CI
0.01-0.8, P= 032). Chronic SBO occurred in 13.5% of cases and was also predicted by the baseline RLD (OR 0.13, 95%
C10.020.8,P=.028)

Conclusions Acute SBO after stenling occurred in 21.2% of cases and had a benign course. Most acutely occluded
side branches underwent late spontaneous reperfusion. A baseline side branch diameter >1.4 mm predicled a preserved
antegrade flow diately after stent impl ion, as well as during follow-up. (Am Heart ] 2002;143:627-35.)

Table V. Incidence and independent predictors for acute and chronic side branch occlusion after coronary stent implantation

The smaller SB reference diameter is

independent predictor of SB occlusion!

Phenomenon Incidence Independent predictors OR 95% CI* P value
Acute SBO 21.2 (54/255) Reference side branch 0.217 0.07-0.67 .008
diameter at baseline
Ostial side branch stenosis before 2.96 1.26-6.95 013
stent implantation
Origin of the side branch within 2.773 1.17-6.57 021
the parent vessel lesion
Balloon-to-artery ratio 4.664 1.18-18.42 028
Spontaneous late reperfusion after 81.8(27/33) None
initial SBO
Late SBO after a good initial result 12 (12/100) Reference side branch diameter at 0.074  0.007-0.80 032
baseline
Chronic SBO 13.5(18/133) Reference side branch diameter at 0.126 0.02-0.80 028

baseline

*95% Cl of OR.
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CORONARY ARTERY DISEASE

Clinical Verification of a Theory for Predicting Side Branch Stenosis
after Main Vessel Stenting in Coronary Bifurcation Lesions

DOBRIN VASSILEV, M.D."? and ROBERT GIL, M.D., Ph.D., EE.S.C."?

From the ' Invasive Cardiology Department, Central Hospital of the Internal Affairs and Administration Ministry, Warsaw, Poland; 2nstitute
of Experimental and Clinical Medicine, Polish Academy of Science, Warsaw, Poland; and 3 Invasive Cardiology Department, National Heart
Hospital, Sofia, Bulgaria

Objectives: To verify in a clinical scenario a theory for predicting side branch (SB) stenosis after main vessel stent
implantation in coronary bifurcation lesions.

Background: Many unresolved issues remain regarding SB compromise when the parent vessel is stented.
Methods: Bifurcation lesions (all Medina types) were subjected 1o angiographic analysis to determine the angle,
defined as «, between the axes of the parent vessel and the SB. Using the prediction that the percent diameter
stenosis (9%DS) is equal to the cosine of angle « and relating it to a formula to determine the minimal lumen
diameter (MLD) led to the following equation: MLD = ds - (1 —cos «); ds refers to the diameter of the SB. The
predicted and observed SB stenosis values following angiography were compared.

Results: Fiftv-two patients with 57 lesions were included in the analvsis. Patient demographics and characteristics
were similar to those in previous studies. There was a high coefficient of determination between the predicted and
observed values of %DS (r = 0.82, P < 0.001) and MLD (r* = 0.86, P < 0.001). We determined a cutoff value
of 70% for predicted 9%DS for SB closure. When using multivariate regression analysis, the only predictor of SB

ostial stenosis after Srmrini was o ani.'el whereas the Emd.fc'rors oi‘ﬁ‘lﬁ “‘i‘ﬁﬁ ﬂ‘ il E‘i i iiﬁ i‘lﬁ ﬁmi E‘ m‘
SB.

Conclusions: Our analvsis shows that the most powerful independent predictor of SB compromise is a new variable
angle a. (J Interven Cardiol 2008;21:493-503)
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YLZ( New classification of bifurcation lesions — based on
risk of side branch occlusion and restenosis
occurence in main vessel

Vassilev, Gil et al. Polish Heart J. 2008 Gil R. et al. J. Interv. Card. 2008
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Model deformations

ON FLOUROSCOPY

Vassilev & Gil J. Geriatr. Card. 2008
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Model deformations

UNDER MICROSCOPE (MAGNIF. 100X) ON FLOUROSCOPY

o —

DISPLACED CARINA

Vassilev & Gil J. Geriatr. Card. 2008
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Without any change in vessel wall
thickness the change from circular to
elliptic shape, with increase in one
diameter of 10% will result in 25-30%
decrease in other diameter

In case of minimal plaque
accumulation there will be a 50%
stenosis in diameter

If the plaque is squeezed during
elliptical deformation a “significant
stenosis” will appear, because of
circular redistribution of SB (no MB
to SB shift!!!)
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v After stenting bifurcation carina is displaced,
SB ostium is stretched and MYV is straighten

Circulation Cardiovasc. Interv. 2010
Courtesy of dr. Koo
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Data from PRESSURE study

/
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Circulation Cardiovasc. Interv. 2010. Courtesy of dr. Koo
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How SB is compromised?

Three types of changes occur after main vessel
stent placement:

1. Carina displacement from stent strut/s

2. Lateral stretching of SB ostium with ellipsoidal shaping and
inside wall invagination
— formation of lateral zones /recesses/ not visible on angio
— increase in proximal MV — SB angle

3. Main vessel straightening
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Carina length/mismatch concept

Importance of carina length for extent of SB compromise

1 -1
T
N / 5 G ,—*rfrl —f
X Wi~ P /
T\., { [ | / \,\ | /| Y .
‘ Va | VYV VIV TR YRraVavas
[ ] (A ~ N YT AAAAX VT [ 1]
[ A p “ | ( / {4 ; ' A I
V| P = | L/ ! ' | j
Carina length excess Carina length deficit

Vassilev et al. CMJ 2012
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.. The role of the CL on deviation of observed
SB compromise from expected according to
cosine formula (84 pts, 92 bitf’s)

Predicted SB % DS minus observed SB %DS
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L CARINA SHIFT vs. PLAQUE SHIFT
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Fig. 4. Positive correlation between AV/AL and AP. Isolated
carina shift defined as AV/AL <1 and AP > 0 was seen in 22
(55%) lesions (yellow area), while plaque shift defined as AV/
AL < 1 and AP > 0 was associated in 18 (45%) lesions (red
area). [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

Kang et al. CCl 2013 do0i:10.1002/ccd.24956
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EBC ORIGINAL ARTICLE

The determinants of side branch compromise
after main vessel stenting in coronary
bifurcation lesions

Dobrin Vassilev', Robert J. Gil? 3, Bon-Kwon Koo?#, C. Michael Gibson®,
Thach Noiwen® Thai Hoano? Nina Gotcheva8

CONCLUSIONS:
The degree of SB jailing seems to be determined by carina deformation, the length of

the carina, and plaque shifting.

VA Healln Lare system, 1ucson, AL, USA, “National Heart Hospital, >C0Tla, Bulgaria

RESULTS:
Bench tests revealed a complex change in the bifurcation region with carina displacement, SB lateral walls stretch and main vessel - SB

proximal angle decrease after main vessel stent placement. In an angiographic analysis, actually measured SB% diameter stenosis was larger
than expected in 35 (38%) lesions and the measured stenosis was smaller than expected in 49 lesions. Independent predictors of difference
between theoretically predicted and observed SB stenosis were carina length mismatch (OR = 2.568, CI 1.336-4.896), main branch reference
diameter (OR = 0.314, CI 0.101-0.972), and proximal main vessel - SB angle change after stenting (OR = 0.926, CI 0.870-0.985). In a plot
comparing the values of carina length mismatch and deviations from the prediction in SB ostial stenosis, 30% (n = 27) of cases were located in
a zone with a shorter carina and more SB compromise than expected, suggesting the role of plaque shift in these cases.
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Current conclusions from the above
data about SB compromise

The narrower angle alpha — angle between proximal MV and SB, the larger SB
ostial stenosis after stent placement

Reasons for this SB compromise are carina displacement, SB ostium lateral
stretching and change in ostial shape from circular to elliptic (Vassilev & Gil 2008,
Yang 2015)

Extent of carina displacement and side branch ostial narrowing after stenting
depends on genetically determined length of the carina, plaque volume and
distribution at SB ostium (SB ostial stenosis before stenting) — plaque shift (more

correctly — SB ostial circular plaque redistribution) occurs in about 40% of cases
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Current conclusions from the above data
about SB compromise

* While carina displacement is a leading deformation for SB ostial
stenosis at narrow B angle, lateral SB stretching plays major role
at larger angulations (larger B angles) for SB ostial narrowing

* The static factor (stent strut area and shape at SB ostium) will
be more important with small SBs (size <2mm diameter) as

stent area became larger relative SB ostial area
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Current conclusions from the above
data about SB compromise

e The EXACT MECHANISM of SB CLOSURE is practically

UNKNOWN. It is possible it is combination of ostial
stenosis increase, ostial obstruction from stent struts,
ostial dissection, local thrombosis and vessel spasm. The
last is highly possible as 70% of all occluded acutely SBs

reopen at FU.
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