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Traditional High Risk PCl Patients

* STEMI /NSTEMI [ Cardiac arrest
* High risk based on Presentation

* Anatomy [ Lesions usually
straightforward




Emerging High Risk PCl Patients

High Lesion Risk with Poor Patient substrate
Less acute presentations: UA/NSTEMI, elective

Complex disease: Multi-vessel disease, Left main,
Calcified vessels, CTO

Elderly, Diabetics, Renal insufficiency, Low EF

Not Eligible for surgery
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« Boden WE et al. NEJM 2007; 356:1503-16
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Transcatheter Valve Therapies

Appropriate Use Score (1-9)
Asymptomatic Ischemic Symptoms

Not on AA Therapy
or With AA On1 AA Drug
Therapy Not on AA Therapy (BB Preferred) On =2 AA Drugs

Patient Who Will Undergo a Percutaneous Valve Procedure (TAVR, MitraClip, Others)

B One- or two-vessel CAD, no proximal LAD involvement, with low-risk noninvasive M (4) M (4) M (6) A (8)
findings

One- or two-vessel CAD, no proximal LAD involvement, with intermediate- or high-risk A7) A7) A(7) A(8)
noninvasive findings

One- or two-vessel CAD, including proximal LAD, with low-risk noninvasive findings M (6) A(7) A(B)

One- or two-vessel CAD, including proximal LAD, with intermediate- or high-risk A7) A(8) A(9)
noninvasive findings

Left main and/or three-vessel disease, with intermediate- or high-risk noninvasive A(8) A(8) A(9)
findings (e.g., SYNTAX =22)

Left main and/or three-vessel disease, with intermediate- or high-risk noninvasive A7) A (8) A(8)
findings (e.g., SYNTAX =22)



PClVolumes

PCI Procedure Volume Changes: 2012-13"2
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Figure 1. PCI procedures in the United States, 2006-2012.

* Overall PCl volumes are expected to continue to decline about 10% in the
coming years

* However those in the Higher risk, more complex subset are increasing and
expected to continue to increase over the next 20 years

 As aresult the case mix for PCl volumes is projected to have a major shift

Centers for Medicare & Medicaid Services. MedPAR claims 2012-2016; PCl volumes under consideration include MS-DRGs 246-249; Complex PCls include MS-DRG 246, 248.



CAD Prognostic Index

Extent of CAD|
1-vessel disease, 75%
1-vessel disease, 50% to 74%
1-vessel disease, =95%
2-vessel disease
2-vessel disease, both =95%
1-vessel disease, =95% proximal LAD artery
2-vessel disease, =95% LAD artery
2-vessel disease, =95% proximal LAD artery
3-vessel disease
3-vessel disease, =95% in =1 vessel
3-vessel disease, 75% proximal LAD artery

3-vessel disease, =95% proximal LAD artery

*Assuming medical treatment only.

High Risk Patients

Prognostic
Weight
(0-100)

23
23
32
37
42
48
48
56
56
63
67
74

5-Year
Survival
Rate (%)*

93
a3
21
88
86
83
83
79
79
73
67
59

* Previously patients deemed high
surgical risk or inoperable were
often relegated to medical therapy
despite severe multi-vessel CAD

* Historically when PCl was offered it
was often incomplete
revascularization — High grade, low
complexity lesions were “Cherry-
picked” whereas more complex
anatomy left behind




Complex Patients

* Thereis a large underserved population that can benefit from
revascularization

» Highest risk patients often have the greatest incremental benefit
from treatment but simultaneously are the least desirable to treat
based on elevated procedure risk (Risk / Treatment Paradox)

* The indications for the case do not change just because the lesion
is “harder to treat”

* Rather than focusing just on low-risk patients who may be “easy to
treat”, we need to focus more on higher risk patients that have the
most to gain.



CHIP (Complex Higher-Risk & Indicated Patients)

Patient Complex
Comorbidities Comfgligre\{a@erterv

= Surgical Ineligibility = Multi-Vessel Disease

= Prior Cardiac Surgery = Distal Left Main Disease
» Heart Failure = Complex Lesions

= Diabetes (Bifurcation, Calcification)
» Advanced Age = CTO Retrograde

= Unstable Angina/NSTEMI

= Renal Insufficiency

Hemodynamic
Compromise

» Mild, Moderate, Severely
Depressed Ejection Fraction
= High LVEDP




CHIP Patients

* "PCl certainly isn't becoming easier”
- Every Interventionalist I've ever met

* The risk/benefit equation can be modified with appropriate case
selection, the correct training in advanced techniques, and use of
appropriate devices/equipment
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CHIP Program

* Heart team approach

* Specialized operator skills and
training

* Institutional support and
resources

* Given the high risk nature of
these cases, anything short of
such a comprehensive program
will yield inadequate or
suboptimal results.

The Expanded Heart Team

General practitioner

Referring physician .Cllnlcal. Geriatrician

/" cardiologist
(non interventional)

Pneumologist Nephrologist

The patient
with complex
CAD and
comorbidity

o Rehabilitation
Anesthesiologist specialist

Diabetologist Neurologist



Left main/MVD Case

* 86 year old man with hx of HTN, HLD, PAD, Ex-smoker
* CAD with hx of PCl of LAD in early 90's
* Admitted to hospital with 3 day hx of increasing chest pain

* Normally active - plays tennis several times per week but has had
decreased exercise tolerance over past month

* ECG without acute ischemic changes
* Troponin elevated to 3.5
 Referred for cardiac catheterization



oronary angiogram




Coronary angiogram




Echocardiogram







Heart Team discussion

STS Score

* CKD with baseline Cr 1.5

ho sh d 0 ith * Risk of Mortality: 7_295%
Eﬁteorisorof:/;//?)ollzi\éggi?ﬁ it * Morbidity or Mortality: 50.354%

« Abnormal carotid US —> CTA * Long Length of Stay: 21.37%
showed> 95% Right ICA stenosis ¢ Short Length of Stay: 12.104%

e Permanent Stroke: 5.76%

* Prolonged Ventilation: 41.64%
* DSW Infection: 0.437%

* Renal Failure: 20.602%

* Reoperation: 12.13%



Coronary Intervention




Coronary Intervention




Coronary Intervention




Coronary Intervention




3)

4)

Criteria for choosing

Surgical Risk (STS score)

Anatomical complexity of CAD
(SYNTAX score, Left main disease)

Anticipated completeness of
revascularization

Presence of Diabetes

PCl or CABG

FAVOURS PCI

Clinical characteristics

Presence of severe co-morbidity (not adequately reflected
by scores)

Advanced ageffrailty/reduced life expectancy

Restricted mobility and conditions that affect the
rehabilitation process

Anatomical and technical aspects
MVD with SYNTAX score 0-22

Anatomy likely resulting in incomplete revascularization
with CABG due to poor quality or missing conduits
Severe chest deformation or scoliosis

Sequelae of chest radiation

Parcelainaorta®

FAVOURS CABG

Clinical characteristics
Diabetes

Reduced LV function (EF £35%)
Contraindication to DAPT

Recurrent diffuse in-stent restenosis

Anatomical and technical aspects
MVD with SYNTAX score 223

Anatomy likely resulting in incomplete revascularization
with PCI

Severely calcified coronary artery lesions limiting lesion
expansion

Need for concomitant interventions

Ascending aortic pathelogy with indication for surgery
Concomitant cardiac surgery




L eft main disease

e Primary Endpoint

Death, Stroke or Ml at 3 Years

25%
—— CABG (n=957)
— — PCI (n=948)
é 20% —|
=
f. 15.4%
Q 1% 114.7%
Q
X
[e]
=5
h 10% -
=
= HR [95%CI] =
A 5% 1.00 [95% ClI: 0.79, 1.26]
P=0.98
0%—|
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01 6 12 24 36
No. at Risk: Months
PCI 048 896 875 850 784 445
CABG 957 868 836 817 763 458

Stone GW et al. N Engl J Med 2016;375:2223-5



Revascularization for Three vessel disease

HR 120, 95% CI 1.06-1.37; p=0-0038

Death, myocardial infarction or stroke

3-Vessel Disease

SYNTAX 1.64 [1.22, 2.20] + 15.5%
FREEDOM 1.36 [1.10, 1.68] e 19.6%
BEST 1.26 [0.84, 1.89] 11.1%

46.2%
Fixed effect model 1.42 [1.21, 1.66] p<0.001

Random effects model 1.42 [1.21, 1.66] p<0.001
Q=1.410, I’=0%, 1?=0, p=0.494
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Number at risk Follow-up (years)

CABG 5765 4994 3761
PCl 5763 5101 3853

Giacoppo et al. JAMA Cardio 2017 Oct 1;2(10):1079-1088. Head SJ et al., Lancet 2018; 391: 939-48



5-year all-cause mortality after PCl vs CABG
according to coronary complexity

HR (95% Cl)

PCI
All

8.8%

12.4%

16.5%

0 1 2

Head SJ et al., Lancet 2018; 391: 939-48



5-year all-cause mortality after PCl vs CABG
according to diabetes

HR (95% Cl)

PClI CABG
All
Diabetes : 10.7% 0.0001
No diabetes : 8.4% 0.81

Diabetes ) 10.0% 0.0004
No diabetes i 8.0% 0.49

Diabetes ) 13.4% 0.11
No diabetes ) 9.6% 0.65

0 1 2
PCI better CABG better

Head SJ et al., Lancet 2018; 391: 939-48



Multi-vessel CAD

Recommendations according to extent of CAD

Three-vessel CAD without diabetes mellitus

Three-vessel disease with low SYNTAX score (0-22).

Three-vessel disease with intermediate or high SYNTAX score
(>22).2

Three-vessel CAD with diabetes mellitus
Three-vessel disease with low SYNTAX score (0-22).

Three-vessel disease with intermediate or high SYNTAX score
(>22).2

CABG

Guidelines

PCl

El -
A

A
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K -

3 PCl should be considered, if the Heart Team is concerned about the surgical risk or if the patient

refuses CABG after adequate counselling by the Heart Team.

Left main

Recommendations according to extent of CAD _

2PCl should be considered, if the Heart Team is concerned about the surgical risk or if the

patient refuses CABG after adequate counselling by the Heart Team.

2018 ESC/EACTS Guidelines on myocardial revascularization. European Heart Journal (2018) 00, 1-96



Calcified Coronary artery disease

¢ Q e n a | d I S e a S e ACC/AHA Lesion Classification % of Patients with Calcified Lesions*
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* As reported to NHLBI Dynamic Registry.

Bortnick, et. al. Am J Cardiol 2014;113:573-579.



Complications with Calcified coronary lesions

* Difficult to completely dilate

* Prone to dissection or even
nerforation during balloon

* Prevent stent delivery to the
desired location

* May prevent adequate stent
expansion

* Higher risk of procedural failure
and more MACE during long
term follow-up O




Coronary Calcium is a predictor for worse clinical outcomes
after PCl

7 DES Trials — 6,296 patients

Independent core lab (Cardialysis, Rotterdam)
20% of patients had severe coronary calcification
Outcomes at 3 years

W Not Severely Calcified (N=5005)

W Severely Calcified (N=1291) P<0.001

31.8%

P<0.001
22.9%

P<0.001

10.8%

Death/MI Death/MI/ Any Revasc

Bourantas CV, et al. Heart. 2014 Aug;100(15):1158-64.



Imaging of Coronary Calcium

“Tram-track” sign IVUS showing a highly OCT showing a highly
on Angio X-ray calcified lesion (>2Q) calcified lesion




Case — Calcified disease

* 67 year old man with hx of HTN, HLD, DM2, Ex-smoker (quit 2
years ago)

* CAD with hx of LAD stenting several years ago

* PVD with hx of Aorto bifem bypass, bilateral SFA occlusions, and
|eft carotid occlusion

* Presents with chest pain and dyspnea with minimal activity (CCS
1) despite GDMT with Toprol XL 5o mg, Imdur 30 mg, Ranexa 500
mg bid, ASA 81 mg, Plavix 75 mg, Simvastatin 40 mg

* Echo: LVEF 40% with severe inferior hypokinesis
* Nuclear stress test: Large inferior ischemia




Coronary Angiogram




Coronary Angiogram




Coronary Intervention




Coronary Intervention




Treatment for Severely Calcified Lesions

Atherectomy: ROTAPRO Rotational Atherectomy System = DIAMONDBACK 360: Coronary Orbital
Atherectomy System

Improvements:
. Dynaglide F
* Easier to learn & use (no foot o O DT:;; Foatiren "
peda!) OFF button -l 'F'cro econd feedback
» Easier to set up (COHS olidated Dynaglide activation button

"~ Eccentric

~
cables)
 Allows single operator use = 2
_— . diamond coated

Burr activation button on advancer

knob
6Fr Guide
diamond coated burr Compatible Electric motor
Brake . powered
handle
release =

D 1.25 mm- 2.5 mm
by (0.25 mm increments)
button

NI

NC balloons Cutting balloon Angiosculpt Disto o eerencs | a7y / i
- 4 : 4 A




Orbital atherectomy system







Severe LV dysfunction

* Commonly seen in patients with Left main and/or Multi-vessel CAD
* One of the strongest predictors of morbidity and morality
* Significant increases risk with surgical revascularization

* Also can significantly increase risk with PCl due to limited ability to
tolerate any hemodynamic compromise

* Therefore, the prophylactic use of circulatory support should be
considered when a high risk of hemodynamic compromise exists



Systolic dysfunction case

* 84 year old lady with hx of HTN, DM2 who presents with several
week history of progressive chest pressure and dyspnea with
minimal exertion.

* She lives in NJ and here visiting family. She lives independently,
participates in community activities and last year took at trip to
Europe without any difficulties

* Admitted to OSH: ECG antero-lateral ST depression. CXR
pulmonary congestion

* Troponin = 2.1, BNP = 1670
* Echo: LVEF 30-35%, mild-moderate MR



Cardiac catheterization




Cardiac catheterization




Heart team discussion

* STS Risk: CABG
* Mortality: 10.5%

* M&M: 38.8% * Discussion with patient and

: family — decided to proceed with
° 0)
PermanentiClsEtie high risk PCl with percutaneous

* Prolonged Vent: 33% hemodynamic support
* Renal Failure: 6.6%

* Reoperation: 11.1%

* Actual risk was thought to be
higher after frailty testing






Impella Percutaneous Hemodynamic Support
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Coronary intervention




Coronary intervention




Coronary intervention




Coronary intervention




PROTECT Il Study

PROTECT Il Study

Unprotected LM and LVEF< 35%
Or
3 VD and LVEF = 30% (N=448)

Prophylactic
Support:
| REQUIRED
\
IABP + PCI v  IMPELLA+PCI

30 day Major
Adverse Events

-

F/U: 90 day Major
Adverse Events

MACCE (%)

307

257

207

157

101

PROTECT Il MACCE**

Per Protocol Population, N=427

IABP

Death, Stroke, M|,
Repeat revasc.

IMPELLA

Log rank test, p=0.04

10 20 30 40 50 60 70 80 90
Time post index procedure (days)

**Using x8ULN threshold for biomarkers or Q-wave for Peri-procedural Ml

(Stone et al Circulation 2001;104:642-647)



PROTECT ISTUDY

LVEF Improvement Post PCI

p<0.001 33 % 11
22%
27%%9
Baseline 90 days
LVEF (%)

N=304 patients with LVEF measurements available at baseline and 90 days

Improvement in Quality of Life Post

NYHA Class Improvement Post Procedure

31%

7%

p<0.001

58% Reduction
in Class lI,IV

30%

44%

Baseline

O’Neill WW et al. Circulation. 2012 Oct 2:126(14):1717-27

90 days

! Class IV
ﬂ Class Il
D Class Il
|:| Class |



Protected PCI Algorithm

Heart Team Discussion

Complex PCI
Unprotected Left main
Complex Multi-vessel disease
Atherectomy of Large vessel
PCl of Last patent vessel

+

LVEF < 35%
or
Severe Aortic stenosis

Adequate lleo-femoral anatomy

Yes

Femoral placement
- Pre-close with Proglide x 2
- Impella CP or Impella 2.5

No

Alternate Access
- Axillary
- Transcaval




Conclusions

* There is a growing population of higher risk patient with complex
coronary artery disease — many of whom will benefit from
revascularization, and many who are currently undertreated

* A collaborative Heart Team discussion is of paramount importance
when devising a revascularization strategy

* For interventional cardiologists, training in specialized procedural
and cognitive capabilities is necessary to achieve successful & high
quality PCl in these complex subsets

* Advances in technology (eg. Percutaneous ventricular assist device)
has allowed to us to perform these high risk procedures in a much
more controlled and safer setting
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