Cardiovascular & Thoracic Research

What’s New and Exciting?
Keith B. Allen, MD
Director of Surgical Research
St. Luke’s Mid America Heart and Vascular Institute
Kansas City, Missouri
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Agenda

» Cardiac

»  Percutaneous Heart Valves (TAVI)
Sternotomy Closure with Rigid Fixation
Ventricular Assist Devices

Stem Cell Therapy
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»\Vascular
o  Critical Limb Ischemia with Stem Cells
*» Endovascular Stent Grafting (TAVAR, EVAR)



Percutaneous Aortic Valve Replacement
Current Status and Future Directions
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- Aortie Sterosis-----Dissase of Acjiric]

AuTumn YYEARS
DATING AGENCY

" It says here that you'd prefer someone with
regular bowel movements..Does it matter if
they're involuntary 7 "




Mormal Aortic sclerosis Mild-to-moderaté aortic stenosis Severe gortic stenosis



- lmoortancs of Syrmotorms

Onset severe symptoms

Latent period ‘ Failure
(increasing obstruction,
myocardial overload)

Average survival (yr)

Average age
death (male)
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Edward’s pericardial St. Jude Medical, Inc
Magna® valve valve



"I don't think we're in
Kansas anymore, Toto!




- Peroutansouys AVR

Antegradeglranss



PARTNER Trial: Edwards Lifesciences

Patients with severe, symptomatic AS
High-risk for AVR (n=1057)

\ 4

High risk surgical candidate
(Predicted mortality >10%)

'
Perc Surgical
AVR AVR

N=699
1° endpoint = 1-year mortality
Non-inferiority comparison

2° endpoint: death, MI, stroke

Y

Non-surgical
candidate
v v
Perc Continued
AVR medical Rx
N=358

1° enapnint = 1-vear survival
Superiority comparison



Percent of Patients

25% of patients had STS score 2 15%
>60% had STS score >10%

40% A 38%
30% A 26%
19%
20%
11%
10% - A
0%
0-4.9 5.0-9.9 10.0-14.9 15.0-19.9 >=20

STS Score



Additional demographics not accounted for in STS score
» Porcelain aorta

» Cirrhosis
» Chest wall radiation




All Cause Mortality @
Inoperable

All-cause mortality (%)

100 -

80 -

= Standard RX
m— TAVR

6 12 18 24
Months




Death

All (%)

Cardiovascular (%)
Repeat hospitalization (%)

Death (all) or repeat hosp (%)

Stroke or TIA
All (%)
TIA (%)
Minor stroke (%)
Major stroke (%)
Death (all) or major stroke (%)

Myocardial infarction
All (%)
Peri-procedural (%

Standard

VA\YA P-value
RX
5.0 2.8 0.41
4.5 1.7 0.22
5.6 10.1 0.17
10.6 12.3 0.74
6.7 1.7 0.03
0] 0] )
1.7 0.6 0.62
5.0 1.1 0.06
8.4 3.9 0.12
0] 0]
0] 0]

Tay) Standard o o6
Rx
30.7 49.7  0.0004
19.6 419 <0001
22.3 441  <.0001
425 704 <0001
10.6 4.5 0.04
0.6 0 1.00
2.2 0.6 0.37
7.8 3.9 0.18
33.0 50.3 0.001
0.6 0.6 1.00
0 0




PARTNER Trial: Edwards Lifesciences

Patients with severe, symptomatic AS
High-risk for AVR (n=1057)

\ 4

High risk surgical candidate
(Predicted mortality >10%)

'
Perc Surgical
AVR AVR

N=699
1° enugoint = 1-year mortality
Non-inferiority comparison

2° endpoint: death, MI, stroke

Y

Non-surgical
candidate
v v
Perc Continued
AVR medical Rx
N=358

1° endpoint = 1-year survival
Superiority comparison



Primary Endpoint: ;)s;RTNER
All-Cause Mortality at 1 Year ( “““““

0.5 - HR [95% CI] =
LRSS 0.93 [0.71, 1.22]
sl =—AVR P (log rank) = 0.62
26.8
0.3 T
0.2 -
0] | | | |
0] 6 12 18 24
No. at Risk Months

AVR 351 ASY: 236 139 65



Neurological Events at 30 Days and 1 Year

All Patients (N=699)

30 Days

1 Year

Qutcome WT‘;EB) (N‘:V:;RSI) p-value (NT‘:‘::ZB) m‘i‘g’;ﬂ) p-value
All Stroke or TIA-no. (%) | | 19(5.5) 8(24) 004 | 27(83) 13(4.3) 0.04
TIA — no. (%) 3 (0.9) 1(0.3) 0.33 | 7(2.3) 4(15)  0.47
All Stroke — no. (%) 16 (46) 8(24) 012 | 20(6.0) 10(3.2) 0.08
Major Stroke — no. (%) 13(38) 7(21) 020 | 17(51) 8(24) 007
Minor Stroke — no. (%) 3 (0.9) 1 (0.3) 0.34 3 (0.9) 2 (0.7) 0.84
Death/maj stroke — no. (%) 24(6.9) 28(8.2) 052 | 92(26.5) 93(28.0) 0.68




Aortic Insuffiency and Mortality
TAVR Patients

‘QB;RTNER

70% -
= None - Trace p (log rank) < 0.001
. Mod-Severe Al
60% | = Mild _ Als
- \oderate - Severe 50.7%
50% -
Mild Al
2 40% -
S
S 30% -
None-Trace Al
20%
10%
0% | T | T 1
0 5) 12 18 24 30 36
Months Post Procedure
Numbers at Risk
None-Tr 135 125 115 101 68 31 11
Mild 165 139 121 111 71 33 16
Mod-Sev 34 25 22 19 15 6 2




TRIAL

TAVR Admission Costs @ BARTNER

$78,540
$80,000 -
$60,000 - $30,756 Mean (median) LOS (days)
ICU 4.0 (2.0)
Non-ICU 6.1 (5.0)
$40,000 -
___Hospital Costs: Total 10.1 (7.0)
$73,563 Post-Procedure 8.6 (6.0)
i $42,806
$20,000 (N=175)
$0 —
Index Admission Costs
® Procedure = Non-Procedure

m MD Fees



TAVR: Next Steps

 Novel devices essential to overcome current
procedural and technical hurdles

— Lower profile = smaller sheath size

— Repositionable

— Embolic protection

— Reduced Al > essential for treating lower risk patients

o Continued development of alternative access sites for
patients with poor femoral access

—  Subclavian/Axillary
— Direct aortic



Rigid Sternal Fixation






Rigid Fixation in Sternal Closure

 Rigid fixation used by all
SpECialtieS Ortho ™ Spine Craniofacial | ¥ Cardiac

Round Holes
Straight Plates

Neurosurgical
Plates

* Suture wires remain
primary method of closure
for cardiac surgeons

— Low rate of perceived sternal
wound complications

Craniofacial Miniplates

Stemal Plates

1940 1950 1960 1970 1980 1990 2000 2010

- LOW COSt ixation techniques in nearly every ofher bone, and the numerous advances that have
oCeurT e,
— Training




Rigid Fixation Supports Bone Healing

* Bone healing requires
— Approximation
— Compression
— Rigid fixation

 Movement/bony separation
can result in
— Nonunion
— Pain
— Complications




Rigid Sternal Fixation

» Developed by cardiothoracic
surgeons for primary sternal
closure

— Improved stability compared to
wire closure

— Less sternal separation
— Improved bone healing

o Simple surgical technique
— Approximate sternal halves

— Rigidly fixate with plate/screw
contructs




/vy THEANNALS OF
-2 THORACIC SURGERY

Sternal Closure With Rigid Plate Fixation Versus
Wire Closure: A Randomized Controlled

Multicenter Trial

Jaishankar Raman, MD, PhD, Sven Lehmann, MD, Kenton Zehr, MD,
Brian J. De Guzman, MD, Lishan Aklog, MD, H. Edward Garrett, MD,
Heber MacMahon, MB, BCh, Brian M. Hatcher, PhD, and Michael S. Wong, MD

Department of Cardiothoracic and Vascular Surgery, Rush University Medical Center, Chicago, Illinois; Department of Cardiac
Surgery, University of Leipzig Heart Center, Leipzig, Germany; Division of Cardiothoracic Surgery, Scott and White Clinic,
Temple, Texas; Department of Cardiovascular Surgery, St. Joseph's Hospital and Medical Center, Phoenix, Arizona;
Cardiovascular Surgery Clinic, Memphis, Tennessee; Department of Radiology, University of Chicago Medical Center, Chicago,
Mlinois; Biomet Microfixation, Jacksonville, Florida; and Division of Plastic Surgery, University of California Davis Medical Center,
Sacramento, California

U n E S u rg eu " 0 n e Pati Ei nt L] Confidential & Proprietary. Do not copy, distribute, or circulate. This material is intended for Biomet Microfixation sales force and associates only. It is not intended for surgeon or patient distribution.



6 Month CT Scans

Mean Score: 2.2

Mean Score: 4.0

Raman et al. Sternal Closure with rigid plate fixation versus wire closure: A randomized controlled multi-center trial. Annals Thor Surg 2012; 94:1854-61.
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Sternal Blu Clinical Study
-

Study Design Prospective, randomized, controlled trial

Groups Investigational: Sternal Blu
Control: Wire Cerclage

Primary Endpoint Bone healing via CT scans

Secondary Endpoints Post op pain and narcotic usage, quality of life, RTW, 6 month
costs, complications

Inclusion/Exclusion Elective cardiac surgery patients excluding certain high risk

Criteria patients

Surgical Technique Midline sternotomy

Variable plating and wiring configurations

Follow-up Schedule Pre-op, POD 1 — Discharge, Discharge, 3 weeks, 6 weeks, 3
months, 6 months

Sites/Sample Size 236 patients (8-12 sites)

LN T I
U ne S u rg eon D ne Patl g nt 8 onfidential & Proprietary. Do not copy, distribute, or circulate. This material is intended for Biomet Microfixation s;!les ;o"rcé I.a‘mli Iasscciates only. Itis not intended for surgeon or patient distribution.
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@@ Saint Luke’s
(™ ™) MID AMERICA HEART INSTITUTE

Mechanical Circulatory Support
Emerging Technologies
























@@ Saint Luke’s
[3' ®) MID AMERICA HEART INSTITUTE

Future Directions

» Wireless Electricity, fully implantable systems- WITRICITY
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lﬁ CirculLite






Diffuse Vascular Disease




Diffuse Coronary Artery Disease
Impact On Management Decisions

W

CCS Class IV patients managed
medically have a mortality rate of
13%/year with a five year survival
sy of only 35%.

Allen, et al. Ann Thorac Surg 2004

i 5
dl,q"" 'l"‘_‘;

When quantified, diffuse CAD is a
strong independent predictor of
operative mortality

Graham, et al. JTCVS 1999

Incomplete revascularization due

to diffuse CAD is an independent

predictor of operative mortality
Osswald, et al. Eur J CT Surg 2001




Demographically “Case-Matched”

Patients
Same STS Predicted Risk




Cell Product

Cell Retention
Differentiation

Tissue

Status  <d——-

Delivery
Method




CARDIAC DISEASE
TREATMENT WITHAUTOLOGOUS BONE MARROW CELLS

Chronic Ischemia

Acute MI CHF

Paracrine Effect Autocrine Effect

L) SAFE «F

Assmus NEJM 2006 Patel JTCVS 2005 Schachinger NEJM 2006




BONE MARROW ASPIRATION CONCENTRATE: A RAPID, POINT OF CARE DEVICE
FOR OBTAINING AUTOLOGOUS STEM CELLS FOR CELL-BASED THERAPIES

Keith B. Allen, MD'; Guillermo Reyes, MD?; A. Alegre, MD?; Beatriz Aguado, MD?; A. Michael Borkon, MD';
R. Scott Stuart, MD'; Emmanuel Daon, MD'; Alexander F. Pak, MD'; George L. Zorn, MD'; Juan Duarte, MD?
1Saint Luke's Mid America Heart Institute, Kansas City, MO, USA; 2La Princesa University Hospital, Madrid, Spain

Cytotherapy (Suppl 1):2008 Vol 10:124

Plasma

MNC'’s _
(stem cells)
,;. }RBC’S

20cc Concentrated MNC'’s
3.2 billion MNC’s

120cc 15 minutes 21 million CD34+

Bone Marroy/™—————f— 125,000 CD133+




Bone marrow laser revascularisation for treating refractory angina due
to diffuse coronary heart disease™

Guillermo Reyes®”, Keith B. Allen®, Beatriz Aguado€, Juan Duarte?

*Department of Cardiovascular Surgery, Hospital Universitario La Princesa, Madrid, Spain
®Department of Cardiothoracic Surgery, Mid America Heart Institute, St Luke’s Hospital, Kansas City, MO, USA
“ Department of Haematology, Hospital Universitario La Princesa, Madrid, Spain

European Journal of Cardio-thoracic Surgery 36 (2009) 192194




Critical Limb Ischemia: Defined

» Rest pain or nonhealing ulcers/gangrene

» Toe pressures <30mm Hg and/or Tcoms <30




Patient status 6mo
after CLI diagnosis

Alive without
Amputation
EeC N

Alive with

Amputation
40% -




CLI Decision Making Dilemmas

CIf revascularization,
endovascular versus
surgery

/Should we treat
medically or with
an intervention

Doctors what are
our options?




Critical Limb Ischemia
Prognosis With Medical Therapy

> 25-40% of CLI patients g
progress to major Maale ;.":,j. ,_

> 25% die <lyr secondary §
cardiovascular complicafi®ns



The Role for Primary Amputation
INn Patients With Critical Limb Ischemia










Autologous Bone Marrow Derived Stem Cells
Use in Inoperable Critical Limb Ischemia

After (24 wks

.'
1 N
W, M

e ——————

Tcom 50mm Hg



Endovascular Options for
Aortic Pathology
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Endovascular Options

Traumatic Aortic Tears
Coarctation

Dissections

Penetrating Ulcers
Abdominal Aortic Aneurysms

Hybrid Cases



Traumatic Aortic Disruption

Allen KB, Borkon AM, Laster S, Aggarwal S. Innovations 2012;7( 2):105

> Seandtiycoppeane ey agadtar
for traumatic tears (CTAG)have less

> Bowtsmn isgs thpaftgepposted to
tiedtexaesstysnaal titsease laaee
disadirantacermscluding size mis-
match iny __'ma patients
and lengt’ W ~te
coverage racic aorta
Increas al cord
Ischer




31 yr male MVA
Open femor/tit/
Closed hu 3-;11

L1 fx




Techniqu

Allen KB, Borkon AM, Laster S, Aggarwal gnnovatlons 2012;7(2):105.

Stacked Excluder (Gore) AAA short cuffs

4 cm aortic coveragé\/

Two 23mm X 35mm Exclu
15mm Overlap
Subclavian artery not cover

uffs
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PROCEDURE DETAILS

e Femoral cutdown

e Initial angiogram with

DERESEHPRAE YU RENnstrate
laf QSRR HASH
thyrocervical artery filling
distal aorta




Gore Excluder AAA cuff
below coarctation to ¢
thyrocervical colla

m X 4.5cm) deployed
lal endoleak from




e Gore C-TAG
(28mm x 15 cm)

* Beptalaul aomrusst
padicziatddlation

e Adenosine
utilized during
deployment




e Completion
Angiogram without
endoleak

e Gradient across
coarctation zero







Dissections

e 62 hypertensive WM with
uncomplicated Type B dissection
initially managed medically at VA.

e Represents to VA with chest pain and
4cm aneurismal expansion of thoracic
dissection.









3 Dissection/aneurysm excluded
without evidence of endoleak

% One Year FIU.CT







Abdominal Aortic Aneurysm
Open Repalr

‘ -

6438 mm

o













VENTANA GRAFT
Branched Graft Technology
»
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