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Russell Claude Brock
(1903 -1980)
Lord Brock of Wimbledon

LRCP, MRCS 1926, MB BS 1929, FRCS 1929, MS 1931, KT 1954, PRCS 1963
Baron 1965, FRCP 1965.



Major Dwight Harken — US Army

e 133 consecutive survivors

* First series of successful
“open heart” operations




Ten Commandments - Dwight Harken

It must not propagate emboli

It must be chemically inert and not damage blood elements
It must offer no resistance to physiological flows

It must close promptly

It must remain closed during the appropriate phase of the
cardiac cycle

It must have lasting physical and geometric features
It must be inserted in a physiological site

It must not annoy the patient

It must be capable of permanent fixation

It must be technically practical to insert

“"A device is safe when it is safer than
the condition it corrects”
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 Detrimental effects of
extracorporeal
circulation

 RIsks vs. benefits




Surgery for Aortic Stenosis

* History

» Safety

* Durabllity

« Quality of Life

* Cost

« Still evolving and improving



Cardiac Surgery

The Society for
Cardiothoracic Surgery
in Great Britain & lreland

Sixth
National Adult Cardiac
Surgical Database Report

2008

Demonstrating quality



Changes in the makeup of workload over time (n=292,130)
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Rises in the numbers of elderly cardiac surgery patients (n=53,266)
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Aortic valve surgery in the UK

All AV surgery: Numbers of operations (n=52,463)
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All AV surgery: Average age; bars denote standard error (n=58,195)
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All AV surgery: Mortality over time (n=27,819)
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Aortic valve
1.7%

Procedure

Aortic valve & CABG
2.2%

61-65

1.7%

2.9%

66-70

1.9%

4.1%

71-75

3.2%

5.0%

76-80

3.8%

6.1%

81-85

5.8%

7.9%

>85

5.5%

10.7%

Unspecified

NA

0.0%

All

5.3%




survival rate

Survival rate
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Isclated AVR: Medium-term survival and age at surgery;
fAnancial yvears 2004-2008 (n=13,851)
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Combined AVR & CABG: Medium-term survival and age at surgery;
financial years 2004-2008 (n=9,838)
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Valve Surgery in Octogenarians: A Safe Option
with Good Medium-Term Results

Andrew Chukwuemeka, Michael A. Borger, Joan Ivanov,
Susan Armstrong, Christopher M. Feindel, Tirone E. David

Division of Cardiovascular Surgery, Toronto General Hospital and
Department of Surgery, University of Toronto

Conclusion: Valve surgery in selected octogenarians is
associated with low morbidity and mortality. The outlook
after surgery I1s very good, and surgery should not be

denied to this group on the basis of age alone.

The Journal of Heart Valve Disease
2006:15:191-196



Surgery for Aortic Stenosis

History
Safety

Durability

Quality of Life

Cost

Still evolving and improving



Durability of AVR

 Mechanical valves:
40 billion cardiac cycles (100% freedom from SVD) in testing

* Biological valves: >30 year data

Long-term Durability of Porcine and Pericardial Bioprostheses for
Aortic Valve Replacement.

Seeburger J, Chukwuemeka A, Borger M. Cardiac Surgery 2009;4(3):82-9
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JACC

JourNAL of #he

Journal of the American College of Cardiology
© 2003 b}' the American Col]t_r_(t of C-ardiolog}' Foundation
Published by Elsevier Inc.

EDITORIAL COMMENT

Valve Surgery in the Elderly
A Question of Quality (of Life)?*
John S. Rumsteld, MD, PuD, FACC

Denver, Colorado

Over the next two decades, the aging of the population will
force a major shift in clinical care in the U.S. By 2010, over
40 million Americans will be age 65 years and older, 18
million Americans will be over the age of 75 vears, and the

AMERICAN COLLEGE 0f CARDIOLOGY

Vol. 42, No. 7, 2003
ISSN 0735-1097/03/830.00
doi:10.1016/50735-1097(03)00950-1

12). Very limited data on valve surgery on nonagenarians
suggests operative mortality in excess of 15% (13). Clearly,
the elevated operative mortality risk in older persons under-
going valve surgery must be balanced against the potential
benefits of the operation.

A principal goal of cardiac valve surgery is improvement
in HRQL through reduction of symptoms and better
physical function. Although valve surgery will be under-
taken in select elderly patients for potential survival benefit
(e.g., isolated severe aortic stenosis in a patient without
significant comorbidities), the primary goal of the operation
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Cost of AVR

Conventional aortic valve: £1200 - £1800

TAVI: £20000+

Sutureless aortic valve: %e10/0]0)



Cost-effectiveness of aortic valve replacement in the
elderly: An introductory study

YingXing Wu, MD, Ruyun Jin, MD, Guanggiang Gao, MD, Gary L. Grunkemeier, PhD, and Albert Starr, MD

Objective: With increased life expectancy and improved technology, valve replace-
ment is being offered to increasing numbers of elderly patients with satisfactory
clinical results. By using standard econometric techniques, we estimated the relative
cost-effectiveness of aortic valve replacement by drawing on a large prospective
database at our institution. By using aortic valve replacement as an example, this
introductory report paves the way to more definitive studies of these issues in the

future.
Drs Wu. Jin. Grunkemeier. Starr. and Gao Methods: From 1961 to 2003, 4617 adult patients underwent aortic valve replace-
(left to right) ment at our service. These patients were provided with a prospective lifetime

follow-up. As of 2005, these patients had accumulated 31,671 patient-years of
follow-up (maximum 41 years) and had returned 22,396 yearly questionnaires. A
See related articles on pages statistical model was used to estimate the future life years of patients who are currently
601 and 603. alive. In the absence of direct estimates of utility. quality-adjusted life vears were
estimated from New York Heart Association class. The cost-effectiveness ratio was

calculated by the patient’s age at surgery.

Results: The overall cost-effectiveness ratio was approximately $13.528 per quality-
adjusted life year gained. The cost-effectiveness ratio increased according to age at
surgery, up to $19.826 per quality-adjusted life year for octogenarians and $27,182
per quality-adjusted life year for nonagenarians.




Cost of TAVI — human resources




TAVI team

e Cardiac surgeons
 Interventional cardiologists
* Imaging cardiologists
« Radiologists
« Elderly care physicians
* Anaesthetist
 Critical care physicians
e Specialist nurses

* Physiotherapists
« QOccupational therapists
« Rehabilitation
« Perfusionists
« QOperating theatre team
* Psychologists
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Novel sutureless AVR




Sutureless AVR

Collapsed Collapsed
outflow ring inflow ring

DEVICE COLLAPSING is not
traumatic to collagen fibres

COLLAPSING IS NOT CRIMPING

Valve leaflets are not
affected by collapsing




Sutureless AVR
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Sutureless AVR

Scoring system Mortality %
(Mean+=SD)

Logistic 13.11 + 8.65
Euroscore

11.36 = 10.69

In Early Late Overall

%k
hospital | (=30 days) (>30 days) [survival STS DB

at 6
months

N Y%/pts-yr <30 days

Valve related

Non valve
related



"In times of change, the learners inherit
the Earth while the learned find
themselves beautifully equipped to deal
with a world that no longer exists.”

The Future of Cardiac Surgery:
The Times, They Are a Changin’

Bruce Lyvtle, MD, and Michael Mack, MD
Cleveland Clinic Foundation, Cleveland, Ohio, Medical |::itj-.-' Dallas H-'lri|.'3il:||. Dallas, Texas

ment of cardiovascular disease outside of our specialty
has been dramatic and profound, p: utuulul in regarc
to percutaneous technologies. The disruptive te 3
of percutaneous trans sluminal intervention (PCI) of coro-

he last 50 vears have been halcyon days for cardiac  nary artery disease has progressed from the ].llJ[‘IJtl e
T surgeons. The technological innovations of cardio- and relative :ly ineffective use ch]lll n angioplasty in the
u]mnmnl ypass and heart valve pro: s led to the  late 1970s to the reproducible and largely safe interven-
,;[L clopment of the specialty in the e 960s. The  tions emploving drug-eluting stents and platelet inhibi-

]]"| S0 iu nt deve ] [_['Jll..['lt rl._llllllll["l. b\[_l SUrg L[1I. lJl tors that are : '!Jlll le tlldl for the treatme ﬂ{'llr'!._lll._'!t]‘l.'
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e NEW ENGLAN D
JOURNAL of MEDICINE

ESTABLISHED IN 1812 OCTOBER 21, 2010 VOL. 363 NO. 17

Transcatheter Aortic-Valve Implantation for Aortic Stenosis
in Patients Who Cannot Undergo Surgery

Martin B. Leon, M.D., Craig R. Smith, M.D., Michael Mack, M.D., D. Craig Miller, M.D., Jeffrey W. Moses, M.D.,
Lars G. Svensson, M.D., Ph.D., E. Murat Tuzcu, M.D., John G. Webb, M.D., Gregory P. Fontana, M.D.,
Raj R. Makkar, M.D., David L. Brown, M.D., Peter C. Block, M.D., Robert A. Guyton, M.D.,
Augusto D. Pichard, M.D., Joseph E. Bavaria, M.D., Howard C. Herrmann, M.D., Pamela S. Douglas, M.D.,
John L. Petersen, M.D., Jodi ]. Akin, M.S., William N. Anderson, Ph.D., Duolao Wang, Ph.D.,
and Stuart Pocock, Ph.D., for the PARTNER Trial Investigators*

ABSTRACT




Table 2. Clinical Qutcomes at 30 Days and 1 Year.®

Ouftcome

Creath

From amy cause

From cardiovascular causef
Repeat hospitalization§
Ceath from any cause or repeat hospitalization§
T DITORE OF 115
All
TIA

stroke
Minor
Major
Ceath from any cause or major stroke
Myocardial infarction
All
Periprocedural
Wascular complications
All
Major
Acube kidney injury
Creatinine =3 mg/dl (265 pmaolfliter)9
Renal-replacement therapy |
Major bleeding
Cardiac reinternsention
Balloon acrtic valhwuloplasty
Repeat TAVIEE
Aortic-valve replacement
Endocarditis
Mew atrial fibrillation

Mew pacemaker

TAVI
(N=179)

30 Days

Standard
Therapy
(N=179)

no. of patiernts (4]

9 (5.0)
8 (4.5)

10 (5.6)

19 (10.6)

12 (6.7)
o

3 (1.7)
9 (5.0)
15 (8.4)

o]
o

55 (30.7)
29 (16.2)

o
2 (1.1)
30 (16.8)

1 (0.6)%=
3 (1.7)
o

o

1 (0.6)

6 (3.4)

5 (2.8)
3 (1.7)
13 (10.1)
22 (12.3)

3 (1.7)
0

1 (0.6)
2 (1.1)
7 (3.9)

9 (5.0)
2 (1.1)

1 (0.6)
3 (1.7)
7 (3.9)

2 (1.1)
MNA
3 (1.7)

2 (1.1)
9 (5.0)

P valuej

0.41
022
017
074

0.03

052

0.06
01z

= 0001
<0001

1.00
100
<0001
1.00

0.25

1.00
0.60

TAVI
(N=179)

1 Year

Standard
Therapy
(N=179)

no. gf patients [3&)

55 (30.7)
35 (19.6)
40 (22.3)
76 (42.5)

19 (10.6)
1 {0.6)

4 (2.2)
14 (7.8)
59 (33.0)

1 {0.6)
o

S8 (32.4)
30 (16.8)

2 (1.1)
3 (1.7)
40 (22.3)

1 {0.6)
3 (1.7)
2 (1.1)%=
2 (1.1)
1 {0.6)
8 (4.5)

89 (49.7)
75 (41.9)
79 (44.1)

126 (70.4)

8 (4.5)
o

1 (0.6)
7 (3.9)
90 (50.3)

1 (0.6)
o

13 (7.3)
4 (2.2)

5 (2.8)
6 (3.4)
20 (11.2)

66 (36.9)1T
(=

17 (9.5)
1 (0.6)
3 (1.7)

14 (7.8)

Pvaluet

037

.18
0u001

1.0:0

= 0.001
=<0.001

045
Q.50
0007

=0. 001

=0. 001
0L31
062
027



e NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JUNE 9, 2011 VOL. 364 NO. 23

Transcatheter versus Surgical Aortic-Valve Replacement
in High-Risk Patients

Craig R. Smith, M.D., Martin B. Leon, M.D., Michael J. Mack, M.D., D. Craig Miller, M.D., Jeffrey W. Moses, M.D.,
Lars G. Svensson, M.D., Ph.D., E. Murat Tuzcu, M.D., John G. Webb, M.D., Gregory P. Fontana, M.D.,
Raj R. Makkar, M.D., Mathew Williams, M.D., Todd Dewey, M.D., Samir Kapadia, M.D., Vasilis Babaliaros, M.D.,
Vinod H. Thourani, M.D., Paul Corso, M.D., Augusto D. Pichard, M.D., Joseph E. Bavaria, M.D.,
Howard C. Herrmann, M.D., Jodi J. Akin, M.S., William N. Anderson, Ph.D., Duolao Wang, Ph.D.,
and Stuart J. Pocock, Ph.D., for the PARTNER Trial Investigators*

CONCLUSIONS
In high-risk patients with severe aortic stenosis, transcatheter and surgical proce-
dures for aortic-valve replacement were associated with similar rates of survival at
1 year, although there were important differences in periprocedural risks. (Funded by
Edwards Lifesciences; Clinical Trials.gov number, NCT00530894.)

N ENGLJ MED 364;23 NEJM.ORG JUNE g, 2011




Table 2. Clinical Qutcomes at 30 Days and 1 Year in the Intention-to-Treat Population.*

Outcome

Creath
From any cause
From cardiac causes

Repeat hospitalization

Death or repeat hospitalization

Stroke or transient ischemic attack
Either
Transient ischemic attack
Stroke
Minor
Major
Death from any cause or major stroke
Myocardial infarction
[ Wwascular complicatien |
Ary
Pajor

Acute kidney injury
Creatinine =3 mg/dl (265 pmol fliter)

Renal-replacement therapy

Major bleeding

Endocarditis

Mew-onset atrial fibrillation{

Mew pacemaker

30 Days
Transcatheter Surgical
Replacement  Replacement
(N=348) (M=351)

no. of patients (35)

12 (3.4) 27 (6.5)
11 (3.2) 10 (3.0)
15 (4.4) 12 (3.7)
25 (7.2) 33 (9.7)
19 (5.5) 2 (2.4)
3 (0.9) 1 (0.3)
3 (0.9) 1 (0.3)
13 (3.8) 7 (2.1)
24 (6.9) 28 (8.2)
0 2 (0.6)
59 (17.0) 13 (3.8)
38 (11.0) 11 (3.2)
4(1.2) 4(1.2)
10 (2.9) 10 (3.0)
32 (9.3) 67 (19.5)
0 1(0.3)
30 (2.6) 56 (16.0)
13 (3.8) 12 (3.6)

P Walue

0.04
033

034
020
052
016

= 0.001
= 0.001

0.95
0.95

0.32
0.006
089

1 Year
Transcatheter Surgical
Replacement  Replacement
(M=348) (N=351) P Value

no. of patients (%)

24 (24.2) 89 [26.8)
47 (14.3) 40 (13.0)
58 (18.2) 45 (15.5)
120 (34.6) 119 (35.9)
27 (8.3) 13 (4.3)
7 (2.3) 4 (1.5)
3 (0.9) 2 (0.7)
17 (5.1) 3 (2.4)
92 (26.5) 93 (28.0)
1 (0.4) 2 (0.6)
62 (18.0) 16 (4.8) 0.001
39 (11.3) 12 (3.5) =0.001
12 (3.9) 8 (2.7)
1% (5.4) 20 (6.5)
49 (14.7) 85 (25.7)
2 (0.6) 3 (1.0)
42 (12.1) 60 (17.1)
19 (5.7) 16 (5.0



Table 2. Clinical Qutcomes at 30 Days and 1 Year in the Intention-to-Treat Population.*

Outcome 30 Days
Transcatheter Surgical
Replacement  Replacement
(N=348) (M=351) P Value
no. of patients (35)
Death
From any cause 1Z{3.4) 27 (6.5) 0.07
From cardiac causes 11 (3.%) 10 (3.0) 0.90
Repeat hospitalization 15 (4.4) 12 (3.7) 0.64
Death or repeat hospitalization 25 (7.2) 33 (9.7) 0.24

Stroke or transient ischemic attack

Either

19 (5.5)

Transient ischemic attack 3 (0.9)

Stroke
Minor 3 (0.9) 0.34
Major 13 (3.8) 0.20
Death from any cause or major stroke 4 (6.9) 0.52
Myocardial infarction (0.6) 0.16
Wascular complication
Any 59 (17.0) 13 (3.8) <0.001
Major 38 (11.0) 11 (3.2) <0.001
Acute kidney injury
Creatinine =3 mg/dl (265 pmol fliter) 4(1.2) 4(1.2) 0.95
Renal-replacement therapy 10 (2.9) 10 (3.0) 0.95
Major bleeding 32 (2.3) 67 (19.5) <0.001
Endocarditis 0 1 {0.3) 0.32
Mew-onset atrial fibrillation{ 30 (3.6) 56 (16.0) 0.006
Mew pacemaker 13 (3.8) 12 {3.58) 0.89

1 Year
Transcatheter Surgical
Replacement  Replacement
(N=348) (M=351) P value
no. of patients (%)
34 (24.2) £0 (26.8) 0.44
47 (14.3) 40 (13.0) 0.63
58 (18.2) 45 (15.5) 0.38
120 (34.6) 119 (35.9) 0.73
27 (8.3)
7 (2.3) e
3 (0.9) 0.84
17 (5.1) 0.07
068
0.69
62 (18.0) 16 (4.8) <0.001
39 (11.3) 12 (3.5) =0.001
12 (3.9) 8 (2.7) 0.41
18 (5.4) 20 (6.5) 0.56
49 (14.7) 85 (25.7) =0.001
2 (0.6) 3 (1.0) 0.63
42 (12.1) 60 (17.1) 0.07
19 (5.7) 16 (5.0) 0.68



100% -

Percent of evaluable echos

0% -

PARTNER A: UPDATE - 2 year results

p < 0.0001

p < 0.0001

p < 0.0001 p < 0.0001

80% -

60% -

40% -

20% -

' TAVR | AVR | TAVR | AVR |

6 Month
N=230 N=172

TAVR | AVR TAVR | AVR
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Severe
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PARTNER A: UPDATE - 2 year results

70% -

=== None - Trace HR [95% CI] =
60% 4 ™ Mild - Moderate - Severe 2.01 [1.38, 2.92]
p (log rank) = 0.0002
50% -
39.5%
2 40% -
£
2 30% - '_l_,—l'_
20% _r,,.-—"‘"_' 24.8%
10% 14.5%
0% : , : : ,
0 6 12 18 24 30 36
Months Post Procedure
Numbers at Risk
None-Tr 167 149 140 126 87 41 16

Mild-Mod-Sev 160 134 12 101 64 26 12




Euro Heart Survey

A prospective survey of patients with valvular heart disease in Europe: The
Euro Heart Survey on Valvular Heart Disease.

Eur Heart J 2003 Jul;24(13):1231-43

Aortic Stenosis = 75 yearsﬁ
N=408

No Severe AS&" ‘ Severe AS ‘

(n=114) (n=284) NYHA Il :106|

4|_——|7_4|_ NYHA IV : 36|

IfND Sym toms\' Symptoms —_—
5=6p8 ‘ YN=F’2 16 | Angina : 148|

|',-

No Intervention Intervention
N=72 (33%) 'N=144 (67%)
EURQPEAN E—— p A

cumooer  lung, B, et al. Eur Heart J 2005;26:2714-

1 in 3 patients with severe symptomatic AS did not have surgery



Cribier’ s Index Case

57 year old male

Severe calcific aortic stenosis

LVEF 14%, AVA 0.6cm?, 30mmHg gradient

No myocardial reserve on Dobutamine stress echo
Cardiogenic shock, pulmonary oedema, oliguria

PMH
PVD with aorto-bifemoral bypass graft
Ca lung Rx
Chronic pancreatitis

Interstitial lung disease

Subacute ischemia of right leg on current presentation



Special Report

Percutaneous Transcatheter Implantation of an Aortic Valve
Prosthesis for Calcific Aortic Stenosis

First Human Case Description

Alain Cribier, MD: Helene Eltchaninoff, MD: Assat Bash, PhD); Nicolas Borenstein, MD;
Christophe Tron, MD; Fabrice Bauer, MD; Genevieve Derumeaux, MD: Frederic Anselme, MD;
Frangois Laborde, MD: Martin B. Leon., MD

Backgrownd —The design of ' ) rocane an imporant area for
invastigation. A percutanaod - zarclial leaflets mounted within
a halloom-expandable steni e aticon studies, the first human
implantation was perfomiad > shock, subacuie leg ischemia,
and othar associated nonc pp— or this patient, and balloon
valvuloplasty had been pert X

Metheds and Kesaits—With th N cessfully implanted within the

Fram the Lige o Carciology | ‘ e W vl Rowen, Rouen, France; the Centre
. '1’

d'Experimentation ¢f de Recherche Spplh Svascular Feszarch Foundahon {8LE. L),
Lenox Hill Hospital, Mew Yook, NY: a F &)

Corresponilence to B Alain Cnbier 4 ponl, T 000, Rowen, Franee Eamml
AbinCrbierig chu-rouen it - s, .

£ 0002 American Harl Associiion I||/' — f. o5
Cickaion is wvuiluble b hitp:fwww, » S 10 LA LCTRODNY 72003 65,128




85 year old female, EF 30%, renal dysfunction and
pulmonary hypertension

High Risk Patient

Estimated operative mortality (%)




Patient A VS. Patient B

—— !.'
8 -3 i o

Same age and predicted risk
One passes the “eyeball test” — one does not

Photos courtesy of Michael J. Mack, MD
Medical City Dallas




Frailty

Frail Patients Are at Increased Risk for Mortality and Prolonged
Institutional Care After Cardiac Surgery.
Circulation 2010;121:973-8

Complex interaction between age and chronic iliness
Chronological age is not the same as biological age
Subjective

Parameters:

— gait, 5m walk speed, grip strength, ADL, biological markers (albumin,
bilirubin, lung function tests), +++



Risk scoring and frailty in TAVI

Not yet settled
Many more patients needed

Avoid futile, expensive treatment at the end of
life (dying “with” not “from” aortic stenosis)

Aim: identify a level of risk where a mortality
benefit allows cost-effective treatment



Aortic Valve Replacemem‘







