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Embracing Progress
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Early Milestones in
Cardiac Surgery
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“A surgeon who
tries to suture
heart wounds
deserves to lose
the esteem of his
colleagues.”

Theodor Billroth
(1829 — 1894)



Penetrating Cardiac Trauma

Dwight Harken, MD
1910-1993
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Closed Mitral Commissurotomy
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Alfred T. Blalock, MD

1899-1964
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Johns Hopkins
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Helen B. Taussig, MD
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Helen B. Taussig, MD
1898 - 1986
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Helen B. Taussig, MD

1898 - 1986

Children with Tetralogy of Fallot exhibit bluish
skin during episodes of crying or feeding.

"Tet spell”

FADAM.

Tetralogy of Fallot

Four atmor mmaltes hat rosds
n irmuficiently caygenalod
thood pumped % the body
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R. Common Carotid Art L. Common Carotid Art.

R. Subclavian Art.

Blalock A, Taussig HB:

The surgical treatment of - \mc,,,,

S
malformations of the heart in L 1
which there is pulmonary R. Pulmonary Art { [
stenosis or pulmonary atresia.
J
JAMA 1945; 128:189
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Vivien Thomas
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First Blalock-Taussig Shunt 1944
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OPERATION:. Novae 20, 1044 Lt . A k4
Dr. Alfred Blalock ‘ )
Ether -~ Oxygen - Dr. ilsrumel

| INASTOMOSIS OF LEFT SULMHONALY ASTERY T0 LEFT SUBCLAVLAN ARTERY

Tuie patient was en undernourished child whe had cyanosis on fre-
quent’ accasions, The diagunosis was pulmovary stenesis,: .7

Under ether and oxygen, administered by the open meticd, an incision
was made in the left chest extending froa the edge of the pternum e the ax~
i{llory line in the third interspuce. Tho second and third costal ecriilages
woro divided, The pleural cavity was entered. The left lung locked normals
No turill wos felt in palpating the heart and pulmonary svtery. The left pul-
monary avtery was identified and was dissected free of the neignboring tissves,.
The left pulmonacy artery swemed to bhe of normal size, The sugerlor pulmovary
vein, on the other hond, sesusd conslderably smeller then nowwal to we. I bed
hoped that the artary to the left upper lobe might be sullicleatly long to
allow an snastomosis, but this did anot appear to bo the case. The left sub-
clavien arbevy was then ideatificd and wes dlssected {roe of the nelgbboring
tisrues. The verbtebrel artery wnd the branches of e thyrocervical axis were
doubly ldgated end divided, The subcloviay wes go short thub thore would not
nave teer suflicient lepgil for our purposes, hed this aot Leen done. The sub-
clavian avbery was then ligoted distal to the vhyroscerwicsl trunk, A bulldog
214 wug oloced on the subeluvian artery at @ poind Just diutal to its origin
fvom e norba., The subclavian erbtury wes tien divided just proximel to the
ligeture, Two buildog clips wers thea placed on the loft pulmonary artery, the
fivst clip being ploced at the erizin of the left pulmonery avtery, wnd the
sseond clip being pluced just proxiuwcl o bhe polnt wheve lie svtery entered
thelung, There wes amplc spuce betuael tiese Wwo clips Zor our purposes A
cizll trensverss incirion woo bhen mede in the wall of the pulmonsry arterys
By btho use of chine becded silk on fins needles, il sguslososls Wos then perw
formod Dotwesn the cod of the ieft subclaviuen acsovy sad the wide of tiae left
sulmonary aviery. A posterior cow of subures wes piaced firvst. There was
practically no bleeding following the removal of the bulldog clips.

The anastomosis seemed lo be a setisfuctory one, and the maln point
of worcy comes £rom the small size of the left subclaviaan avlery. I wos dise
turbed beecsuse I could not feel a Uhrill iu vhe pulmenary evtery efter the
clios wore removed, I do nmot beileve thal Uiis wuao due o any clot in the
subclavien artery, becsuse it sesmed to yulsele vigorously, It do pongible
that 3t due to a low pressure in the systemic circulaticn. I do not actually
snow what the systemic pressurc was. Another possibility wue vhat it mignt
heve boen due to spusa of the subelavien artery. Uy only repreh wug that the
subclavisn artery wau not bigger. It is possible tusv tue inereased red
coll count in this patiest may have predisposed to throaboulse

{over)




Surgical Pioneets

i

Dr. Alfred Blalock Vivien Thoma

PHOTOS BY BY THEALAN MASON CHESNEY MEDICAL
ARCHIVES OF THE JOHNS HOFPKINS
MEDICAL INSTITUTIONS
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Blue Babies

NEW YORK

HERALD TRIBUNE,

FRIDAY, FEBRUARY_ 15, 1946

‘Blue Babies’ Who Were Restured io Health and Docton Who Dul T

d Tribune—Rice

Herald Tribune—Rice Herald

3 3
Michael Rose, five and a half, of ~ Alan Beck, three and a half, of ~ Marilyn Firsenbaum, nine and a  Harry Goldswceig, seven, of 935
1700 Sterling Place, Brooklyn

220 Boscobel Place, ti

How 2 Doctors
Give New Lives
To Blue Babies

Blalock-Taussig Operalion,
First Tested on Dogs,
Reroutes Flow of Blood

By Lester Grant

BALTIMORE, Feb, 14—This is
the story of the work of two doc-
tors—a man from Georgia and &
woman from Massachusetts—who
met in Baltimore and combined
their talents to save the lives of
“blue babie

The damrs are Alfred Blalock,
forty-six, surgeon in chicf at Johns
| Hopiins Hospital here and pro-
|fessor of surgery at the Hopkins
Medical School, and Helen B.
Taussig, forty-seven, physician in
charge of the cardiac clinic of the
Harriet Lane Home for Invalid
Children. The Haryiet Lane Home
constitutes the pediatrics division
of Johns Hopkins Hospital.

‘The surgery, known as the Bla-
lock-Taussig operation, first was
used on an infant on Nov. 29, 1944,
Its development since then is one

of the mos exciting stories in

he Bronx
®

half, 80 Chester Strcet, Brooklyn Fifty-seventh Street, Brooklyn

Herald Tribume—Acme
Dr. Allnd Blalock and Dr. Helen B. Taussig at Jolns Hopkins Hospital in Baltimore
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Switcning Arreries

Sidetracks Blood and

Oxygen to Otherwise
Starved Lungs

L e S

By Robert D. Potter
Science Editor
WOMAN physician’s coura-

are blue because

they ure suffering Irom o lack o
xygen in their blood streams, in a

condition known as. cyanosis.

artery from their heart to their lungs

is so constricted that their blood never

gets oxygen to make cheeks rosy.

Hoy pm—.s University
Baltimore, has
conquering the “blue”
baby d

can
vital

oxygen
Nearly 70 operations.
we been performed
on “blue” bables. n
m ses al
recovery

Elalock's
fingers that wield the
nife in the delicate
operation thit expases the heart and
s vital art
nt npm.nlnn s
2 painstaking
reseurch by Dr. Helen B. Taussig.
Daughter of the late Prof. F. W.
Taussig, world-famous Harvard ceon:
omist, Dr. Taussig had  watched
“bluc” babics come 0 her heart clinie
at Johns Hopkins Hospital.
Tn many cases she discovered th
the artery’leading to the lung hnm
eart was narrowe
Insutiiclent. supply GF biond. was

the blood wauld pick up its lifegiv:

Ing oxygen. ~Then It would go back

e eatt aghin o tove Sutward
!hmugh the body.

ould it be done? It is on

thing to have . Blumber rearrang

difforent to lay bare the human heart,
sever one of its main arteries, splice
it ta another main artery and sustaln
life in the paticat in the

Blalodk said he would try.

‘ration has been largely successtul,
although it is one filled with danger.
first 70 patients, 14 died.

o Saipan, went to Baltimare.
randmother. * Today Bonnie walk
and d piaya like other childre
Tuse of sixycarold Mike
Schirmer —the_boy. with. the “iichy
Zipper” —shows what can be done.

Mike's “itchy zipper” is the healing
incision over his heart
Blalock went In to do the operation.

reaching the lungs to receive its vital « But let his mother tell his stor

oxyE ssig_reasoned tha
2 Surgleal operation fight be able o
i e contlia s
sidetrack blood into the lungs. On
paper, when the diagram of the art-

“Michael could only walk five feet
and then he'd have to squat down on
the sidevwalk and rest

o \heel hir everywhere.
Siranoeas wouid siop s Sacersen end

Saving

our Doomed

Blue Babies

Yranis ny thing balll zun
He's up and down stairs 75 L

g

a imbs
tables just for the joy of jurpi
e wears me out. But 1 love
the Blalock-Taussig operation is
not a simple one. It takes (rom an

Six-Year-Old _Mike Schirm
Gaxld Welk Ouly Five Fast Withant Retting
e the Op. el

itimare

A Tacteten. Torha. Oparation

branehes of the pulmonary artery (ro
the lungs) are two large blood ves.

Dr. i chooses the most
yenlent —usually the arm ‘artery —
and severs it. One end is clampe

o ana Tae olbie aioad pana gy
The end nearest the heart is then
spliced to the nearest branch of the
pulmonary_artery.
removed and the blood that would
grdinarily flow to the arm goes into
the lunj re it
With Vital oxygen and the baby's blue
1ips quickly begin to tur

arm?
other blood
vessels which take up the blood load

_



Blalock and Taussig in [.ondon
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Legacy to Children
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Blalock-Taussig Shunt

artery (to the
lungs

The left subclavian artery is divided and
connected to the left pulmonary artery.
This allows blood to flow to the lungs to

Wy Intermountain
\\Y}( Heart Institute pkk up oxygen. © 2004 - Duplication not permited
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Johns Hopkins University
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C. Walton Lillehei, MD

1918 - 1999

Donor

Cross Circulation
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Donor Cross Circulation

Lillehei CW, Cohen
M, Warden HE, et al

The results of direct
vision closure of
ventricular septal
defects in eight
patients by means
of controlled cross
circulation.

Surg Gynecol
Obstet 1955;
101:446
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John H. Gibbon, MD

1905 - 1975

Pioneer in the
development of
extracorporeal
circulation
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Massive Pulmonary Embolus
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FHarly Heart Lung Machine
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Thomas J. Watson

1 'sivelg,:-’f)roves |
to lead others as what
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Thomas J. Watson

.‘ IBM'S '['I()M.-\\ J, WATSON la “Our work is One Of serVice.,’

Clink. Clank. Think

--Thomas J. Watson, Sr
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Thomas Jefferson
University

First successtul open heart

surgery using
cardiopulmonary bypass
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Success

T e ek
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Heart Lung Machine
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Modern Cardiopulmonary Bypass
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Heart Transplantation

* “Thus saith the LLord God, ‘A new heart also will
I give you, and a new spirit will I put within you;
and [ will take away the stony heart out of your
flesh, and I will give you an heart of flesh.” ¢

* Hzekial, chapter 36, verse 26
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First Heart Transplant 1967

Moments

History

In December, 1967, a young woman, Denise Darvall, was
walking across a street in Woodstock to buy a cake when a car
struck her. She died in Groote Schuur Hospital and in doing so
achieved immortality by becoming the world's first heart donor
when Christiaan Neethling Barnard transferred her heart into the
chest of Louis Washkansky.

Cape Town has been witness to many historic moments since
the day Van Riebeeck anchored in Table Bay. Few, if any. brought
more limelight to the city than the heart transplant. For the sur-
geon, Dr Barnard, soon to be a household name throughout the
world, “the heart is merely a pump”. But for those who equated
the heart with love and death, the transplant seemed cloze to a
miracle.

Professer Chris Darcard, leader of the heariAransplant
A, i & Aaraerintie s Buring cow of M many
e emleermces.

“Mr Louis Washkansky, the 55-year-old Cape Town man whose life is
being sustained today h) lhe heart of o deud 25+ ymmold woman nner

the world's fiest henrt tr h i
Groote Sc.-huur Hospital nnd in n unlml’.lelorg comllllml Monday, llh .
December 1 B ek, whore eessiiem v foovn o ;1"7. ’a:'-.'-w“i

Mvalhe Sy o relewier,  &57 197
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Christiaan N. Barnard, MD

e
- ’ N L

v/, Intermountain’
*\\Y}(} Heart Institute

“\Intermountain Medical Center — e ——
= S — =




Norman E. Shumway, MD

v/, Intermountain’
*‘\Y}(} Heart Institute

Wn Medical Center I —— \
\

—



First Transplant in US 1968
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“OK, the old one's in my right hand,
the donor’s in my left. Right?

W e
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Heart Transplantation

* First performed in 1967—-clinically usetful in the early 80s
* Inherent limitations—Iack of donors

* ~2000 transplants per year; 3200 listed (many patients die on
the waiting list)

* 15-20 transplants at IMC per year

* The majority of transplant recipients in the modern era are

“bridged” to the procedure with an LVAD
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Number of transplants

\ ISHLT 2012

J Heart Lung Transplant. 2012 Oct; 31(10): 1045-1095

N QD DX D 0 A DO O
SIS F P LD LS
N R AP AP A A A AT A A A A RS

NOTE: This figure includes only the heart transplants that are reported to
the ISHLT Transplant Registry. As such, the presented data may not
mirror the changes in the number of heart transplants performed
worldwide




Kaplan-Meier Survival by Era

(ITransplants: January 1982 - June 2010)

100
1982-1992 vs. 1993-2002: p < 0.0001
1982-1992 vs. 2003-6/2010: p <0.0001
20 1993-2002 vs. 2003-6/2010: p <0.0001
60
X
L% ==1982-1992 (N = 25,138)
S ~==1993-2002 (N = 37,193)
5 40
< —=2003-6/2010 (N = 24,021)
=
wv
20
HALF-LIFE 1982-1992: 8.5 years; 1993-2002: 10.9 years; 2003-6/2010: NA
0 I I I I I I I I I I I I I I

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

ISHLT 2012

J Heart Lung Transplant. 2012 Oct; 31(10): 1045-1095




Cumulative Prevalence in Survivors at 1, 5 and 10 Years Post-

Transplant (Follow-ups: April 1994 - June 2009)

. . Total N

Within 1 Total Nwith |\ . 5 TotalNwith | \pein 10 with
known known

Year — Years —_— Years known

—_— response —_— response —_— —_—

Hypertension 73.2% (N=24,229)| 93.1% (N =10,485) 97.4% (N = 2,238)

Renal Dysfunction 26.8% (N=25254)| 31.1% (N =12,146) 36.8% (N = 3,681)

Abnormal Creatinine < 2.5 mg/d| 18.1% 21.0% 24.3%
Creatinine > 2.5 mg/dI 7.0% 7.3% 6.2%
Chronic Dialysis 1.5% 2.3% 4.8%
Renal Transplant 0.3% 0.5% 1.5%

Hyperlipidemia 58.1% (N =25,572)| 87.8% (N =11,800) 93.3% (N =2,659)

Diabetes 27.4% (N=25292)| 36.6% (N=11,154) 38.5% (N =2,401)

Cardiac Allograft Vasculopathy 7.8% (N=22,853)| 31.0% (N =8,197) 51.8% (N =1,830)

.
J Hea/T ung Transplant. 2010 Oct; 29 (10): 1083-1141



Copyright 2003 by Randy Glasbergen.
www.glasbergen.com

LAS

“Your insurance won’t pay to transplant a human heart or
even a baboon heart, so we’ll be using an artichoke heart.”
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[ 50,000 Americans
' need new hearts.

. Most will never
get one. Who lives? ¥
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The Magnitude ot CHFE

* 6 million suffer from heart failure: 550,000 new cases per year
* Only form of heart disease increasing in prevalence

* 262,000 deaths per year

* Incidence doubles each decade after 40

* 11in 5 over age 40 have heart failure

* One year mortality 1s 28% in men over 75

* Most common cause of hospitalization in patients over 65
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Economic Impact of CHF

* Annual cost of $30 billion in U.S.

* Most costly diagnosis in the Medicare
population

* More costly than all forms of cancer
combined

* 11 million office visits; 3.5 million
hospitalizations

* Average total annual cost in Utah of $46
million dollars (79% paid for by the
government)*

* $19,843 per hospitalization in Utah*
\{W, Intermountain’

Heart Institute *Utah Department of Health

Wn Medical Center o \
\
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Heart Failure:

The Final Cardiovascular Disease

Coronary deathsare down by half But heart failure has almost tripled
400 1,200
=0 1,000
300
800
250
200 600
150 Coronary Deaths Lol Heart Failure
100
200
S0
O O S T S S S P ST e
1980 1990 2000 1980 1990 2000

Enhanced survival in other CV diseases leads to expansion of HF Population

Source: Mational Hospital Discharge Survey data. Centers for Disease Control and Prevention/National Center for
Health Statistics and National Heart, Lung, and Blood Institute.



Annual Survival Rate

Natural History of Heart Failure

100 - : — 10
\ : | (o)
N - g
75— B B N
“
& B c
4 .0
=
50 -1 S
=
““ [ c
t“‘ : ‘t
,“"“‘ — %
25_ “,u-"“ - g
lllllllll . 1
0 |
I Il IV Deceased

NYHA CLASS

Adapted from Bristow, MR Management of Heart Failure, Heart Disease: A Textbook of
Cardiovascular Medicine, 6th edition, ed. Braunwald et al.

Class Il

25% of HF Patients

Frequent
hospitalizations

Worsening symptoms
despite drug therapy

Significant
opportunity for new
therapies

Survival Rate
Hospitalizations




Total Artificial Heart

1st. TAH (COOLEY) 1969
with 4 WADA Valves

ith Sonian
Museum in
WASHINGTON
A,

B :
v .

1969 - first artificial heart to be
implanted into a human (Dr.
Denton Cooley).

The patient was sustained by
the device for 3 days, but only
lived for 36 hours post

transplantation.

The patient’s widow accused
Cooley of making her husband
the “unfortunate victim of
human experimentation.”



1982 — Barney Clarke
with Mrs. Clarke after
his 1nitial recovery.
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arney Clarke

Jarvik, DeVries and Kolff examine Clarke’s artificial
heart after autopsy.
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Total Artificial Heart
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REMATCH Summary

* NEJM November 2001

* LVAD vs. optimal medical management
* LDS Hospital - largest enrollment in the

country
* Landmark trial leading to FDA approval

* 129 patients with NYHA Class IV CHF
ineligible for transplant

e 48% risk reduction of death with LVAD
* 52% vs. 25%0 survival at 1 year
* 24% vs. 8% survival at 2 years

* Improved quality of life (LVAD patients
felt better, less depressed, more mobile
and active)
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HeartMate II — FDA approved for DT

TRIAL SUMMARY:

* Total of 200 patients

* Median age of 62 years (range 26 to 81)
* Mean LVEF of 17%

* 77% ot patients recetving IV inotropes

* 2:1 Randomization HM II vs. HM XVE
(stopped at mid-study point due to
favorable results)

NEJM, Nov. 2009 * All 200 patients were followed for at least 2
FDA approved Jan. 20, 2010 years or until death, transplantation or
device explantation
Ay} Intermountain * QOL improvement to NYHA Class I - 11

Wn Medical Center \
\
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HM II DT — Trial Data

Survival @ 2 years

Median duration of support
Relative Risk (95% CI)

Device repair or replacement

LVVAD-related infection

Bleeding requiring surgery

Rehospitalization



Former Vice President Dick Cheney

* HeartMate II implant August 10,
2010 as BTT

* 1.5 years of support

* Successful bridge to transplant

* Age 70

“U’s brought me back from end-stage heart
fatlure,” says Cheney, who has suffered five
heart attacks, the first at age 37. 1 was in
bad shape 14 months ago. Now I'm back to
leading a relatively normal life. 1 fish, hunt a
little bit, write books, (am) able to travel.”




Bridge to Transplantation (BTT)

An increasing percentage of patients listed for cardiac
transplantation require VAD support as a bridge.

2007 2008 2009 2010

40% 29%
60% 71%

B Bridge requiring VAD/Artificial Heart OUTCOMES AT OUR CENTER:
HM 1l Survival to Transplant: 100%

B Traditional Transplantation
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Bridge to Transplantation (BTT)

2011 2012 2013 2014

[ Bridge requiring VAD/Artificial Heart Recent transition to HeartWare HVAD

B Traditional Transplantation with excellent outcomes as bridge
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Mechanical Circulatory Support

Short Term / Emergency

eTime frame: hours to days

eRapid MCS for cardiogenic shock, post cardiotomy
failure, or during high-risk Cath Lab procedures

Bridge to Transplant (BTT)

eTime frame: months to years

eTemporary implanted MCS for patients waiting for a
donor heart to become available
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HeartWare HVAD ™

"HVAD™ Pump

Centrifugal pump

[ Sewing Ring ]

One moving part

Short integrated inflow
cannula

10mm outtlow graft

Dual motor stators

Thin, flexible driveline

Sewing ring




HeartWare HVAD
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* Inflow cannula integrated with device

* Small pump housing: 2 inch outside diameter,
displaced volume of 50 cc

* Magnetically suspended impeller, only moving part
(increased durability potential)

* Intrapericardial — no pump pocket
e Requires warfarin (INR: 2.0 - 2.5)
* Approved for use in Europe

e Destination Therapy clinical trial in U.S.
(ENDURANCE)

 UAHP: 43 implants to date

,R\



Unique Features

No abdominal surgery or pump * Novel impeller design enables
pocket excellent hemodynamics

Fits in the pericardial space * Accurate flow estimation
Anatomically fits smaller patients ¢ Log files enable flow and

Less surgery; potentially

power waveform analysis

minimizes blood transfusions

Pump——
Speed

Hitia Y "
i P : *f

M
%
L
(@
=
=




Interior of pump shown after 427 days

of support in human patient

IMPELLER PUMP HOUSING

* Impeller only moving part

* Completely suspended by a combination of passive magnets
and hydrodynamic thrust bearings

* Never touches pump housing



HeartWare HVAD
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MCS Case Review

* 08 year male with 12 year history of IDC

* Sudden death 1n August 2009

* Discharged with BiV ICD

* Progressive deterioration to class I11/IV

* Multiple hospitalizations over the following year

* Outpatient dobutamine

* Multidisciplinary review to assess candidacy for DT LVAD

e Enrolled in ENDURANCE trial—randomized to receive the
HeartWare HVAD

* 3rd HVAD implant in the United States for DT
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3 months later...
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Improvements in Survival
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Adoption of Technology

115 HOUSEHOLDS CONSUMPTION SPREADS FASTER TODAY
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Technology Adoption
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Area under the curve
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number of customers

"The Chasm™"

Technology Adoption Lifecycle
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Automobile
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Automobile
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Ford Model T

1908 — 1927

First atfordable automobile

Mass production

Moving assembly line: every three minutes
20 horsepower 1.7 L. 4 cylinder engine
Top speed ~40 mph
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* Most influential car of the 20™ Century
* Widespread adoption worldwide
* 50% ot all cars 1n 1920

* 1909: 10,666 produced and sold for §825
($21,650 1n 2015)

* 1925: 1.9 million sold for $260 (33,500 today)
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Automobile

v/, Intermountain’
4:\Y}(}(’ Heart Institute

Intermountain Medical Center



Automobile
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Aviation
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Internet
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Lite Expectancy — Pancreatic Cancer

e Best case scenario
— Node negative

— Clear margins at
surgical resection

(Whipple)

* 20% survival at 5 years
for Stage 1

od

* 10% survival at 1 year
for all stages
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Annual Survival Rate

Who and When?
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NYHA CLASS

Adapted from Bristow, MR Management of Heart Failure, Heart Disease: A Textbook of
Cardiovascular Medicine, 6th edition, ed. Braunwald et al.

Class Il

25% of HF Patients

Frequent
hospitalizations

Worsening symptoms
despite drug therapy

Significant
opportunity for new
therapies

Survival Rate
Hospitalizations




Evaluation Criteria

Consider an evaluation when three of the following
indications are present:

e Class lll =1V heart failure symptoms

* Inability to walk < 1 block without dyspnea
* Sodium < 136 mEq/L

e BUN>40mgor Cr>1.8 mg/dL

 ACE/ ARB/ BB intolerance

* Diuretic dose > 1.5 mg/kg/d

* 1HFadmit in the past 6 months

* No clinical improvement with CRT
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Steps to Clear the Adoption Chasm

* Viable tool for management of CHF

* Improve patient selection and perioperative management
* Fewer complications and shorter length of stay

* Smaller, less expensive, more durable devices

* 100% success as a bridge to transplantation

* 5-10year DT survival equal to transplantation

* Enhance patient length and quality of life
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Contact Information

Bruce B Reid,
Office: 801-507-3600
Cell: 801-719-8253
24 Hour Hotline: 801-507-LVAD
Bruce.Reid(@imail.org
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Increasing the
of life for patients
with heart failure...




