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Historical Background

i Technigues developed by Drs. Shumway
and Lower

¢ Enabled possibility of cardiac transplantation

i First transplant performed by Dr. Barnard
Dec 3, 1967 in Cape Town, South Africa

i Endomyocardial biopsy and Cyclosporine
enhanced patient survival
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Epidemiolgy




Congestive Heart Failure
Facts and Figures

Hospital discharges for heart failure by sex (United
Prevalence of heart fatlalesb} &% 208 7Age (National Health

i 5.7 million with CHF
i 550,000 new cases /yr

it CHF 1° dx. for 900,000
hospitalized pts/yr

u Most common reason for |
hospitalization for pts > 65 v we wae | nmasoediil

Roger V L et al. Circulation 2011:123:e18-0209 " American Heart
Copyrigh! © American Heart Assocatior Association

Learn and Live

Sources: National Health and Nutrition Examination Survey (NHANES) 2005-2008 (£ \



Congestive Heart Failure
Facts and Figures

Deaths Attributed to Heart Failure,* U.S., 197071 2007

Deaths (Thousands)
400

i More prevalent than
breast, colon, lung CA

i Multiple etiologies
Ischemic most common

in U.S.
i 20% expected to die _
< 1 yr from diagnosis con

i 300,000 deaths / yr

One Year Death Rate

J. B. O'Connell, Clinical Cardiclogy 2000;
23 (Suppl H): 6-10

Source: Vital Statistics of the United States, NCHS.



NUMBER OF HEART TRANSPLANTS
REPORTED BY YEAR AND LOCATION
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DIAGNOSIS IN ADULT HEART TRANSPLANTS

CAD
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Bridge to Transplantation
Mechanical Circulatory Support*

50

40

20
) “‘\ “‘\
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2000 2001 2002 2003 2004 2005 2006 2007 2008
Year

tD ISHLT * LVAD, RVAD, T@
J Heart Lung Transplant. 2010 Oct; 29 (10):; 1083-11
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Donor and Recipient
Selection




Surgical Therapy

i All cardiac surgeons treat heart failure

¢ Coronary artery bypass surgery
¢ Valve replacements/repairs

i Specialized Surgical Therapies

¢ Bi-ventricular pacing

¢ Ventricular Remodeling

¢ Passive restraint devices

¢ Mechanical Circulatory Assist Devices

¢ Heart Transplantation
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Cardiac Transplantation
Indications

Irreversible cardiac disease

¢ Ischemic and idiopathic cardiomyopathy two most
common indications

Severe CHF on maximal therapy
¢ (NYHA I/IV)

No medical or surgical treatments available

Acceptable pulmonary vascular resistance
¢ <4 woods units

Psychosocial and financial clearance
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Cardiac Transplantation

Active systemic infection
rreversible hepatic or renal dysfunction
Unresolved, recent malignancy

~1Xxed pulmonary hypertension

¢ PAS > 60 mmHg
¢ Transpulmonary gradient > 15 mmHg
¢ PVR > 6 Wood units

Poor psychosocial support
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Heart Allocation System
UNOS

i Significant shortage of donor hearts

¢

10-20% of patients die on waiting list

u Status la

O 0 0 0O 0

Mechanical Device (LVAD, etc) < 30 days
Device Complication (Infection, failure, etc)
Intubated

Inotropes AND Swan Ganz Catheter

Life Expectancy <30 days




Heart Allocation System
UNOS

u Status 1b

¢ Mechanical device > 30 days

¢ Continuous inotropes (no Swan Ganz
Catheter)

0 Status 2
¢ All other patients
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Donor Heart Criteria

Structurally normal
¢ Echocardiogram / Catheterization / Inspection

Good function
¢ Hemodynamics / Echocardiogram / Inspection

Low dose inotropes
Age < 55 — 65 years
Negative Serology for HIV, Hep B, Hep C

Absence of:

¢ Prolonged CPR, Septicemia, Extracerebral
Malignancy, Cardiac Trauma
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% of Transplar

HEART TRANSPLANTS:

Donor Age by Year of Transplant

Mean donor age (years)

11-17 = 18-34 = 35-49 mm 50-59 mw 60+ Mean Age

J Heart Lung Transplant. 2010 Oct; 29 (10): 1083-11 Q
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Donor Recipient Matching

ABO Compatible
Donor Weight + 30 %

¢ Larger donor for elevated PVR
Prospective crossmatch for Panel

reactive antibody (PRA) level above 15%

cl ncreased uti |l 1 z amatclo n
Estimated ischemic time < 4-6 hrs

of
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Recipient Risk:
IMPACT risk Index

i Previously, no well-validated recipient
risk index

i Validated recipient risk index derived
using UNOS data

¢ Maximum of 50 points
¢ Comprised of 12 recipient variables

¢ Highly correlated with increased risk of 1-yr mortality

« Each assigned point associated with 14% increase in odds
of 1-yr mortality

Weiss et al., "Creation of a Quantitative Recipient Risk Index for Mortality Prediction After Cardiac
Transplantation (IMPACT). Ann Thorac Surg. 2011; 92(3): 914-22
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Technical Aspects




Donor Heart Preservation

i Most commonly used technigue is hypothermic
storage using single flush technique
i Many different storage solutions available

¢ Celsior®, Viaspan®, Perfadex®, Eurocollins, HTK, etc
¢ Recent study suggests Viaspan® may be superior

Time (days)

Number at Risk Median Follow-up 21.9 months

uw 3,107 2,705 2,326 2,326 : ‘ ,
CS 1,803 1,506 1,388 1,261 ; \ \

George et al., "Organ storage with University of Wisconsin solution is associated with improved outco
after orthotopic heart transplantation. J Heart Lung Transplant. Sep 2011; 30(9): 1033-43.




Donor Heart Preservation

i Basic principles:
¢ Arrest the heart
¢ Keep heart decompressed

¢ Flush vascular tree until clear effluent from
coronary sinus

¢ Excise heart and package in hypothermic solution
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1 SVC & IVC encircled

Donor Heart Recovery

Median sternotomy
i Widely open pericardium
Inspect the heart

Mobilization for
cardiectomy

i Aorta separated from PA
Heparinization
i Antegrade cardioplegia s

PERFUSATE




1 Vent heart

Donor Cardiectomy

Ligate SVC
¢ Distal to Azygous vein

¢ Divide LA appendage
¢ Incise IVC

i Apply aortic X-clamp
Cold cardioplegia
Complete IVC division

From inferior to superior,
divide pulmonary veins
¢ Retain LA cuff

i Ascending aorta and
SVC divided last




Donor Heart Storage

saline




Native Heart after Excision




Bicaval Anastomotic Technique




Aortic & Pulmonary Anastomoses




Bicaval Anastomotic Technique

i Increasingly performed
technique
¢ 60% of all OHT

u Assoclated with:

¢ Less need for permanent
pacemaker

¢ Shorter hospital LOS
¢ Possible survival benefit

Weiss et al., "Outcomes in bicaval versus biatrial techniques in
heart transplantation: an analysis of the UNOS d at a b aldeart
Lung Transplant. Feb 2008; 27(2): 178-83.

Russo et al . “Standard versus
Heart Transplantation: An Anal
JTCVS. Sep 2010; 140 (3): 700-8.
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Rejection




Immunosuppression

i Basic strategy universal, drug choices differ
i Triple Drug Therapy

¢ Calcineurin inhibitor:
« Tacrolimus / Cyclosporine/ Rapamycin
» Blocks Lymphokine IL-2 production/effect

¢ Metabolic Inhibitor: Mycophenolate / Azathioprine
 Affects purine metabolism

¢ Steroids
* Nonselective immunosuppressive effect

i Induction Therapy (ATG/ OKT3/ Zenapax)

¢ Selected indications; Routine use not recommended
¢ Results controversial

Q




Endomyocardial Biopsy

i Most programs use

i Widely variable
survelillance schedules

i More use early than late
¢ <6 months

i Jugular or femoral

it Complications 1-2%

¢ Tricuspid valve injury &%
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Acute Rejection

i Normal host response to foreign cells

i Cellular rejection

¢ Mediated by cellular limb of immune system
Involving macrophages, cytokines, T lymphocytes

¢ 80% of episodes in 15t 3 months
¢ 80-96% successfully treated with steroids alone

i Antibody mediated (Humoral) rejection
¢ B-cell predominance

¢ Less common
< More difficult to treat

Q



ISHLT Grading System for
Acute Cellular Rejection

* NO rejection

Grade O

* Interstitial or perivascular infiltrate
» With up to 1 focus myocyte damage

Moderate

* Two or more foci of infiltrate with

associated myocyte damage
Grade 2R yoey g

Severe

* Diffuse cellular infiltrates with multiple
foci of myocyte damage
Grade 3R| « +/- Edema, hemorrhage, or vasculitis

Grade 3
(Focal)

Grade 3
(Diffuse)
Grade 4

* NO rejection

* A — Focal interstitial infiltrate without damage
» B — Diffuse infiltrate without damage
» Grade 2 — One focus of infiltrate with damage

Moderate

o Multifocal infiltrate with myocyte
damage

» Grade 3 Diffuse — Multiple areas of
infiltrate with diffuse myocyte damage

» Grade 4 - Edema, hemorrhage,
vasculitis




Treatment of Cellular Rejection

Grade 1R Grade 2R Grade 3R

Normal Normal
Hemodynamics Hemodynamics
\

Steroid Resistant Anti-thymocyte
and *“rcaiind oo

Cyclosporine (or Tacrolimus) and Mycophenolate (or Azathioprine) continued at pre-rejection doses,
long as levels in therapeutic range

Oral/lV pulse
dose steroids




ISHLT Grading System for
Acute Antibody-Mediated Rejection

Table 3. ISHLT Recommendations for Acute Antibody-Mediated Rejection (AMH)
2004 1990

AMR D Megative for acute antibody-mediated rejection
Mo histologic or immunopathologic features of AMR

AME 1 Pusitive for AMR Humoral rejection (positive immunoflourescence, vasculitis or severe

edema in absence of cellulsr infiltrate) recorded as additional
required information

Histologic features of AMRA
Positive immunofluorescence of immunoperoxidase
staining for AMR {positive CDE8, C4d)




Treatment of Antibody-Mediated
Rejection (AMR)

i No consensus on treatment algorithm

u Subclinical AMR warrants treatment
¢ Risk of chronic graft CAD, restrictive dysfunction

i Treatment options:
¢ High dose steroids
¢ Plasmapheresis
¢ Intravenous immunoglobulin (IVIG)
¢ Anti-lymphocyte antibodies (Rituximab)
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Outcomes




ADULT HEART TRANSPLANTATION

Kaplan-Meier Survival by Era
(Transplants: 1/1982 — 6/2008)

100

All comparisons are significant at p < 0.0001
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Cardiac Allograft Vasculopathy

Significant cause of death
after 1st year

Insidious onset

¢ 50% of patients by 5 years
Immune and non-immune
factors

Diffuse, concentric intimal

proliferation

¢ Smooth muscle cell & macrophage
infiltration

¢ narrowing along entire vessel

Difficult to diagnose and
treat




ADULT HEART TRANSPLANT RECIPIENTS:
Causes of Death Within 1 Years (Deaths: January 1992 - June 2009)

¢ Primary graft failure
¢ Multi-system organ failure
¢ Infection

¢ Infection

¢ Graft failure

¢ Rejection

¢ Multi-system organ failure

Q



ADULT HEART TRANSPLANT RECIPIENTS:
Causes of Death Greater than 5 Years

¢ Cardiac allograft vasculopathy
¢ Malignancy

¢ Infection

¢ Graft failure




Future directions

i Organ preservation techniques
i Immunosuppression

i Genetic manipulation
¢ Allograft tolerance

i Xenotransplantation
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