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History

B First infant heart transplantation was
performed In late 1960s (Kantrowitz et
al., 1967)
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Abstract

Experience with human hear transplantation is reported. Atechnically successful infant heart transplantation was
I5l

performed on December G, 1267. The child died 2 hours postoperatively in severe metabolic and respiratory

acidosis.

Another heattransplantation was pedformed on January &, 1968; the recipient was a o7-year cld man. The donor

1
. ) . . 1O :
heart was unable to suppart the circulation, and the patient died 2 hours postoperatively.

Froblems in the selection of donors and of recipients, in the surgical technic, and in the postoperative
management are discussed.

TLI'lfThis work was supported by Grant HE-1117 32 from the U, 2. Pubklic Health Service.




1980s-1990s

B Cyclosporine based immuno-supression
regimens stimulated an increased application
of heart transplantation in pediatric patients
with intractable heart failure.

B 1985 — Registry of the International Society
for Heart and Lung Transplantation (ISHLT)
recorded 41 pediatric heart transplantations.

B 1995 - 370 pediatric heart transplantations.



Consensus Indications for
Pediatric Heart
Transplantation

B Need for ongoing IV inotropic or mechanical circulatory support

B Complex congenital heart disease not amenable to conventional
surgical repair or palliation or for which surgical procedure
carried a higher risk of mortality than transplantation

B Progressive deterioration of ventricular function or functional
status despite optimal medical care with digitalis, diuretics, and
=

B Malignant arrhythmia or survival of cardiac arrest unresponsive
to medical treatment, catheter ablation, or an automatic
implantable defibrillator

B Progressive pulmonary hypertension that could preclude cardiac
transplantation at a later date

B Growth failure secondary to severe congestive heart failure
unresponsive to conventional medical treatment

B Unacceptably poor quality of life

Circulation, 1995



Contemporary Era

B New medical therapies, such as the use of -
blockers proven to improve survival with heart
failure in adults, are being applied to pediatric

heart failure

B Furthermore, heart trans
Increasingly utilized in ac
heart disease and previo

nlantation has been
ults with congenital
us surgery as they

develop progressive, end-stage disease
B Re-transplantations have formed an

Increasing percentage of
transplantations

pediatric heart



NUMBER OF CENTERS REPORTING
PEDIATRIC HEART TRANSPLANTS
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Number of Transplants
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AGE DISTRIBUTION OF
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NOTE: This figure includes only the heart transplants that are
reported to the ISHLT Transplant Registry. As such, this should not
be construed as evidence that the number of hearts transplanted
worldwide has increased and/or decreased in recent years.




AGE DISTRIBUTION OF PEDIATRIC HEART
RECIPIENTS (Transplants: January 1996 - June 2007)
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AGE DISTRIBUTION FOR DONORS OF
PEDIATRIC HEART RECIPIENTS

(Transplants: January 1996 - June 2007)
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TRANSPLANT RECIPIENTS (Age: <1 Year)
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DIAGNOSIS IN PEDIATRIC HEART
TRANSPLANT RECIPIENTS (Age: 1-10 Years)
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DIAGNOSIS IN PEDIATRIC HEART
TRANSPLANT RECIPIENTS (Age: 11-17 Years)
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Distribution of cardiomyopathy subtypes within PHTSG
recipients transplanted with a diagnosis of cardiomyopathy

Restrictive

Myocarditis
8%

Hypertrophic
)

Canter, C. E. et al. Circulation 2007;115:658-676
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Dilated Cardiomyopathy

B Severity of dysfunction has been found to be
predictive of outcome in some studies but not
In others.

B Similarly, the presence of arrhythmia has and
has not been associated with a greater risk of
death.

B The shape of the ventricle is important
prognostically, with a more spherical shape

associated with a poorer outcome
Matitiau et al., Circulation 1994



Dilated Cardiomyopathy

B Younger age at presentation has been
reported to be associated with a better
outcomel and with a worse outcome? or to
bear no relation to outcome3.

B Symptoms appear to provide poor prognostic
capability because even asymptomatic
patients with incidental discovery of dilated
cardiomyopathy can have a poor prognosis?.

1 Burch, 1994
2Redfield, 1994
SKimball, 1991



Dilated Cardiomyopathy

B Diagnosis of myocarditis may be a
positive prognostic factor in pediatric
dilated cardiomyopathy and that a need
for inotropic and/or mechanical
circulatory support in pediatric patients
with myocarditis does not necessarily
Indicate a poor prognosis (50-80% of
resolution within 2 years of
presentation?!

lEnglish, 2004



Hypertrophic Cardiomyopathy

B Heterogeneous group

B Relatively infrequent cause of pediatric heart
transplantation

B Approximately one fourth of the cases In the
American and Australian registries are
composed of malformation syndromes such
as Noonan’s syndrome and Beckwith-
Wiedemann syndrome.




Hypertrophic Cardiomyopathy

M Risk factors for death or transplantation
« Age at presentation of 1 year,

* Lower presenting echocardiography
shortening fraction

» Higher presenting echocardiographic left
ventricular posterior wall thickness

Lipshultz, 2004
Nugent, 2005



Restrictive Cardiomyopathy

B |_east common type of cardiomyopathy

B |_ess amenable for medical or surgiacl
treatment

B Thus is more likely to lead to
consideration for heart transplantation
than other types of cardiomyopathies.




Congenital Heart Disease



Heart Transplantation as a Primary Therapy for
Congenital Heart Disease

B Hypoplastic left heart syndrome

B Pulmonary atresia with intact septum and
right ventricle—dependent coronary circulation

B Complex heterotaxy syndromes in which a
functional single ventricle can be associated
with anomalous pulmonary venous return and
severe atrioventricular or semilunar valve
disease.



Heart Transplantation as a Primary Therapy for
Congenital Heart Disease

B \Within the past 10 years, survival with
staged, palliative surgery for hypoplastic
left heart syndrome has continued to
Improve.



Heart Transplantation as a Primary Therapy for
Congenital Heart Disease

TABLE 1. No. of Donors and Heart Waiting List Additions <1 Year of Age, 1995 to 2005*

1905 9995 1907 1908 19900 2000 2001 2002 2003 2004 2005
Donors 70 53 57 63 62 65 63 67 53
Waiting list additions 186 156 190 180 137 142 180 19 133 17 118
Data from the Organ Procurement and Transplant Network Database as of January 15, 2006.%
*The data in this table were supported in part by Health Resources and Services Administration contract No. 231-00-0115.

B Decreased use of heart transplantation as
primary therapy for hypoplastic left heart
syndrome and an increased proportion of infant
heart transplantations performed for
cardiomyopathies.



Heart Transplantation as Therapy
In Previously Repaired or Palliated
Congenital Heart Disease
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Figure 2. NMumber of patients transplanted becausse of congeni-
tal heart disease within the PHTSG database and the Cardiac
Transplant Research Database (CTRD).®® Data represent the 367
(40%%) of 923 heart transplant recipients with congenital heart
disease in the PHTSG from 1993 to 2002 and the 121 (1.6%3) of
7345 heart transplant recipients with congenital heart disease in
the Cardiac Transplant Research Database from 1990 to 2002.
Reprinted from Lamour et al,® with permission of the publisher.
Copyright © 2005, the American College of Cardiology
Foundation.




Heart Transplantation as Therapy
In Previously Repaired or Palliated
Congenital Heart Disease

B Congenital heart disease Is a risk factor
for increased mortality in both pediatric
and adult heart transplantation, primarily
owing to increased risks in the

perioperative period.

B However, In those patients who survive
past the perioperative period, the
survival for children and adults
transplanted for congenital heart
disease Is as good as or better than
survival in other diagnostic groups.
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TABLE 4. Heart Failure Staging in Pediatric Heart Disease

Stage Interpretation Clinical Examples

A At risk for developing heart failure Congenital heart defects
Family history of cardiomyopathy
Anthracycline exposure

B Abnormal cardiac structure and/or function Univentricular hearts
No symptoms of heart failure Asymptomatic cardiomyopathy
Repaired congenital heart disease
C Abnormal cardiac structure and/or function Repaired and unrepaired congenital heart defects
Past or present symptoms of heart failure Cardiomyopathies
D Abnormal cardiac structure and/or function Same as stage C

Continuous infusion of intravenous inotropes or prostaglandin E
to maintain patency of a ductus arteriosus

Mechanical ventilatory and/or mechanical circulatory support

Reprinted from Rosenthal et al,'® with permission of the publisher. Copyright © 2004, the International Society for Heart and Lung
Transplantation.




Recommendations for Pediatric
Heart Transplantation

B Stage D heart failure associated with systemic
ventricular dysfunction in pediatric patients with
cardiomyopathies or previous repaired or palliated
congenital heart disease (Level of Evidence B).

B Stage C heart failure in pediatric heart disease
associated with severe limitation of exercise and
activity. If measurable, such patients would have a
peak maximum oxygen consumption50% predicted
for age and sex (Level of Evidence C).

B Stage C heart failure associated with systemic
ventricular dysfunction in pediatric patients with
cardiomyopathies or previously repaired or palliated
congenital heart disease whenheart failure is
associated with significant growth failure attributable
to the heart disease (Level of Evidence B).

Circulation, 2007



Recommendations for Pediatric
Heart Transplantation

B Stage C heart failure in pediatric heart disease with
associated near sudden death and/or life-threatening
arrnythmias untreatable with medications or an
Implantable defibrillator(Level of Evidence C).

B Stage C heart failure in pediatric restrictive
cardiomyopathy disease associated with reactive
pulmonary hypertension (Level of Evidence C).

B |In the presence of other indications for heart
transplantation, heart transplantation is feasible In
patients with pediatric heart disease and an elevated
pulmonary vascular resistance index 6 Woods
units/m2 and/or a transpulmonary pressure gradient
15 mm Hg if administration of inotropic support or
pulmonary vasodilators can decrease pulmonary
vascular resistance to 6 Woods units/m2 or the
transpulmonary gradient to 15 mm Hg (Level of
Evidence B). Circulation, 2007



Cardiac Retransplantation Iin
Pediatric Patients

B Class |

 Retransplantation is indicated in children with abnormal
ventricular function and at least moderate graft vasculopathy
(Level of Evidence B).

B Class IIA

 Retransplantation is indicated in children with normal
ventricular function and at least moderate graft vasculopathy
(Level of Evidence B).

B Class Il

* Retransplantation should not be performed during an
episode of ongoing acute allograft rejection, even in the
presence of graft vasculopathy (Level of Evidence B).

 Retransplantation is not efficacious when performed during
the first 6 months after primary transplantation (Level of
Evidence B).

Circulation, 2007



Adults With Previously Repaired

Congenital Heart Disease

B Class |

Severe systemic ventricular dysfunction after repair of congenital
heart disease in adults when accompanied by persistent or recurrent
stage D heart failure symptoms despite optimal medical therapy
(Level of Evidence B).

Recurrent symptomatic ventricular arrhythmias refractory to all
therapeutic modalities (Level of Evidence B).

In the presence of other indications for heart transplantation, heart
transplantation is feasible in adult patients with congenital heart
disease and an elevated pulmonary vascular resistance index 6
Woods units/m2 and/or a transpulmonary pressure gradient 15 mm
Hg if administration of inotropic support and/or pulmonary
vasodilators can decrease pulmonary vascular resistance to 6 Woods
units/m2 or the transpulmonary gradient to 15 mm Hg (Level of
Evidence B).

Circulation, 2007



Adults With Previously Repaired
Congenital Heart Disease

B Class IIA

 Heart transplantation is indicated as therapy for stage C heart
failure in adults with previously repaired or palliated congenital
heart disease associated with severe limitation of exercise and
activity. Such patients would have peak maximum oxygen
consumption of 15 mL - kgl - minl or 50% predicted for age and
sex (Level of Evidence C).

« Several anatomic and physiological conditions likely worsen the
natural history of previously repaired or palliated congenital heart
disease in adults (especially compared with ischemic or dilated
cardiomyopathy) and enhance the advisability of cardiac
transplantation, including (1) pulmonary hypertension and a
potential risk of developing fixed, irreversible elevation of
pulmonary vascular resistance that could preclude orthotopic heart
transplantation in the future; (2) severe aortic or systemic A-V valve
Insufficiency that is not considered amenable to surgical correction;
(3) severe arterial oxygen desaturation (cyanosis) that is not
considered amenable to surgical correction; and (4) persistent
protein-losing enteropathy despite optimal medical-surgical therapy
(Level of Evidence C).

Circulation, 2007



Heart Transplantation
Technique
B Orthotopic
B Heterotopic
m Biatrial
H Bicaval
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PEDIATRIC HEART TRANSPLANTATION
Kaplan-Meier Survival (Transplants: 1/1982-6/2006)
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PEDIATRIC HEART TRANSPLANTS (1/1995-6/2006)
Risk Factors for 1 Year Mortality

Continuous Factors (see figures)

Recipient Age (borderline) Creatinine
Donor Age Donor BSA (borderline)

Pediatric transplant volume
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PEDIATRIC HEART TRANSPLANTS (1/1995-6/2006)
Risk Factors For 1 Year Mortality

VARIABLE N Realve  puave 9% confidence
Congenital diagnosis, age >0, on ECMO 56 4.80 <0.0001 2.94 -7.83
Congenital diagnosis, age =0, on ECMO 63 4.74 <0.0001 2.99 -7.53
Congenital diagnosis, age > 0, no ECMO 735 2.32 <0.0001 1.76 -3.06
Retransplant 201 2.26 0.0001 1.52 -3.36
Congenital diagnosis, age=0, on PGE 209 1.93 0.0021 1.27 -2.93
Congenital diagnosis, age =0, no PGE or ECMO 352 1.7 0.0039 1.19 -2.45
Year of Transplant: 1995-96 vs. 1999-2000 505 1.54 0.0057 1.13 -2.08
On ventilator 636 1.51 0.0008 1.19 -1.92
Female recipient 1488 1.23 0.0321 1.02 -1.48
Not ABO identical 759 0.77 0.0231 0.61 -0.96

N=3,395
| ISHLT 2008

J Heart Lung Transplant 2008;27: 937-983

Reference diagnosis = cardiomyopathy



PEDIATRIC HEART TRANSPLANTS (1/1995-6/2005)
Borderline Significant Risk Factors For 1 Year Mortality

: 0 :
VARIABLE N Relgtwe P_value 95% Confidence
Risk Interval

VAD (diagnosis other than congenital) 217 1.44 0.0769 0.96 -2.14
Infection requiring IV drug therapy (with 511 1.93 0.0952 0.96 -1.56
2wWk/TX)

Donor cause of death = anoxia 764 0.82 0.0893 0.66 -1.03

N=3,395
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PEDIATRIC HEART TRANSPLANTS (1/1995-6/2006)
Risk Factors for 1 Year Mortality
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PEDIATRIC HEART TRANSPLANTS (1/1995-6/2006)

Risk Factors for 1 Year Mortality
Pre-Transplant Creatinine
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PEDIATRIC HEART TRANSPLANTS (1/1995-6/2006)

Risk Factors for 1 Year Mortality
Center Volume for Pediatric Transplants
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PEDIATRIC HEART TRANSPLANTS (1/1995-6/2006)

Factors Not Significant for 1 Year Mortality

Recipient Factors:
IV Inotropes, sternotomy, history of malignancy,
hospitalized, diabetes

Donor Factors:
Gender, clinical infection, history of diabetes

Transplant Factors:
CMV mismatch, ischemia time, HLA mismatch
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PEDIATRIC HEART TRANSPLANTS (1/1995-6/1997)
Risk Factors For 10 Year Mortality

VARIABLE N RigL\/e V;I)I_Je e |ﬁ?er|]r]:/iglence
Congenital diagnosis, ECMO 15 3.31 .0078 1.37 -7.99
Ventilator 107 1.60 .0339 1.04 -2.48
Female donor 299 1.56 .0141 1.09 -2.24
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PEDIATRIC HEART TRANSPLANTS (1/1995-6/1997)
Risk Factors for 10 Year Mortality

Continuous Factors (see figures)

Creatinine BSA ratio (borderline)

Pediatric transplant volume Donor weight
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PEDIATRIC HEART TRANSPLANTS (1/1995-6/1997)

Risk Factors for 10 Year Mortality
Pre-Transplant Creatinine
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PEDIATRIC HEART TRANSPLANTS (1/1995-6/1997)

Risk Factors for 10 Year Mortality
Donor Weight
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PEDIATRIC HEART TRANSPLANTS (1/1995-6/1997)

Risk Factors for 10 Year Mortality
Center Volume for Pediatric Transplants
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PEDIATRIC HEART TRANSPLANTS (1/1995-6/1997)

Risk Factors for 10 Year Mortality
BSA Ratio (Donor BSA/Recipient BSA)
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Retransplantation in Pediatric
Heart Transplant Recipients

TABLE 3. Indications for Retransplantation in Pediatric Heart
Transplant Recipients Within the UNOS/ISHLT Registry

n (N=219) %
Primary failure 10 5

Hyperacute rejection 7
Acute rejection 19
Graft vasculopathy 51
Chronic rejection 16 7
Nonspecific graft failure 34 16
Other 22 10

Adapted from Mahle et al,*® with permission of the publisher. Copyright ©
2005, the American Association for Thoracic Surgery.




PEDIATRIC HEART RE-TRANSPLANTS

By Transplant Year
Retransplants: January 1994 — December 2006
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PEDIATRIC HEART RE-TRANSPLANTS
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By Intertransplant Interval
Retransplants: January 1994 - June 2007
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Not reported




Retransplantation in Pediatric
Heart Transplant Recipients

B Retransplantation was an independent risk factor for
mortality after transplantation, with an odds ratio of
1.67.

B Risk factors for lower survival after retransplantation
« an intertransplantation interval 180 days
 the need for mechanical ventilation.

B After exclusion of patients with early graft failure, 1-
year survival was similar after retransplantation
compared with primary transplantation (86% versus
83%, respectively);

B However, by 5 years, survival was significantly worse
In retransplantation than in primary transplant
recipients.

ALMOND, 2006
CHIN, 2006



KAPLAN-MEIER SURVIVAL RATES FOR PEDIATRIC HEART
RETRANSPLANTS STRATIFIED BY INTER-TRANSPLANT INTERVAL
Retransplants: January 1994 - June 2006
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PEDIATRIC HEART RECIPIENTS

Functional Status of Surviving Recipients
(Follow-ups: April 1994 - June 2007)
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10 Year (N =554)




PEDIATRIC HEART RECIPIENTS

Rehospitalization Post-transplant of Surviving Recipients
(Follow-ups: April 1994 - June 2007)
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PEDIATRIC HEART RECIPIENTS

Induction Immunosuppression
(Transplants: January 2001 - June 2007)

Any Induction (N = Polyclonal ALG/ATG (N
1,033) = 685)
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OKT3 (N =44) IL2R-antagonist (N =
332)

Analysis is limited to patients who
were alive at the time of the follow-up



% of Patients

PEDIATRIC HEART RECIPIENTS

Induction Immunosuppression (Transplants: January 2001 - June 2007)
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IL2R-antagonist

Test of increasing trend over time:
Any induction p < 0.0001
Polyclonal p < 0.0001

IL2 p = 0.0029

Analysis is limited to patients who
were alive at the time of the follow-up




PEDIATRIC HEART RECIPIENTS

Maintenance Immunosuppression at Time of Follow-up
(Follow-ups: January 2001 - June 2007)

J Heart Lung Transplant 2008;27: 937-983
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PEDIATRIC HEART TRANSPLANTATION

Kaplan-Meier Survival Based on Rejection within 18t Year
(1-Year Follow-ups: July 2004 - June 2006)
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FREEDOM FROM CORONARY ARTERY VASCULOPATHY
For Pediatric Heart Recipients (Follow-ups: April 1994 - June 2007)
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FREEDOM FROM CORONARY ARTERY VASCULOPATHY

For Pediatric Heart Recipients (Follow-ups: April 1994 - June 2007)
Stratified by Age Group
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FREEDOM FROM SEVERE RENAL DYSFUNCTION~

For Pediatric Heart Recipients (Follow-ups: April 1994 - June 2007)
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MALIGNANCY POST-HEART TRANSPLANTATION FOR PEDIATRICS
Cumulative Prevalence in Survivors (Follow-ups: April 1994 - June 2007)

Malignancy/Type 1-Year 5-Year 10-Year
Survivors Survivors Survivors

No Malignancy 3,065 (98.1%) | 1,177 (95%) | 253 (91.7%)

Malignancy (all types combined) 58 (1.9%) 62 (5%) 23 (8.3%)
Malignancy Lymph 54 57 22
Type Other 3 6
Skin 1
Type Not Reported 1 1

NOTE: Multiple types may be reported; sum of types
may be greater than total number with malignancy.
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FREEDOM FROM MALIGNANCY

For Pediatric Heart Recipients (Follow-ups: April 1994 - June 2007)
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PEDIATRIC HEART TRANSPLANT RECIPIENTS:
Cause of Death (Deaths: January 1992 - June 2007)

CAUSE OF DEATH 0-30 Days 31 Days -1 >1 Year - 3 >3 Years -5 >5 Years -10 >10 Years
(N =444) Year (N=392) | Years (N=294) | Years (N=216) [ Years (N =323) (N =144)

ACUTE REJECTION 42 (9.5%) 94 (24.0%) 69 (23.5%) 29 (13.4%) 36 (11.1%) 8 (5.6%)

MALIGNANCY, OTHER 4 (1.0%) 2 (0.7%) 1 (0.5%) 4 (1.2%) 10 (6.9%)

INFECTION, NON-CMV | 53 (11.9%) 64 (16.3%) 20 (6.8%) 8 (3.7%) 14 (4.3%) 10 (6.9%)

GRAFT FAILURE 95 (21.4%) 41 (10.5%) 53 (18.0%) 49 (22.7%) 68 (21.1%) 32 (22.2%)

OTHER 26 (5.9%) 30 (7.7%) 33 (11.2%) 25 (11.6%) 35 (10.8%) 12 (8.3%)

RENAL FAILURE 1 (0.2%) 3 (0.8%) 1 (0.5%) 2 (1.4%)
CEREBROVASCULAR 26 (5.9%) 13 (3.3%) 9 (3.1%) 2 (0.9%) 6 (1.9%) 1 (0.7%)
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