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Christian Benden, MD, Jason D. Christie, MD, MS, Anne I. Dipchand, MD, FRCPC,
Fabienne Dobbels, PhD, Richard Kirk, MA, FRCP, Axel O. Rahmel, MD, and
Marshall I. Hertz, MD, for the International Society of Heart and Lung Transplantation
From the International Society for Heart and Lung Transplantation, Addison, Texas.
This 29th adult transplant report is based on data sub-
mitted by 394 transplant centers worldwide. In excess of
104,000 heart transplants have been registered in the data-
base. Summary data are provided for the entire cohort of
patients, whereas a number of additional analyses focus on
cohorts of patients transplanted more recently. Detailed data
analyses can be viewed on the slide set of the registry of the
International Society for Heart and Lung Transplantation
(ISHLT), which is available online (www.ishlt.org/registries).

The report is divided into several sections. Baseline donor,
recipient and medical center demographics are reviewed first.
The second part focuses on immunosuppressive therapies and
acute allograft rejection. Survival after heart transplant is ex-
amined next, and data on post-transplant morbidities and qual-
ity of life after transplant conclude the report.

Statistical methods

Recipient and donor demographics, immunosuppressive
treatments, morbidity, hospitalization, causes of death and
functional status are summarized using percentages or me-
dian with 5th and 95th percentiles. Survival rates were
calculated using the Kaplan–Meier method1 and compared
using the log-rank test. Multivariable analyses were per-
formed using Cox proportional hazard regression analysis.2

Results of the multivariable analyses are reported as relative
risk, with a corresponding p-value and/or 95% confidence
limits. Multiple imputation was used to handle missing
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information for continuous data fields.3 This method pro-
duces an estimated value for the missing value based on the
other characteristics of the patient, donor and/or transplant.
The algorithm is performed multiple times, producing new
estimates for the missing information. Models were fit on
each imputed data set and then combined to produce a final
set of estimates from which the relative risk estimates and
p-values are obtained.

Heart transplant demographics

Transplant volumes

In 2010, a total of 3,892 heart transplants were reported to
the ISHLT Registry. The annual heart transplant volume
and the general geographic distribution of registered trans-
plants have been relatively constant in the past decade
(Figure 1). It is estimated that approximately two thirds of
all heart transplants performed worldwide are captured by
the ISHLT Registry. The ISHLT is committed to facilitating
participation of additional centers in the Registry, especially
those from the underrepresented regions of Asia and South
America.

There are substantial differences in the transplant volume
at heart transplant centers. Most centers (77%) perform �20
heart transplants per year. A smaller number of centers
(23%) perform �20 transplants per year and are responsible
for 52% of all transplant volume.

Donor demographics

The median heart allograft donor age in 2010 was 31 years.

Donor age has remained relatively constant in non-Euro-
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pean transplant centers for more than a decade; in Europe,
the median donor age for heart recipients of all ages has
continued to increase and has now reached 42 years (Figure
2). The proportion of donors �50 years of age is 8% in
North America and 27% in Europe. Allografts from donors
�60 years of age are used sparsely—only 2% of all donors
(N � 80) in 2010 were in this age group. In adult heart
transplantation, hearts from older donors are more often
transplanted into older recipients (Figure 3). Additional
donor characteristics are presented in Table 1.

Recipient demographics

As shown in previous reports,4–9 there have been changes
over time in the distribution of heart disease etiology lead-
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Figure 1 Number of heart transplants by year and geographic
location. Note: This figure includes only the heart transplants that
are reported to the heart transplant registry of the ISHLT. As such,
the presented data may not fully mirror the changes in the number
of heart transpants performed worldwide.
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Figure 2 Median donor age distribution by geographic location
for heart transplants.
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Figure 3 Donor and recipient age (adult heart transplants: Jan-

uary 2006 to June 2011).
ing to the need for heart transplantation. These temporal
trends are likely a result of changes in heart disease epide-
miology as well as a result of the evolution in therapies for
advanced heart failure. In the last 5 years (January 2006 to
June 2011), non-ischemic cardiomyopathy was the leading
diagnosis in adult patients undergoing heart transplant
(54%), followed by ischemic cardiomyopathy (37%). The
remaining patients were transplanted for congenital heart
disease (3%), valvular heart disease (3%) or underwent
heart retransplantation (3%); transplants for other heart dis-
eases represented �1% of the total volume.

The changes in age distribution of adult heart transplant
recipients are shown in Figure 4. Recipients �60 years of
age are being transplanted with increasing frequency, and
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Figure 4 Age distribution of adult heart transplant recipients by
era.
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Figure 6 Panel-reactive antibody (PRA) distribution. If Class I
and II values were reported separately, then the higher of the two
values was used (adult heart transplants: January 2006 to June

2011).
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1.5% of patients transplanted in the past 5 years were
septuagenarians (Figure 4). There are, however, significant
regional differences in the distribution of recipient age (Fig-
ure 5).

Table 2 shows additional adult recipient demographics
and illustrates changes in the recipient profiles in the past
two decades. These changes appear to result from a com-
bination of changing demographics of the general popula-
tion, as well as the willingness of clinicians to transplant
higher risk patients. The median weight, height and body
mass index (BMI) have increased. Females were trans-
planted somewhat more often in the recent past, with almost
one quarter of recipients now being women. The comorbid-
ity burden in recipients has continued to rise—in the most
recent era, 25% had diabetes mellitus, 44% had hyperten-
sion, 45% had previous heart surgery and 6% had previous
malignancy. Approximately 18% of recipients for whom
panel-reactive antibody (PRA) data were reported are now
transplanted with PRA �10% (Figure 6). Allograft isch-
emic time has also increased, to an average of 3.1 hours.
Probably as a result of reports indicating worse survival in
male recipients receiving female donor hearts, this scenario
is now less frequent than before (17%). The proportion of
patients being bridged to transplant with mechanical circu-
latory support continued to increase rapidly (for details see
“Mechanical circulatory support” sub-section in “Post-
transplant outcomes”).

Approximately 2% of heart transplants in 2010 (N � 81)
were performed in combination with a concurrent abdomi-
nal organ transplant—heart–kidney (N � 67), heart–liver
(N � 13) or heart–kidney–pancreas (N � 1).

Immunosuppression and rejection

There has been a decrease in the use of immunosuppressive
induction therapy. In the first 6 months of 2011, we for the
first time saw immunosuppressive induction use in less than
half of patients transplanted (47%), as shown in Figure 7.
Most of the patients received interleukin-2 receptor (IL-2R)
antagonists (28% of all patients, or 59% of those receiving
induction), a volume comparable to that in the previous 4

Table 1 Donor Characteristics by Era of Adult Heart Transplan

1992–2000
(N � 36,507)

Donor age (years) 31.0 (15.0–54.0)
Donor gender (% male) 68.4%
Donor weight (kg) 74.8 (52.0–103.0)a

Donor height (cm) 175.0 (155.0–188.0)a

Donor body mass index 24.2 (18.8–32.9)a

Donor history of cigarette use 38.0%a

Donor history of hypertension 10.8%a

Donor history of diabetes mellitus 1.6%

Continuous factors expressed as median (5th to 95th percentile).
aBased on April 1994 to 2000 transplants.
years. The use of other immunosuppressive induction
agents has decreased. In 2011, 18% of patients received
polyclonal anti-lymphocytic antibodies and 2% received
alemtuzumab; OKT3 was not used for induction at all.

Detailed information on maintenance immunosuppres-
sion therapy is available in the online slide set. Similar to
previous years, there was a continued trend for use of
tacrolimus over cyclosporine as the preferred calcineurin
inhibitor, and the use of mycophenolate mofetil (MMF) or
mycophenolic acid (MPA) over azathioprine as the pre-
ferred cell-cycle inhibitor. The use of target-of-rapamycin
(mTOR) inhibitors sirolimus and everolimus at 1 year after
transplant remained relatively low (9%); however, use of
sirolimus and everolimus later after transplant has in-
creased, and their use at 5 years after transplant is now 20%
(Figure 8, data shown for patient follow-up visits January
2008 to June 2011). Prednisone use remains frequent, but it
has been gradually decreasing. For the first time, more than
half of the patients (51%) were reported to be “steroid-free”
at 5 years after transplant (Figure 8).

Advances in immunosuppressive therapy resulted in a
marked decrease in the incidence of acute rejection over the
past 20 years. In patients transplanted between April 1994
and 1999, admission to the hospital for rejection treatment
was required in 42% of patients within 1 year and in 55%
within 3 years of transplant. These have decreased to
29% within 1 year and 43% within 3 years for patients
transplanted between 2000 and 2004. In the most recent
cohort transplanted between 2005 and June 2010, only
22% required admission for treatment of rejection in the
first year and 36% in the first 3 years after transplant
(Figure 9).

More detailed data on the rejection events being col-
lected recently have provided additional information for
patients transplanted between 2004 and 2009 (Table 3). The
percentage of patients treated for rejection in the first post-
transplant year has decreased from 26% in 2004 to 16% in
2009. In the same time period, there has also been an
increase in the number of untreated acute rejection episodes;
this change in clinical care has likely resulted from a more
widely accepted view that mild forms of acute cellular
rejection might be self-limited and may not require treat-

001–2005
N � 16,352)

2006–6/2011
(N � 17,868) p-value

33.0 (16.0–55.0) 34.0 (17.0–56.0) �0.0001
9.0% 69.4% 0.0545
76.7 (55.0–108.6) 79.4 (56.7–113.0) �0.0001
75.0 (157.0–189.0) 175.0 (158.0–190.0) �0.0001
24.8 (19.5–34.3) 25.5 (19.9–36.2) �0.0001
9.1% 19.2% �0.0001
1.4% 13.4 �0.0001
2.0% 2.8% �0.0001
tation

2
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ment with acutely augmented anti-rejection therapy.10
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Therefore, the decrease in hospitalization rate for rejection
in this time period is likely a result of not only a lower
incidence of rejection (see online slide set), but also of less
aggressive treatment of its mild forms.

Registry data do not allow us to elucidate additional
details such as the type of rejection; therefore, we cannot
specifically comment on changes in the incidence of anti-

Table 2 Recipient Characteristics by Era of Adult Heart Trans

1992–2000
(N � 36,507)

Pre-transplant diagnosis:
Non-ischemic cardiomyopathy 46.4%
Ischemic cardiomyopathy 45.8%
Valvular cardiomyopathy 3.8%
Retransplant 1.9%
Congenital heart disease 1.8%
Other causes 0.4%

Age (years) 54.0 (28.0–65.0)
Gender (% female) 19.3%
Weight (kg) 75.0 (51.0–101.6)
Height (cm) 173.0 (157.0–188.0
Body mass index 25.0 (18.9–32.7)
Male recipient/female donor 21.2%
History of cigarette use —
Comorbidities:

Diabetes mellitus 17.8%b

Hypertension 34.2%b

Peripheral vascular disease 3.8%b

COPD 3.2%b

Prior malignancy 3.2%b

Prior cardiac surgery —
Serum creatinine (mg/dl) 1.2 (0.7–2.5)
Panel-reactive antibody �10%c

Overall 7.7%
Class I —
Class II —

Hospitalized at time of transplant 60.2%
Mechanical ventilation 3.5%
Pre-operative inotropic and circulatory

support
Intravenous inotropes 55.8%b

IABP 6.8%
LVAD 12.1%g

RVAD —
TAH 0.1%g

ECMO 0.3%i

Allograft ischemic time (hours) 2.6 (0.0–4.5)

Continuous factors are expressed as median (5th to 95th percentile
aBased on July 2004 to 2005 transplants.
bBased on April 1994 to 2000 transplants.
cPRA was collected as a single percentage outside of the USA. Until m

was collected separately for Class I and Class II.
dBased on USA 2001 to June 2004 transplants and non-USA 2001 to
eBased on non-USA transplants.
fBased on USA transplants.
gBased on November 1999 to 2000 transplants.
hBased on 2005 transplants.
iBased on May 1995 to 2000 transplants.
body-mediated rejection.
Survival

The median survival for the entire cohort of 96,273 adult
and pediatric heart recipients who completed at least 1 year
of follow-up is 10 years. Patients who live past the first year
post-transplant have a 63% likelihood of being alive 10
years post-transplant and a 27% chance of being alive 20

ion

2001–2005
(N � 16,352)

2006–June 2011
(N � 17,868) p-value

�0.0001

48.5% 53.8%
42.6% 37.1%
3.3% 2.6%
2.2% 2.6%
2.7% 3.0%
0.6% 0.9%
54.0 (26.0–66.0) 54.0 (24.0–67.0) 0.0064

22.3% 23.7% �0.0001
77.6 (53.0–106.6) 79.4 (53.1–110.2) �0.0001

174.0 (157.5–188.0) 175.0 (157.5–188.0) �0.0001
25.6 (19.2–33.8) 26.0 (19.2–34.9) �0.0001

18.4% 16.6% �0.0001
46.6%a 46.5% 0.9848

20.2% 25.4% �0.0001
38.1% 44.1% �0.0001
3.2% 2.9% 0.0002
3.2% 4.2% �0.0001
4.5% 6.4% �0.0001

38.9%a 45.4% �0.0001
1.2 (0.7–2.4) 1.2 (0.7–2.3) �0.0001

8.8%d 12.7%e �0.0001
— 14.2%f —
— 9.1%f —
47.8% 44.6% �0.0001
3.3% 2.9% 0.0141

47.3% 42.6% �0.0001
6.9% 6.2% 0.0731

17.0% 27.3% �0.0001
5.0%h 3.8% 0.0125
0.1% 0.9% �0.0001
0.5% 1.0% �0.0001
2.9 (0.0–4.9) 3.1 (0.0–5.0) �0.0001

4 PRA was collected in USA as a single percentage. After this date, PRA

transplants.
plantat

)

).

id-200

2005
years post-transplant. When survival is stratified by the era
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of transplant, it can be seen that there has been a continued
improvement in survival over the past 3 decades (Figure
10). Most of this survival improvement is related to mor-
tality reduction during the first post-transplant year. Al-
though a sizeable improvement in long-term survival is seen
compared with transplants performed between 1982 and
1992, mortality beyond 1 year after transplant has remained
relatively constant for patients transplanted in the past 20
years (see online slide set). It is likely that interventions
resulting in a reduction of events leading to long-term mor-
tality will be needed to achieve further improvements in
survival after heart transplant.
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Figure 7 Induction immunosuppression for adult heart trans-
plant recipients. Analysis limited to those patients who were alive
at time of follow-up (transplants: 2002, 2007 and January to June
2011).
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Figure 8 Maintenance immunosuppression at time of follow-up
for adult heart transplant recipients Note: Different patients were
analyzed in Year 1 and and Year 5. Analysis limited to those
patients who were alive at time of follow-up (follow-ups: January
2008 to June 2011).
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Figure 9 Freedom from hospitalization for rejection by era for
adult heart transplant recipients (transplants: April 1994 to June

2010).
A number of survival analyses presented in the online
data set provide additional insights into the specifics of
post-transplant survival in different patient sub-groups (see
online slide set). Pre-transplant heart disease etiology has
been shown to have a major effect on post-transplant sur-
vival (Figure 11). At 1 year after transplant, there are large
differences in survival among the different groups of pa-
tients, with patients with valvular cardiomyopathy (79%
1-year survival), congenital heart disease (79% 1-year sur-
vival) and retransplantation (81% 1-year survival) having
lower survival compared to patients with ischemic cardio-
myopathy (84% 1-year survival) and non-ischemic cardio-
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Figure 10 Kaplan–Meier survival by era (adult heart trans-
plants: January 1982 to June 2010).

Figure 11 Kaplan–Meier survival: 1 year (A), conditional to
1-year survival (B) and long term (C) survival by diagnosis (adult
heart transplants: January 2003 to June 2010). CM,
cardiomyopathy
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myopathy (86% 1-year survival) (Figure 11A). There were
also differences in long-term survival, beyond 1 year after
transplant, and these differences did not necessarily mirror
the mortality risk of the first post-transplant year. For ex-
ample, mortality risk beyond 1 year after transplant in pa-
tients with congenital heart disease (who had a high 1-year
risk of mortality) was lower than the long-term mortality
risk of patients with ischemic cardiomyopathy. In contrast,
patients who underwent retransplantation (and who also had
a higher risk of 1-year mortality) continued to have a higher
risk of long-term mortality (Figure 11B). The combined
effect of the different hazards is demonstrated in the sur-
vival curves shown in Figure 11C. For example, patients
transplanted for congenital heart disease had numerically
the highest mortality 1 year after transplant; however, their
survival at 7 years after transplant was no different from that
of patients with ischemic cardiomyopathy.

Recipient age at the time of transplant also influenced
post-transplant survival; however, in the more recent patient
cohort, differences in survival within the first 7 years post-
transplant among recipients of different age have been rel-
atively modest (Figure 12).

Mechanical circulatory support

The proportion of patients being bridged to heart transplan-
tation with mechanical assist devices has been increasing
progressively in the past 5 years, with 36% of patients being
on mechanical support at the time of transplant in 2010
(Figure 13). The vast majority of these patients were being
supported with left ventricular assist devices (LVADs)—
32% of all patients, or 89% of patients on mechanical
support; approximately 4% of the patients (10% of patients
on mechanical support) required biventricular support either
with left and right ventricular assist devices or with a total
artificial heart (TAH). The use of isolated right ventricular
support with a right ventricular assist device (RVAD) was
rare at �1%.

Post-transplant survival of patients supported to trans-
plant with circulatory support has improved in recent years.
Figure 14 shows post-transplant survival in such patients
who were transplanted between January 2005 and June

Table 3 Rejection between Transplant Discharge and
1-Year Follow-up for Adult Heart Recipients

Transplant year

Rejection,
treated

Rejection,
untreated No rejection

N % N % N %

2004 (N � 1,563) 399 25.5 106 6.8 1,058 67.7
2005 (N � 1,674) 386 23.1 96 5.7 1,192 71.2
2006 N � 1,734) 375 21.6 157 9.1 1,202 69.3
2007 N � 1,740) 311 17.9 199 11.4 1,230 70.7
2008 N � 1,656) 258 15.6 196 11.8 1,202 72.6
2009 N � 1,726) 276 16.0 242 14.0 1,208 70.0
2010. Patients bridged to transplant with continuous-flow
LVADs had post-transplant survival of 87% at 1 year and
82% at 3 years, a survival similar to that in patients without
LVAD and not on inotropic support (88% and 82% at 1 and
3 years, respectively). Compared to patients without LVAD
and on inotropic support at the time of transplant—who had
1-year survival of 90% and 3-year survival of 83%—pa-
tients on continuous-flow LVADs had a slightly lower sur-
vival. On the other hand, patients in need of biventricular
support had a considerably lower post-transplant survival
than patients bridged with left ventricular support alone.
Survival of patients supported with both an LVAD and an
RVAD was 81% at 1 year after transplant and 72% at 3
years after transplant, whereas survival of patients bridged
with a TAH was 80% at 1 year and 66% at 3 years after
transplant (Figure 14).

Causes of death

The leading causes of death after transplant are acute rejec-
tion, graft failure, cardiac allograft vasculopathy (CAV),
infection, renal failure and malignancy. The relative contri-
bution of these etiologies to post-transplant mortality
changes with time elapsed since transplant. This is illus-
trated in Figure 15, which shows causes of death for patients
who died between 2002 and June 2011. Graft failure and
infection were the leading causes of death in patients dying
during the first 3 post-transplant years. Beyond approxi-
mately 3 years after transplant, malignancy and cardiac
allograft vasculopathy became the major contributors to
mortality. Of note, acute rejection has been directly respon-
sible for only a minority of deaths; however, it is likely that
consequences of acute rejection as well as chronic immune
injury are responsible for deaths denoted in the registry as
“graft failure” mortality.

Mortality risk factors: Adjusted multivariable
models

Risk factors for 1-year mortality

The results of a multivariable proportional hazards model,
which examined risk factors for 1-year post-transplant mor-
tality for a group of patients transplanted between 2005 and
June 2010, are shown in Table 4. The association of con-
tinuous variables with mortality is further explored in the
online slide set.

Several of the baseline demographic characteristics of
the donor and the recipient remain potent predictors of
1-year mortality: Increasing donor age was associated with
a fairly linear increase of the risk, as was allograft ischemic
time �200 minutes. There was a U-shaped relationship
between recipient age and mortality risk, with patients in
their 40s and early 50s at the time of transplant being at the
lower end of the risk, and both younger and older recipients
having higher risk of 1-year mortality (Figure 16). Renal

dysfunction (higher recipient serum creatinine or recipient
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need for dialysis) was also a strong mortality risk factor.
Etiology of the heart disease resulting in the need for heart
transplant affected 1-year survival, with congenital heart
disease patients and patients needing retransplantation fair-
ing worse (Table 4).

The need for mechanical circulatory support before
transplant conferred increased risk for 1-year mortality.
This risk was highest for extracorporeal membrane oxy-
genation (ECMO) and temporary pulsatile support (RR �
3.1), followed by TAH support (RR � 1.9) and tempo-
rary continuous-flow VAD support (RR � 1.8). In this
multivariable analysis, patients with durable VADs also
had an increased risk of mortality, if less pronounced
than the risk associated with temporary devices—RR �
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Figure 13 Percentage of adult heart recipients bridged with
mechanical circulatory support by year and device type. LVAD,
left ventricular assist device; RVAD, right ventricular assist de-
vice; TAH, total artificial heart.
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2011).
1.5 and 1.4 for durable continuous- and pulsatile-flow
VADs, respectively. It can be debated whether multivari-
able analysis using recipient characteristics at the time of
transplant (rather than at the time of VAD implant) is the
most appropriate way to assess the independent effect of
mechanical assist on post-transplant survival. For exam-
ple, mechanical assist favorably alters recipient charac-
teristics such as renal and hepatic function.11 It is not
known whether this improvement completely reverses the
mortality risk associated with the renal and hepatic dys-
function present before VAD implant, and therefore this
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Figure 16 Recipient age and relative risk of mortality 1 year
after transplant (adult heart transplants: January 2005 to June
2010).
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factor could affect the performance of the multivariable
model in patients on mechanical assist. The effect of
mechanical support on patient morbidity, quality of life,
transplant candidacy and survival on the transplant wait-
ing list— events preceding the transplant episode—also
needs to be taken into consideration.

Risk factors for 5-year mortality

Table 5 shows the results of a multivariable proportional
hazards model that addressed risk factors for 5-year post-
transplant mortality for a group of patients transplanted
between 2001 and June 2006. The main baseline demo-
graphic donor and recipient characteristics that repre-

Table 4 Risk Factors for Mortality Within 1 Year of Transplant
2010 (N � 10,288)

Variable

Continuous variables:
Donor

Age
BMI

Allograft ischemic time
Recipient

Age
Weight
Height
Serum bilirubin
Serum creatinine
PRA Class II
Mean pulmonary artery pressure

Transplant center volume
Categorical variables:

Pre-transplant diagnosis:
Congenital vs non-ischemic cardiomyopathy
Retransplant
Ischemic vs non-ischemic cardiomyopathy (borderline sign

Mechanical assist support:
Temporary circulatory supporta

Total artificial heart
Temporary continuous-flow device
Chronic continuous-flow device
Chronic pulsatile-flow device

Recipient on ventilator at time of transplant
Recipient past medical history of:

Dialysis
Transfusion
Infection requiring IV drug therapy within 2 weeks prior to
transplant
Not hospitalized just prior to transplant (borderline signifi

Transplant year:
2005 vs 2009/2010
2006 vs 2009/2010
2007 vs 2009/2010
2008 vs 2009/2010 (borderline significant)

aTemporary circulatory support includes ECMO and temporary pulsati
sented risk for 1-year post-transplant mortality were also
predictors for 5-year mortality. Temporary circulatory
support with ECMO and pulsatile temporary devices and
TAH support remained risk factors for 5-year mortality;
however, continuous temporary devices and durable pul-
satile- and continuous-flow devices did not. A number of
factors affecting donor–recipient immunologic interac-
tions also influenced 5-year survival, such as PRA level
�10%, higher number of HLA mismatches and recipient
pregnancy status. Outpatient status of the recipient at the
time of transplant conveyed a better survival out to 5
years after transplant.

To identify factors that may be responsible for more
intermediate-term mortality, we performed a multivari-
able analysis of 5-year survival using data of 8,982 pa-

dult Heart Transplants Performed January 2005 to June

N
Relative
risk p-value

95%
confidence
interval

�0.0001
0.0182

�0.0001

�0.000
0.0051

�0.0001
0.0026

�0.0001
0.0028
0.0073
0.0256

274 2.11 �0.0001 1.56–2.86
297 1.53 0.004 1.14–2.04

) 4,196 1.14 0.0561 1.00–1.30

175 3.05 �0.0001 2.26–4.10
77 1.90 0.0137 1.14–3.16
49 1.84 0.0261 1.08–3.15

1,241 1.53 �0.0001 1.25–1.88
1,237 1.38 0.0012 1.14–1.68

300 1.63 0.0002 1.26–2.09

231 1.72 �0.0001 1.33–2.23
2,202 1.35 �0.0001 1.17–1.57

1,044 1.25 0.0093 1.06–1.49
5,593 0.89 0.0717 0.78–1.01

1,884 1.22 0.0372 1.01–1.46
1,927 1.36 0.0007 1.14–1.63
1,869 1.23 0.0285 1.02–1.47
1,778 1.18 0.0696 0.99–1.42

devices.
, for A

ificant

cant)
tients from the aforementioned cohort of 10,507 patients,



le-flow

1060 The Journal of Heart and Lung Transplantation, Vol 31, No 10, October 2012
who survived beyond the first year after transplant. In
addition to factors identified in the previous model, the
following characteristics predicted mortality at 5 years
after transplant in 1-year transplant survivors: acute re-
jection (RR � 1.6); need for dialysis prior to transplant
discharge (RR � 1.4); treated infection prior to transplant
discharge (RR � 1.2); absence of both a cell-cycle in-
hibitor and mTOR inhibitor (RR � 1.6) or both calcineu-
rin inhibitor and mTOR inhibitor (RR � 1.5) in the
immunosuppressive treatment at 1 year after transplant;
and the use of IL-2R antagonists for induction therapy
(RR � 1.2). The complete results of this analysis are

Table 5 Risk Factors for Mortality Within 5 Years of Transplan
June 2006 (N � 10,507)

Variable N

Continuous variables:
Donor

Age
Weight

Allograft ischemic time
Recipient

Age
Height
BMI
Serum bilirubin
Serum creatinine
Pulmonary vascular resistance

Transplant center volume
Categorical variables:

Pre-transplant diagnosis:
Congenital vs non-ischemic cardiomyopathy 292
Ischemic vs non-ischemic cardiomyopathy 4,792

Mechanical assist support:
Temporary circulatory supporta 175
Total artificial heart 45

Recipient on ventilator at time of transplant 314
Recipient past medical history of:

Dialysis 328
Diabetes mellitus 2,177
Infection requiring IV drug therapy within 2

weeks prior to transplant 1,161
Not hospitalized just prior to transplant 5,516
Hepatitis B (borderline significant) 397

Donor–recipient factors:
Number of HLA mismatches (MM) at A locus

(per locus) 0 A M
1 A M
2 A M

PRA �10% 766
Female recipient with prior pregnancy/male

donor vs male recipient/male donor 780
Male recipient/female donor vs male

recipient/male donor (borderline
significant) 1,763

Not ABO identical (borderline significant) 1,487
aTemporary circulatory support includes ECMO and temporary pulsati
available in the online slide set.
Risk factors for long-term mortality

Risk factors for long-term mortality were explored in
additional multivariable models of 10-, 15- and 20-year
mortality (see online slide set). Due to more limited data
collection in the earlier eras, fewer fields were available
for consideration as potential predictors of mortality in
these models. Table 6 shows the results of the multivari-
able model for 15-year mortality for patients transplanted
between 1991 and June 1996. Increased donor age and
allograft ischemic time have continued to affect survival

dult Heart Transplants Performed Between January 2001 and

Relative
risk p-value

95%
confidence
interval

�0.0001
0.0083

�0.0001

�0.0001
0.0018

�0.0001
�0.0001
�0.0001

0.0003
�0.0001

1.47 0.0008 1.17–1.84
1.14 0.0063 1.04–1.25

2.49 �0.0001 1.96–3.16
1.70 0.0420 1.02–2.82
1.41 0.0008 1.15–1.72

1.67 �0.0001 1.40–2.00
1.14 0.0062 1.04–1.26

1.18 0.0082 1.04–1.33
0.92 0.0475 0.84–1.00
1.20 0.0600 0.99–1.44

665),
5,089),
4,753) 1.29 0.0003 1.13–1.49

1.21 0.0066 1.06–1.40

1.22 0.0286 1.02–1.45

1.11 0.0762 0.99–1.24
1.10 0.0968 0.98–1.22

devices.
t for A

M (N �
M (N �
M (N �
15 years after transplant. Retransplant (RR � 1.8) and
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ischemic heart disease patients (RR � 1.1) fared worse,
but survival of congenital heart disease patients was no
longer inferior when compared with those who received
a transplant for non-ischemic cardiomyopathy 15 years
earlier. Hepatitis B–positive recipients had higher mor-
tality (RR � 1.3), as did recipients with PRA �20% (RR
� 1.2) and male recipients of female allografts (RR �
1.2, compared with male/male allocation).

Post-transplant morbidity

Acute rejection (described earlier), CAV, renal failure
and malignancy are among the frequent post-transplant
morbidities that can result in death. The morbidities are
closely linked to the immunosuppressive therapies used
and the immune interaction between the recipient and the
allograft. Approaches that could avoid or slow down
processes that lead to these key morbidities (without
exacerbating others) would likely result in improvement
of long-term survival after heart transplant. Registry data

Table 6 Risk Factors for Mortality Within 15 Years of Transpla
June 1996 (N � 10,888)

Variable

Continuous variables:
Donor age
Allograft ischemic time
Recipient

Age
Weight
Height
Serum creatinine

Transplant center volume
Categorical variables:

Pre-transplant diagnosis:
Retransplant
Ischemic vs non-ischemic cardiomyopathy
Othera vs non-ischemic cardiomyopathy

VAD at transplant
Recipient on ventilator at time of transplant
Recipient past medical history of:

Hepatitis B
PRA �20%
Hospitalized (including ICU) at transplant (borderline sign

Transplant year:
1991 vs 1995/1996
1992 vs 1995/1996
1993 vs 1995/1996

Donor-recipient factors:
Male recipient/female donor vs. male recipient/male donor
Female recipient/female donor vs. male recipient/male don
(borderline significant)
0–3 vs 4–6 total HLA mismatches

aOther � diagnosis other than non-ischemic cardiomyopathy, isc
retransplant.
indicate that slow but steady progress is being made in
reducing the incidence of some key adverse events after
heart transplantation.

Cardiac allograft vasculopathy

Cardiac allograft vasculopathy is closely linked to post-
transplant mortality.12 Approximately 10% of heart trans-
plant recipients are diagnosed with CAV within 1 year after
transplant and more than half of all recipients by 10 years
after transplant. There has been a statistically significant, if
relatively small, decrease in cumulative incidence of CAV;
at 7 years after transplant, 37% of patients transplanted
between 2003 and June 2010 had CAV, compared with 42%
of those transplanted between April 1994 and 2002 (p �
0.001) (see online slide set). In addition, it appears that
survival of patients after a diagnosis of CAV in the more
recently transplanted patient cohort is also more favorable
than post-CAV diagnosis survival among those transplanted
earlier (Figure 17). This improvement may have been the

Adult Heart Transplants Performed Between January 1991 and

N
Relative
risk p-value

95%
confidence
interval

�0.0001
�0.0001

�0.0001
0.0009
0.0003

�0.0001
0.0015

273 1.82 �0.0001 1.56–2.11
5,295 1.14 �0.0001 1.08–1.20

113 1.35 0.0191 1.05–1.74
578 1.15 0.0124 1.03–1.29
338 1.34 0.0002 1.15–1.56

244 1.33 0.0004 1.14–1.56
487 1.19 0.0021 1.07–1.33

6,431 1.05 0.0899 0.99–1.10

1,842 1.12 0.0038 1.04–1.21
1,881 1.11 0.0082 1.03–1.20
2,017 1.09 0.0308 1.01–1.18

2,253 1.19 �0.0001 1.09–1.30

1,006 1.13 0.0758 0.99–1.29
1,497 0.91 0.0103 0.85–0.98

cardiomyopathy, congenital heart disease, valvular heart disease or
nt for

ificant)

or

hemic
result of the newer approaches to treatment of CAV, such as
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targeting lower LDL-cholesterol levels or use of mTOR
inhibitors or drug-eluting coronary stents.

A number of risk factors for CAV development within 5
years after transplant were identified in the multivariable
analysis. Increasing donor age and donor history of hyper-
tension correlated with CAV development, as did the use of
certain immunosuppressive drugs, including OKT3 for in-
duction, maintenance therapy with azathioprine vs myco-
phenolate and maintenance with cyclosporine vs tacrolimus.
Cytomegalovirus (CMV)-negative recipients of CMV-pos-
itive donor organs (CMV “mismatch”) were at higher risk
of CAV. Other factors appeared to be associated with lower
risk of CAV development, such as diagnosis of congenital
heart disease, or female donor gender and female recipient
gender compared with certain other recipient–donor gender
combinations (Table 7).

Renal failure

Renal dysfunction in patients who have undergone solid-
organ transplantation is frequent and has been closely

Table 7 Risk Factors for Developing CAV Within 5 Years of Tra
Transplants Performed Between January 2001 and June 2006 (N

Variable

Continuous variables:
Donor age
Donor-recipient height difference
Recipient BMI
Allograft ischemic time (borderline significant)

Categorical variables:
Immunosuppressive therapy:

OTK3 induction
Azathioprine vs MMF/MPA at discharge
Cyclosporine vs tacrolimus at discharge
No cyclosporine, tacrolimus or everolimus at discharge

(borderline significant)
Cyclosporine and tacrolimus at discharge vs tacrolimus

only (borderline significant)
Recipient past medical history of:

Pulmonary embolism
Durable pulsatile VAD
Malignancy

Acute rejection prior to discharge
Pacemaker placement prior to discharge
Donor history of:

Hypertension
Cancer (borderline significant)

Congenital heart disease vs non-ischemic cardiomyopathy
Transplant year: 2001 vs 2005/2006
Recipient CMV�/donor CMV
Recipient/donor gender:

Male/female vs male/male
Female with prior pregnancy/female vs male/male
Female without prior pregnancy/female vs male/male
linked to post-transplant mortality.13 Survival analyses in
the present report confirm this observation; renal dys-
function, both before and after transplant, represents a
mortality risk factor. The prevalence of severe renal
dysfunction in a cohort of patients transplanted between
2003 and June 2010 was 6% at 1 year post-transplant,
11% at 3 years post-transplant and 16% at 5 years post-
transplant. This represents a significant improvement
compared with patients transplanted between April 1994
and 2002 (Figure 18).

Results of a multivariable analysis that explored risk
factors for severe renal dysfunction (creatinine �2.5 mg/dl
or dialysis) at 1 year after transplant are shown in the
online slide set. We also examined risk factors for renal
dysfunction within 5 years of transplant in patients who
did not have severe renal dysfunction at the time of
transplant (Table 8). The risk of severe renal dysfunction
increased gradually with increasing recipient age and
recipient pre-transplant serum creatinine. Recipients with
ischemic cardiomyopathy (RR � 0.8) and congenital
heart disease (RR � 0.4) had a lower risk of renal
dysfunction compared to recipients with non-ischemic

t Conditional on Survival to Discharge for Adult Heart
88)

N
Relative
risk p-value

95%
confidence
interval

�0.0001
0.0293
0.0103
0.0552

333 1.74 �0.0001 1.43–2.11
497 1.56 �0.0001 1.31–1.85

4,256 1.30 �0.0001 1.17–1.45

195 1.35 0.0816 0.96–1.90

214 1.33 0.0522 1.00–1.77

121 1.43 0.0362 1.02–1.99
1,372 0.82 0.0030 0.72–0.93

353 0.72 0.0105 0.56–0.93
1,094 1.30 �0.0001 1.14–1.49

263 1.37 0.0074 1.09–1.73

869 1.16 0.0381 1.01–1.33
136 1.33 0.0540 1.00–1.78
205 0.59 0.0060 0.41–0.86

1,427 0.84 0.0228 0.72–0.98
1,485 1.14 0.0238 1.02–1.28

1,266 0.83 0.0109 0.72–0.96
591 0.78 0.0099 0.65–0.94
325 0.54 �0.0001 0.40–0.73
nsplan
� 7,7
cardiomyopathy, and recipients with history of diabetes
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mellitus had a higher risk (RR � 1.3) of renal dysfunc-
tion at 5 years post-transplant. Certain immunosuppres-
sive treatments also appear to influence the risk of renal
dysfunction: the lack of cell-cycle blockers or mTOR
inhibitors at discharge (RR � 1.5); combined use of
azathioprine and MMF/MPA compared with MMF/MPA
alone (RR � 1.5); and the use of cyclosporine compared
with tacrolimus (RR � 1.4). The use of polyclonal in-
duction agents was associated with less renal dysfunction
at 5 years after transplant (RR � 0.8).

Malignancy

Beyond 5 years after transplant, malignancy was responsible
for �20% of deaths in heart transplant recipients (Figure 15).
The reported incidence of non-skin cancer in heart transplant
recipients was 1% at 1 year after transplant, 6% at 5 years, 15%
at 10 years and 24% at 15 years after transplant. Although the
higher incidence of cancer in this patient population has been
attributed to the use of chronic immunosuppressive therapies,
recipient age at transplant is also a strong predictor (Figure 19).
An approximate 4% absolute risk reduction within 7 years after
transplant has been seen in patients transplanted during the last
decade compared with transplants during the previous 10-year
interval (p � 0.001) (see online slide set). This reduction of

Table 8 Risk Factors for Developing Severe Renal Dysfunction
and Limited to Recipients Without Severe Renal Dysfunctiona Pr
2001 and June 2006 (N � 8,168)

Variable

Continuous variables:
Recipient:

Age
Pre-transplant serum creatinine

Donor/recipient height ratio
Transplant center volume (borderline significant)

Categorical variables:
Dialysis prior to post-transplant discharge
Immunosuppressive therapy at discharge

No azathioprine, MMF/MPA or mTOR inhibitor use
Azathioprine and MMF/MPA vs MMF/MPA only
Cyclosporine vs tacrolimus
Polyclonal agent used for induction

Pacemaker placement prior to discharge
Durable pulsatile VAD at transplant
Recipient past medical history of:

Diabetes
Ischemic cardiomyopathy vs non-ischemic
Congenital heart disease vs non-ischemic
Hospitalized (including ICU) at transplant (borderline sign

Transplant year:
2001 vs 2005/2006
2002 vs 2005/2006
2003 vs 2005/2006

Donor cause of death: CNS tumor vs head trauma

aSevere renal dysfunction � creatinine �2.5 mg/dl or dialysis.
cancer incidence could be seen among both skin cancer and
non-skin malignancies.

Quality of life after transplant

The expected survival of patients with Stage D heart failure is
markedly reduced compared with healthy individuals of sim-
ilar age, and heart transplantation results in a remarkable im-
provement of survival in appropriately selected patients.14 A
goal similar in importance to extending survival is restoration
of good quality of life and of an active lifestyle in patients after
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Figure 19 Freedom from non-skin malignancy by adult heart
recipient age group (follow-ups: April 1994 to June 2011).

n 5 Years of Transplant Conditional on Survival to Discharge
splant for Adult Heart Transplants Performed Between January

N
Relative
risk p-value

95%
confidence
interval

0.0017
�0.0001

0.0313
0.0985

407 3.17 �0.0001 2.49–4.03

392 1.50 0.0290 1.04–2.16
337 1.45 0.0424 1.01–2.08

4,385 1.41 0.0004 1.17–1.71
1,570 0.79 0.0486 0.62–1.00

278 1.52 0.0266 1.05–2.21
1,384 1.32 0.0113 1.06–1.63

1,698 1.25 0.0216 1.03–1.51
3,752 0.81 0.0213 0.67–0.97

205 0.36 0.0477 0.13–0.99
3,792 1.16 0.0931 0.98–1.37

1,519 1.69 �0.0001 1.30–2.20
1,412 1.56 0.0009 1.20–2.03
1,469 1.58 0.0006 1.22–2.05

97 2.13 0.0046 1.26–3.59
Withi
e-tran

ificant)
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heart transplant. Approximately 90% of patients in the first 5
years after transplant have been reported to have no major
activity limitations (see online slide set). A number of patients
transplanted at 25 to 55 years of age are employed after heart
transplant, and the proportion of employed heart transplant
recipients increases gradually to approximately 50% at 3 years
after transplant.

Conclusions

Thanks to the participating transplant centers worldwide,
this report brings to the public comprehensive and current
information on the developments and challenges in adult
heart transplantation.

Probably the most notable development is the further in-
crease in the use of mechanical support before transplant. The
analyses presented in this report show that various forms of
mechanical support have unique effects on post-transplant out-
comes. This information may be useful in clinical decisions
involving mechanical support selection, transplant candidacy
and organ allocation.

The cumulative incidence of acute rejection continues to
decrease and, to a lesser degree, the cumulative incidences of
other post-transplant morbidities such as CAV, renal dysfunc-
tion and malignancy also continue to decline. Despite these
improvements, long-term post-transplant survival has changed
little. To a certain extent, this is probably related to a donor and
recipient pool with higher risk characteristics. However, the
data reviewed herein may help us to further personalize care
with the aim of decreasing the negative impact of the most
likely morbidities in individual patients.
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