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Cardiac transplantation remains the gold standard in the treat-
ment of advanced heart failure. With advances in immunosup-
pression, long-term outcomes continue to improve despite older
and higher risk recipients. The median survival of the adult after
heart transplantation is currently 10.7 years. While early graft
failure and multiorgan system dysfunction are the most important
causes of early mortality, malignancy, rejection, infection, and
cardiac allograft vasculopathy contribute to late mortality. Chronic
renal dysfunction is common after heart transplantation and oc-
curs in up to 68% of patients by year 10, with 6.2% of patients
requiring dialysis and 3.7% undergoing renal transplant. Functional
outcomes after heart transplantation remain an area for
improvement, with only 26% of patients working at 1-year post-
transplantation, and are likely related to the high incidence of
depression after cardiac transplantation. Areas of future research
include understanding and managing primary graft dysfunction
and reducing immunosuppression-related complications.
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Contemporary outcomes in heart transplantation
Despite recent advances in mechanical circulatory support, heart transplantation remains the
treatment of choice for patients with advanced heart failure. For such patients, there is a marked
improvement in survival, quality of life, and functional status [1]. During the past 30 years, there has
been a continuous improvement in morbidity and mortality despite older and higher risk recipients
receiving transplant [2e4]. However, graft failure, rejection, and infection remain considerable causes
of morbidity and mortality, precluding better outcomes in both the short and long term.

Since 1980, the volume of heart transplants has risen, with 4157 adult heart transplants being
performedworldwide from 2014 to 2015 [4]. Themedian survival of adult heart transplant recipients is
currently 10.7 years, with 82% 1-year survival and 69% at 5 years [4], and slightly better survival for
women [3,4]. The highest incidence of mortality occurs in the first 6 months post-transplant, with the
perioperative hospitalization carrying the highest risk of death among any other period [4,5]. After the
first year, the mortality rate decreases to 3.4% per year. Therefore, a more accurate description of
survival is provided by the conditional median survivaldthe time point at which 50% of patients who
survived the first year are still alive, which is 13.3 years for adult transplant recipients [4]. There is a
trend for a significant increase in the proportion of patients aged >60 years old receiving heart
transplant within the last decade. This is important because survival is affected by recipient and donor
age. Therefore, considering the proportion of older and higher risk recipients, the continued
improvement in survival is important [4]. With the improvement in survival, the frequency of re-
transplantation has remained constant over time at 2e4% [2].

In the past, recipients undergoing left ventricular assist device (LVAD) support as a bridge to
transplant had a poor prognosis. However, during 2009e2013, the survival for patients supported by
LVADwas comparable to those receiving inotropes only (Fig.1) [4]. This is of major significance because
currently 42% of patients undergoing transplant are bridged to transplant with LVAD support [4]. On
the other hand, patients undergoing extracorporeal membrane oxygenation (ECMO) support at the
time of transplant have significantly higher mortality (Fig. 1) [4]. Other important independent risk
factors formortality at 1 year are the pretransplant use of temporarymechanical circulatory support (in
particular right ventricular assist device), mechanical ventilation, congenital, ischemic and restrictive
cardiomyopathies, and re-transplantation. Such risk factors reflect the impact of pretransplant disease
severity and organ function in early survival [3,4].
Fig. 1. Survival after heart transplant. KaplaneMeier curves showing intermediate term survival by pretransplant mechanical cir-
culatory support device. Reprinted from J Heart Lung Transplant 35 (10), Lund et al. The Registry of the International Society for Heart
and Lung Transplantation: Thirty-third Adult Heart Transplantation Report e 2016: Focus Theme: Primary Diagnostic Indications for
Transplant, 1158e1169, 2016, with permission from Elsevier.
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Important outcomes by organ system

Neurologic

Neurologic complications affect 10e30% of patients after heart transplantation and lead to
increased mortality and decreased functional outcome, with 20% of deaths attributable to neurologic
complications [6e8]. While neurologic sequelae after heart transplantation are similar to the spectrum
of complications after cardiac surgery, the incidence is higher and some neurologic complications
remain unique to patients undergoing transplantation.

The rate of cerebrovascular accident (CVA) after heart transplant is reported up to 13% [6,8e11], and
is associated with increased mortality post-transplant [6]. CVAs can be defined as either ischemic or
hemorrhagic, with ischemic CVAs being twice as common as hemorrhagic CVAs after heart trans-
plantation [6]. Risk factors for ischemic stroke include a preoperative history of hypertension, diabetes
mellitus, smoking, and stroke, which are classic risk factors for stroke after cardiac surgery. Some risk
factors that are unique to cardiac transplantation include a history of LVAD, intra-aortic balloon pump
(IABP), prolonged cardiopulmonary bypass (CPB) time, and postoperative hepatic failure [12]. Symp-
tomatic cerebrovascular disease increases the risk of ischemic CVA fourfold after cardiac trans-
plantation [9]. The clinical manifestations of ischemic stroke vary depending on the territory of the
occlusion. Occlusion of the anterior circulation is most common in heart transplant recipients, with
total and partial occlusion of the anterior circulation found in 23.1% and 38.4% of patients, respectively
[13]. Early hemorrhagic CVAs may be related to a relative hyperperfusion after heart transplantation
compared to the low cardiac output pretransplant as cerebral blood flow may increase up to 50% after
heart transplantation [14,15]. Whether ischemic or hemorrhagic, postoperative CVA remains an
important complication and is associated with increased mortality after heart transplantation [6].

One of the most common complications in the perioperative period is delirium and/or encepha-
lopathy, occurring in approximately 9% of patients [6,8]. The incidence subsequently declines after the
perioperative period. Posterior reversible encephalopathy syndrome (PRES) occurs in patients after
transplantation and treatment with calcineurin inhibitors and is characterized by encephalopathy,
headache, visual disturbances, and seizures. MRI of the brain typically demonstrates the involvement
of the occipito-parietal lobes. The pathophysiology of PRES remains unclear but occurs in approxi-
mately 1% of patients after heart transplantation [6,8]. Symptoms of PRES are typically reversible after
altering the immunosuppressive regimen.

Polyneuropathies may occur after cardiac transplantation. In one small study, it was found that
30% of heart transplant candidates have a polyneuropathy prior to transplant, which may be
explained by concomitant metabolic disorders such as diabetes and chronic kidney disease (CKD), in
addition to critical illness polyneuropathy related to prior intensive care unit (ICU) admissions [16].
After heart transplantation, the rate of polyneuropathy increases to 70% [16]. Sepsis, prolonged
mechanical ventilation, and prolonged ICU stay predispose heart transplant recipients to neuro-
muscular disease postoperatively. Signs of critical illness polyneuropathy may last for up to 5 years
after ICU discharge [17].

While delirium and CVAs are the most common neurologic complications in the perioperative
period, pain and depression are the most common long-term neurologic sequelae and occur in 15e37%
of patients [6,8,18]. Impairments in physical, psychological, social, and environmental quality of life
post transplantation affect the incidence of post-transplant depression. Social support is an important
factor for the psychological well-being of heart transplant recipient before and after heart trans-
plantation [19].

Respiratory

Patients with advanced heart failure have considerable changes in pulmonary function, including
abnormal pulmonary diffusion, evident by decreased diffusing capacity of the lungs for carbon mon-
oxide [20]. Gas exchange impairment persists in 67% of patients after transplantation, independent of
smoking status, prior drug use, chest radiographic changes, hemodynamic findings, or duration of
heart failure [21]; however, pulmonary function test results may improve in some patients 1 year after
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transplantation [22]. Abnormal pulmonary gas exchange limits exercise capacity [23] and can result in
exercise-induced hypoxemia [24]. Exercise intolerance in heart transplant recipients is not only caused
by gas exchange abnormalities but also by multiple cardiac, vascular, skeletal muscle, and neuro-
hormonal alterations [25].

Cardiovascular

Graft failure and primary graft dysfunction
Graft failure is the most common cause of short-term mortality after heart transplantation (Fig. 2)

[4,26]. Early graft failure (EGF), defined as a composite of death and/or re-transplantation associated
with graft failure during the first 30 days after transplant, is the most severe form of primary graft
dysfunction (PGD) and constitutes the most feared complication. The incidence of EGF reported for
transplants performed between 2005 and 2013 was 3.8%, with a 96.3% mortality rate and 3.6%
requiring re-transplantation [3]. Risk factors for EGF include increased donor age, nonhead trauma as
the donor cause of death, prolonged graft ischemic time, male recipient of female donor, recipient
amiodarone use, donor cigarette history, recipient high pulmonary vascular resistance, recipient high
serum creatinine, and recipient use of dialysis, mechanical ventilation, IABP, or mechanical circulatory
support [3,26]. This highlights the probable synergistic effect that diverse donor and recipient factors
have in the occurrence of EGF.

Graft dysfunction is classified as primary when there are no recognizable causal influences or sec-
ondary when factors such as hyperacute rejection, sepsis, and right ventricular dysfunction are iden-
tified. According to the “Report from a consensus conference on primary graft dysfunction after cardiac
transplantation” published in 2014, 66% of early deaths reported are due to graft failure and/or multi-
system organ failure. However, it is probable that PGD causes most instances of early multisystem organ
failure. Thus, the latter would not constitute a separate complication in itself [3,27]. The PGD consensus
reported an incidence ranging from 2.3% to 28.2% [27]. Overall PGD mortality in transplant recipients
between 1982 and 2011 was approximately 10% and 14% at 30 and 90 days post-transplant, respectively
[27]. PGD mortality varies by the cause of end-stage heart disease, with congenital heart disease and
valvular cardiomyopathy having the highest 30-day mortality (15% and 12%, respectively) [27].

Although the pathogenesis of PGD is not completely elucidated yet, the most important donor-
dependent risk factors are donor age, cause of death (i.e., brain death), female donor to male
Fig. 2. Causes of death after heart transplant. Causes of death by duration after transplant (CAV e Cardiac Allograft Vasculopathy).
Reprinted from J Heart Lung Transplant 34 (10), Lund et al. The Registry of the International Society for Heart and Lung Trans-
plantation: Thirty-second Adult Heart Transplantation Report e 2015: Focus Theme: Primary Diagnostic Indications for Transplant,
1244e1254, with permission from Elsevier.
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recipient transplant, presence of coronary artery disease and/or left ventricular hypertrophy, and the
use of catecholamines at the time of death. With regard to the transplant recipient, the most important
risk factors are age, presence of increased pulmonary vascular resistance, use of inotropes or me-
chanical circulatory support at time of transplantation, and re-transplantation. Procedural risk factors
include donor organ ischemic time, donor-to-recipient size mismatch, prolonged CPB time, and high
transfusion requirement [27]. In the presence of risk factors, the RADIAL score is a validated scoring
system that assesses the risk of PDG (Table 1) [27,28].

The diagnosis of PGD should be made within 24 h of transplantation and because of the different
treatment for left vs. right ventricular dysfunction, there must be a clear distinction. Table 2 details the
classification for graft dysfunction, including grading criteria and severity.

Finally, the management of PGD is largely supportive and generally involves a combination of
inotropes, IABP, and pulmonary vasodilators. If there is no response to escalating medical treatment,
short-term mechanical circulatory support is warranted [29]. However, there is no clear protocol for
the management of PGD, and institutional protocols vary. Available evidence suggests that early and
short-term use of mechanical circulatory support (ECMO or VAD) is the only effective means to treat
severe forms of PGD and can offer improved survival when compared with medical management
[27,30,31]. In particular, a retrospective analysis of a single center large cohort suggests better out-
comes for veno-arterial ECMO than for temporary VAD support [32].

Cardiac allograft vasculopathy
Cardiac allograft vasculopathy (CAV) is a progressive vascular occlusive disease affecting the cor-

onary vessels of cardiac allografts after transplantation and remains an important morbidity after heart
Table 1
The radial score to predict primary graft dysfunction.

R: Right atrial pressure >10 mmHg
A: Age >60 years (recipient)
D: Diabetes
I: Inotropic Support Dependence
A: Age >30 years (donor)
L: Length of ischemic time > 240 min
Score 0e1 2 3 4e6
% PDG 8.3% 11.1% 24% 44.4%

Each present factor accounts for one point in the total score. The score is then used to identify high-risk individuals for primary
graft dysfunction, but is less accurate to predict the exact occurrence of primary graft dysfunction in a single patient (PDG e

primary graft dysfunction).

Table 2
Classification and severity of primary graft dysfunction.

Class Severity Criteria

PGD-LV Mild LVEF �40% by echocardiography, or RAP >15 mmHg, PCWP >20 mmHg,
CI<2.0 L/min/m2 (lasting more than 1 h) requiring lowedose inotropes

Moderate I. Has one of the following:
� LVEF �40%, or RAP >15 mmHg, PCWP >20 mmHg, CI <2.0 L/min/m2,

MAP <70 mmHg (lasting more than 1 h)

AND
II. Has one of the following:
� High-dose inotropes
� Newly placed IABP

Severe Dependence on left or biventricular mechanical support
(ECMO, LVAD, BiVAD, or percutaneous LVAD)

PGD e RV Not defined Requires: RAP >15 mmHg, PCWP <15 mmHg, CI <2.0 L/min/m2

and transpulmonary gradient <15 mmHg and/or PASP <50 mmHg Or need for RVAD

PGD LV e Primary Graft Dysfunction Left ventricle; PGD RV e Primary Graft Dysfunction Right ventricle; LVEF e left ventricular
ejection fraction; RAP e right atrial pressure; PCWP e pulmonary capillary wedge pressure; CI e Cardiac index; IABP e intra-
aortic balloon pump; ECMO e extracorporeal membrane oxygenation; LVAD e left ventricular assist device; BiVAD e biven-
tricular assist device; PASP e pulmonary artery systolic pressure; RVAD e right ventricular assist device.
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transplantation. The incidence of CAV is 7.8% at 1 year but then rises to nearly 50% at 10 years [3,4,33].
CAV is aminor contributor tomortality at <1 year after transplantation but dramatically increases to an
annual contributor of >10% of deaths after the first year (Fig. 2) [3,4]. The occurrence of CAV has not
decreased despite advancements in immunosuppressive therapies and better prevention of acute
rejection [34]. Risk factors for the development of CAV include male gender, ischemic cardiomyopathy
prior to transplant, and re-transplant [4], while statins and mTOR inhibitors are preventative [35].

Because of denervation of the allograft, CAV does not have a clinical presentation similar to non-
transplant coronary artery disease, but insteadmay have atypical symptoms such as exertional dyspnea,
gastrointestinal symptoms or may have a severe initial presentation such as heart failure, arrhythmias,
or sudden cardiac death. To provide early diagnosis, post-transplant patients undergo screening with
coronary angiography starting at the first-year post transplant and annually or biannually thereafter.
Angiography is more sensitive for late disease, but the addition of intravascular ultrasound (IVUS) in-
creases the sensitivity for early CAV [36]. Angiographic evidence of CAV increases the relative risk of
cardiac events including sudden death and the increased risk of any cardiac-related mortality [36,37].

Proximal CAV is from donor-inherited atherosclerosis and is typically more focal and eccentric. Mid-
and distal CAV is immune-mediated, recipient-acquired, and typically more diffuse and concentric [35].
Presence of arterial inflammation is associated with proliferation of the vasa vasorum and angiogenesis
of small peri-arterial vessels around the coronary arteries [38]. Grading of CAV has been defined by the
International Society of Heart and Lung Transplantation (ISHLT, Table 3). The treatment of CAV primarily
includes modifying immunosuppressive regimens. The use of statins provides not only control of
cholesterol levels but also has anti-inflammatory and immunomodulatory benefit. Statins have shown
benefits in decreasing short- and long-term rejection, improving survival, limiting the progression of
CAV atherosclerosis, and preventing cardiovascular events [39e41]. Such benefits are more pro-
nouncedwhen statins are initiated early [42]; therefore, the ISHLTguidelines recommend use of statins
1e2 weeks after heart transplantation regardless of cholesterol levels [43]. Such recommendations are
made despite known interactions of statins with calcineurin inhibitors. Percutaneous coronary inter-
vention (PCI) and coronary artery bypass grafting (CABG) can be used in select patients without diffuse
disease but do not lead to improved survival because of the progressive and diffuse nature of CAV [35].

Renal

CKD after heart transplantation is commonwith up to 50% of patients suffering from some degree of
CKD at year 5, and 6% requiring dialysis at year 10 (Table 4) [4,44,45]. Risk factors for the development
of CKD after heart transplantation include age, female gender, pretransplantation GFR, pretransplant
tobacco use, presence of pretransplantation hypertension or diabetes mellitus, ischemic cardio-
myopathy prior to transplant, re-transplantation, and postoperative acute kidney insufficiency
[4,33,45e48]. Donor demographics do not appear to confer the risk of CKD to transplant recipients,
while pretransplant inotrope use and mechanical circulatory support devices may [46]. The risk of
developing CKD increases annually after transplantation, and 3.7% of patients undergo renal trans-
plant by year 10 [4]. Calcineurin inhibitor use is common in the management of the heart trans-
plant recipient, and though calcineurin inhibitors are nephrotoxic agents, there has been conflicting
Table 3
ISHLT grading of cardiac allograft vasculopathy.

Grade Severity Definition

CAV 0 Not significant No detectable angiographic lesion
CAV 1 Mild Angiographic LM <50%, or primary vessel with lesion <70%,

or branch stenosis <70%, without allograft dysfunction
CAV 2 Moderate Angiographic LM �50%, or primary vessel with lesion �70%,

or branch stenosis �70% in branches of two systems, without allograft dysfunction
CAV 3 Severe Angiographic LM �50%, or two or more primary vessels with �70% stenosis,

or branch stenosis �70% in all three branch systems; or CAV 1 or CAV 2 with
allograft dysfunction (LVEF �45% or restrictive physiology)

CAV Cardiac allograft vasculopathy; LM left main; LVEF left ventricular ejection fraction.



Table 4
Morbidity after heart transplantation.

Outcome Within 1 year (%) Within 5 years (%) Within 10 years (%)

Hypertension 71 91 …

Renal dysfunction 25 51 68
Creatinine (mg/dl)
�2.5 (abnormal)
>2.5
Chronic dialysis

17
6.1
1.7

33
14
3

40
19
6.2

Renal transplant 0.3 1.3 3.7
Hyperlipidemia 60 88 …

Diabetes 23 37 …

CAV 7.8 29 48

Morbidity after heart transplantation varies at 1-, 5-, and 10-year post-heart transplantation, with increasing rates of hyper-
tension, renal dysfunction, diabetes, and cardiac allograft vasculopathy (CAVe Cardiac Allograft Vasculopathy). Reprinted from J
Heart Lung Transplant 35 (10), Lund et al. The Registry of the International Society for Heart and Lung Transplantation: Thirty-
third Adult Heart Transplantation Report e 2016: Focus Theme: Primary Diagnostic Indications for Transplant, 1158e1169,
2016, with permission from Elsevier.
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evidence that these agents contribute to CKD after heart transplantation [44,46,49,50]. Conversely,
these agents are necessary to prevent the rejection of the cardiac allograft. The development of CKD
after transplantation is a significant complication, leading to a fourfold increase in mortality [45,47].
Recipients that ultimately require dialysis for end-stage renal disease have an even larger increase in
mortality than those that do not (56.2% vs 35.9%, respectively) [45]. Renal dysfunction contributes little
to mortality in the first 5 years after transplantation, but CKD progresses over time, and the contri-
bution of CKD to overall mortality increases after 5 years post-transplantation [3].

Endocrine

While diabetes mellitus remains a common comorbidity in patients with advanced heart failure
undergoing heart transplantation, hyperglycemia due to chronic steroid use may result in a new
diagnosis of diabetes post-transplantation in up to 23e39% of patients in the first 2 years (Table 4)
[4,51e54]. Age >50 years, non-white race, body mass index >25, pretransplant ischemic heart disease,
recipient CMV-positivity, tobacco use, tacrolimus use, and steroid use are independent risk factors for
the development of new onset diabetes [52e54]. Early steroid withdrawal (up to 12 months post heart
transplantation), however, may result in less post-transplant diabetes or reversal of post-transplant
diabetes [54,55].

The effect of diabetes mellitus on long-term outcomes after heart transplantation remains un-
known. Some studies have shown an increase in morbidity and mortality in recipients with diabetes
[51,53,56e60], while others have not [44,53,61]. The ISHLT registry demonstrated a 20e40% increase in
1- and 5-year mortality in recipients with diabetes, even when carefully selected, and therefore dia-
betes mellitus with end-organ dysfunction remains a relative contraindication to cardiac trans-
plantation [1,3,4,57]. Because of microvascular complications of diabetes mellitus, heart transplant
recipients with diabetes may be at the increased risk of CAV, renal dysfunction, stroke, reduced cardiac
function, and infection [56,58,59].

Immunologic

Rejection
Hyperacute rejection is mediated by preexisting antibodies to allogeneic antigens and occurs

immediately after transplantationwith rapid graft failure. It is uncommon because of the current blood-
and antigen-typing techniques. Acute rejection can be subdivided into cellular or antibody-mediated
rejection (AMR) and accounts for 8% of deaths after heart transplantation [3]. The incidence of any
acute rejection in the first year after transplantation is 25%, while the incidence of treated rejection is
13% because mild cellular rejection may not warrant treatment [3,4]. The incidence of any rejection has
continued to decrease in the past decade because of improved immunosuppression [4].
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Acute cellular rejection is characterized by an inflammatory infiltrate on endomyocardial biopsy.
The infiltrate is composed of lymphocytes predominantly, while macrophages and eosinophils may
also be present. Necrosis of the myocardium may be present and may be a feature of more severe
rejection. Endomyocardial biopsies are performed on a routine basis after transplantation because
acute rejection is commonly asymptomatic. Acute cellular rejection is graded according to the ISHLT
grading system (Table 5) [62]. Acute symptomatic cellular rejection should be treated with high-dose
corticosteroids, regardless of ISHLT grade [43]. If hemodynamic compromise is present, antithymocyte
antibodies should be administered as well, especially if there is no clinical improvement within
12e24 h of corticosteroid administration. Asymptomatic severe rejection (ISHLT 3R) should be treated
with intravenous corticosteroids (and is often managed with cytolytic therapies such as antithymocyte
globulin), while asymptomatic moderate rejection (ISHLT 2R) can be treated with oral or intravenous
corticosteroids. The maintenance immunosuppressive regimen should be adjusted to prevent subse-
quent rejection. Follow-up biopsy should be performed 1e2 weeks after treatment for symptomatic
and 2e4 weeks after asymptomatic acute cellular rejection [43].

Antibody-mediated rejection has recently been redefined by the ISHLT and should be based on
immunopathologic features [63]. Staining for C4d, C3d, and CD68 should be performed in addition
to the determination of non-HLA antibodies present on endomyocardial biopsy. Because of
nonstandard definitions used in the literature, the exact incidence is unknown, and is therefore
reported to be between 3% and 85% [63]. Risk factors for the development of AMR include female
gender, pretransplant elevated panel reactive antibody, CMV-seropositivity, prior mechanical cir-
culatory support, allosensitization against anti-HLA antibodies, prior treatment with muromonab-
CD3 and the development of antibodies against mouse monoclonal muromonab-CD3, history of re-
transplantation, multiparity, and positive T-cell flow cytometry crossmatch [63]. Management of
AMR includes intravenous immunoglobulin (IVIg), plasmapheresis, antilymphocyte antibodies,
and high-dose corticosteroids for primary therapy. Secondary therapy includes rituximab, borte-
zomib, and anticomplement antibodies. Maintenance immunosuppression may also be changed,
including changing from cyclosporine to tacrolimus or increasing the dose of mycophenolate
mofetil [43,63].

Infections
Infections are a common morbidity after heart transplantation because of the immunosuppressed

state and lead to increased mortality. Up to 13.4% of deaths in the first month after transplantation are
attributed to non-CMV infections, with bacterial septicemia being the predominant infection [4].
During the first year after transplantation, mortality from infections remains high (31.3%), but subse-
quently declines to approximately 10e13% per year [4].

Upper and lower respiratory tract infections are common [64] and are important predictors of
mortality, representing a significant portion of the post-transplantation mortality. Pulmonary in-
fections occur more frequently during the first 6 months after transplantation [64,65]. Some series
report that pulmonary infections are the most common cause of mortality in heart transplant patients,
with Aspergillus fumigatus being themost common opportunistic pathogen, particularlywithin the first
3 months [66,67]. The incidence of pneumonia in transplant recipients is ~21%, with 75% of cases
occurring in the first 3 months. Most causal agents are opportunistic (60%) and nosocomial (25%). The
most frequently identified microorganisms are CMV, Aspergillus species, and Pneumocystis jirovecii. The
described overall mortality rate is 30.8%. The presence of bilateral pulmonary infiltrates and Aspergillus
infection are independent risk factors of a poor prognosis [67].
Table 5
ISHLT standardized acute cellular rejection grading.

Grade Severity Definition

Grade 0 R Not significant No rejection
Grade 1 R Mild Interstitial and/or perivascular infiltrate with up to one focus of myocyte damage
Grade 2 R Moderate Two or more foci of infiltrate with associated myocyte damage
Grade 3 R Severe Diffuse infiltrate with multifocal myocyte damage ± edema ± hemorrhage ± vasculitis
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Malignancy
Malignancy is the fourth most common cause of death at 5 years after transplantation [4]. Up to 28%

of patients will have a malignancy by year 10 after transplantation [4,33]. The most common malig-
nancies are skin (18%) and lymphomas (1.9%) [4]. Though lymphomas only account for <2% of ma-
lignancies, they are associated with higher mortality than skin malignancies. Other malignancies
account for a combined incidence of 10% and include prostate, lung, bladder, Kaposi's sarcoma, breast,
cervical, colon, and renal cancers [4].

Functional outcomes and quality of life

Heart transplantation not only provides increased survival but also improves the quality of life and
functional ability in transplant recipients. Despite significantly improved functional scores when
compared with pretransplant status, many patients report problems in functional areas 1 year post
transplantation. A study assessing a large cohort of transplant recipients bymeasuring Sickness Impact
Profile functional scores found that the major problem areas were work (for 90% of patients), eating
(because of dietary restrictions, 87%), social interaction (70%), recreation (63%), home management
(62%), and ambulation (54%) [68]. More importantly, this study found that only 26% of patients were
working 1 year after transplant. Additionally, in the group of patients working, 59% reported health-
related problems affecting job performance [68]. At 1 year after transplant, predictors of lower func-
tional status are presence of more symptoms, stress, neurologic problems, depression, female sex,
older age, and lower left ventricular ejection fraction [68]. In the long term, patient satisfaction im-
proves, with all areas of life rated highly at 5e6 years after heart transplantation. However, patients
older than 60 years were more satisfied with their quality of life than younger patients [69].

A study addressing age and gender differences in functional outcomes of heart transplant recipients
found that women reported more symptoms (including cardiovascular, gastrointestinal, and derma-
tologic) and more functional disability (including in ambulation, mobility, self-care, and home man-
agement). Older patients reported more disability in ambulation and work. In general, the differences
in symptoms and disability were more pronounced by gender than by age [70].

Summary

The overall outcomes of heart transplantation continue to improve. A considerable progress has been
achieved in decreasing early mortality by more refined and effective management of graft failure and
dysfunction. However, long-termmortality continues to be affected by progressive CAV, late graft failure,
rejection, infectious complications, and issues because of chronic immunosuppression. While the ulti-
mate aims of preventing rejection and finding alternatives to immunosuppression are still elusive, other
supportive and therapeutic modalities that promise to help alleviate problems such as graft failure, PGD,
and CAV are rapidly evolving. Similar attention is required to improve donor selection and optimal
physiological management, donor graft and recipient matching, and graft preservation techniques.
Practice points

� During the first year, graft failure, infection, and multiorgan failure are the most common
causes of mortality.

� In the long term, malignancy, graft failure, cardiac allograft vasculopathy, and infections are
the most common causes of mortality.

� Delirium and cerebrovascular events are the most common neurologic complications in the
perioperative setting after heart transplant, with pain and depression common in the long term.

� Chronic kidney disease is common after heart transplantation and is associated with
increased mortality.

� Up to 39% of heart transplant recipients develop diabetes mellitus after transplantation.
� Management of PGD is mostly supportive, but early mechanical circulatory support can
improve survival.



Research agenda

� Prevention and treatment strategies for cardiac allograft vasculopathy
� Optimal immunosuppression strategy
� Prevention of renal dysfunction after heart transplantation
� Understanding the molecular mechanisms of graft damage during PGD and its translation
into effective therapies.

� Multicenter trials andmega data assessing effective protocols for PGD with the development
of inter-institutional protocols.

� Understand the mechanisms of graft preservation injury to improve organ preservation and
transportation methods.
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