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Introduction
Heart transplant is the accepted treatment option for selected 

advanced heart failure patients with a median survival ~12 to 13 
years and an improved quality of life. Unfortunately, heart transplant 
is not a definitive cure and patients are at risk for developing different 
complications during the post-transplant period. Some of the most 
common complications are rejection, cardiac allograft vasculopathy, 
graft dysfunction, chronic kidney disease (CKD), infection and 
malignancy with increasing incidence during post-transplant follow-
up (Figure 1). Virtually all heart transplant recipients will suffer 
at least one complication. Consequently patient quality of life and 
survival may be impaired depending on the complication severity. 
This article reviews the most frequent complications after heart 
transplantation describing their frequency, risk factors, consequences 
and treatment strategies. Table 1 provides a summary of main points 
discussed in this paper.

Abstract
For selected patients living with the most advanced stages of 
heart failure, cardiac transplantation is considered the gold-
standard treatment, providing substantial improvements in survival 
and quality of life. However, heart transplantation is not without 
risk, and almost all transplant recipients will suffer some form of 
complication, from mild to potentially fatal,and should be informed 
of this prior to transplant. This review highlights the most frequent 
complications following heart transplant, including rejection, 
cardiac allograft vasculopathy, graft dysfunction, chronic kidney 
disease, infection, and malignancy. A detailed overview of the 
incidence, risk factors, consequences, and treatments of these 
complications are discussed. Health care professionals must work 
closely with patients and their families to prevent, identify, and treat 
such complications if and when they do arise. Such collaboration is 
crucial in helping to meet the ultimate goals of heart transplantation: 
improved survival and quality of life.
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Rejection
The recipient’s body may reject a donor organ through hyperacute 

rejection, acute cellular rejection, or antibody-mediated rejection 
[1,2]. The risk for developing rejection is the highest in the first six 
months following heart transplantation, with a decrease as the time 
from transplantation increases [3]. Sex and age are both linked to 
rejection risk, with females and younger individuals being at higher 
risk [4]. Similarly, patients of black race [2] are also at a higher risk 
of rejection. A higher rate of rejection one-year post-transplant has 
been reported in patients who received induction therapy, however, 
this may represent selection bias with higher risk patients receiving 
induction [4].
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Figure 1: Cumulative incidence of complications during post-heart transplant 
period based on published data [73,89].
CKD: Chronic Kidney Disease; CAV: Cardiac Allograft Vasculopathy.
*The incidence for rejection is only representative of patients who were 
hospitalized for rejection, reflecting that these cases are the most severe, and 
thus, of greatest relevance. 
*The incidence for the various complications are not mutually exclusive, 
explicitly stated: patients in one category of complication may also have another. 
*The data for CAV, CKD, and malignancy were derived from Kaplan-Meier 
survival curves.
*CKD defined as serum creatinine greater than 2.5 mg/dL.
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immune response to vascular endothelial antigens in the allograft, 
involving both B-cells and T-cells [3]. Though not as common as 
acute cellular rejection [3], antibody-mediated rejection has an 
estimated incidence of 10 to 20% in the first year post-transplant [9]. 
Mixed rejection -simultaneous acute cellular rejection and antibody 
mediated rejection-can be seen in as many as 25% of acute rejection 
cases [3].

An important risk factor for antibody-mediated rejection 
is sensitization to HLA molecules prior to transplantation [10]. 
Sensitized patients have pre-existing antibodies against HLA 
molecules [11], which can be quantified by their calculated PRA 
(cPRA) [8]. The cPRA is  calculated based on HLA antigen profile 
of the population of potential donors [11]. The cPRA represents the 
probability that a recipient will have an unacceptable donor based on 
the presence of incompatible antigens (a probability of 10% means that 
one in ten donors will be unacceptable for that particular recipient). 
Risk factors for sensitization include infection [12], pregnancy, blood 
transfusion, ventricular assist device (VAD), or previous transplant 
[13]. A United Network for Organ Sharing/Organ Procurement and 
Transplantation Network (UNOS/OPTN) database study reported 
that patients with a most recent pre-transplant PRA greater than 25% 

Hyperacute rejection

During the immediate post-transplant phase, after cross clamp 
removal, hyperacute rejection may occur when the recipient has pre-
existing donor directed human leukocyte antigen (HLA) antibodies 
[5,6]. In a 1991 study of 463 heart transplant patients, 18 patients 
were diagnosed with hyperacute rejection (approximately 4%) [7]. 
Fortunately, hyperacute rejection is now uncommon as a result of 
both antibody screening prior to transplantation (panel reactive 
antibodies (PRA)), and blood type matching [2].

Acute cellular rejection

This remains a frequent complication post-transplant [2]. It 
involves recipient T-cells recognizing donor HLA molecules by 
means of antigen-presenting cells [1]. Around 20 to 40% of patients 
will experience acute cellular rejection between 6 and 12 months 
post-transplant [8], though most patients are asymptomatic without 
allograft dysfunction [3].

Antibody-mediated rejection

This type of rejection is characterized by an antibody-driven 

Table 1:  Main complications after heart transplantation. Incidence, risk factors, main consequences and therapeutic and prophylactic strategies. Refer to each 
complication section in the text for detailed information.

Rejection Cardiac Allograft 
Vasculopathy

Graft Dysfunction Chronic Kidney 
Disease

Infection Malignancy

Incidence -20% at 1 year
-37% at 3 years
-45% at 5 years

-8% at 1 year
-30% at 5 years
-50% at 10 years

Early graft failure:
-2 to 28%
Late graft failure: 
-4.3% at 1 year
-6.7% at 5 years
-10% at 10 years

-6% at 1 year
-14% at 5 years
-19% at 10 years

-65% at 1 year
-85% at 5 years 
-91% at 10 years

-2.6% at 1 year
-14% at 5 years 
-28%at 10 years  

Risk factors -sensitization to HLA 
molecules prior to 
transplantation
-infections
-pregnancy
-blood transfusion
-ventricular assist 
device 
-previous transplant
-donor specific 
antibodies

-Older donor age
-ischemic 
cardiomyopathy
-cytomegalovirus 
infection
-HLADR - antibody 
matching
-number of rejection 
episodes at 1 year

-older recipient age
-pulmonary 
hypertension
-mechanical 
circulatory support
-mechanical 
ventilation prior to 
transplant
-older donor age
-sex mismatch
-trauma and 
intracerebral 
bleeding as cause 
of death in donor

-preoperative 
diagnosis of chronic 
kidney disease
-active hepatitis C 
virus 
-older recipient age 
-female sex
-diabetes
-acute kidney injury

-young and old age
-ventilator support
-ventricular assist 
device
-donor black race
-female sex
-induction therapy
-chronic graft 
dysfunction
-reoperation
-acute rejection in the 
early post-transplant 
period
-relapsing viral 
infections
-previous bacterial 
infections

Skin malignancy:
-older age
-light skin type
-high sunlight exposure
Post-transplant 
lymphoproliferative disorder:
-Epstein-Barr virus infection
-high intensity of 
immunosuppression
-antibody induction therapy using 
OKT3

Non-skin cancers:
-antibody induction agents
-donor history of cancer
-female sex
-pacemaker prior to discharge
-older recipient age
-ischemia time

Main 
consequences

-decreased survival
-hospital 
readmissions 
-graft failure
-arrhythmia
-pericardial effusion
-cardiogenic shock
-sudden cardiac 
death
-cardiac allograft 
vasculopathy
- adverse events 
secondary to 
augmentation of 
immunosuppression

-decreased survival
-graft failure
-sudden cardiac 
death
-myocardial infarction

-decreased survival
-sudden cardiac 
death

-decreased survival
-hypertension
-hyperkalemia
-proteinuria
-rejection/adverse 
events secondary 
to modification of 
immunosuppression

-decreased survival 
-hospital readmissions 
-sepsis 
-multi-organ failure
- cardiac allograft 
vasculopathy
- rejection due to 
minimization of 
immunosuppression
Asterix is confusing. 
Maybe add this in 
parentheses instead

-decreased survival
-rejection due to 
significant minimization of 
immunosuppression
-sudden cardiac death secondary 
to rejection

Therapeutic/
Prophylactic 
strategies

- augmentation of 
immunotherapy
-induction therapy

-statin therapy
-adjustment of 
immunosuppression
-percutaneous 
coronary intervention
-coronary artery 
bypass grafting
-retransplantation

Early graft failure: 
-mechanical support
-extracorpeal 
membrane 
oxygenation
-ventricular assist 
device
-retransplantation

Late graft failure:
-heart failure 
therapy
-retransplantation

-modification/
minimization of 
immunosuppression
-dialysis
-kidney 
transplantation

-treatment of pre-
transplant infections 
-education on how to 
prevent infection
-testing for sufficient 
immunization
-prophylactic 
antibiotics
-routine monitoring for 
infection
-broad spectrum 
antibiotics and antiviral 
and antifungal agents 
to treat infections 
- decrease in 
immunosuppression

-increased cancer screening
-screening of Epstein-Barr virus 
load to detect post-transplant 
lymphoproliferative disorder in 
high risk patients 
-decreased immunosuppression in 
patients with cancer or at high risk 
for developing cancer
-cancer specific treatment
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cardiovascular mortality of 12.6%, 21.2%, and 18.0%, respectively 
[26].

Traditionally, surveillance endomyocardial biopsies are 
performed to monitor for rejection [3]. Though the regularity of 
their use varies by institution, endomyocardial biopsies are often 
performed in the three months post-transplant and less frequently 
for the remainder of the first year [3]. This time frame is consistent 
with the increased risk of rejection in the first six months following 
transplantation [27]. The necessity of routine endomyocardial 
biopsies after one year post transplant is unclear [28], however, 
endomyocardial biopsies are still performed for ‘cause’ if patients 
have symptoms or graft dysfunction [3]. As an endomyocardial 
biopsy is an invasive procedure [29] with a high complication rate 
(6% of cases) [30], efforts are being made to develop other reliable 
testing methods. Gene-expression profiling (GEP - Allomap test) is 
one possible tool [29]. For low risk patients, this non-invasive test 
may be used to rule out an acute cellular rejection diagnosis between 
6 months and 5 years post-transplant [31-33].

Immunotherapy is used both to prevent and treat rejection [8]. 
The widely used triple-regimen of immunosuppression (IS) involves 
corticosteroids, calcineurin inhibitors (CNIs), and anti-metabolites 
[2,8]. Patients receive larger doses of drugs such as corticosteroids 
at the beginning of the post-transplant period, as well as during 
instances of acute rejection [2]. Though the IS regimen is critical for 
the prevention and treatment of rejection, it is important to minimize 
significant side effects associated with these drugs [8]. Induction 
therapy-aggressive antibody IS used at the time of transplantation 
in an effort to avoid rejection [8] - is used in approximately 50% of 
patients [34]. Induction therapy is often used in sensitized patients 
to minimize the rejection risk, or in those with renal dysfunction to 
delay the initiation of CNIs [1,35].

Cardiac Allograft Vasculopathy
Cardiac allograft vasculopathy is an accelerated form of intimal 

hyperplasia that occurs in the coronaries of the transplanted heart. 
It has historically been a limiting factor for the long-term survival of 
heart transplantation, responsible for 32% of deaths after 5 years [36]. 
According to the 2015 ISHLT report, cardiac allograft vasculopathy 
was detectable by angiography in 8% of survivors within the first year, 
30% by 5 years, and 50% by 10 years after transplant [36]. The diffuse 
and progressive nature of cardiac allograft vasculopathy explains 
some of the challenges associated with interventional therapies.

The pathophysiology of cardiac allograft vasculopathy involves 
both immune and non-immune mediated endothelial damage with 
changes that can be seen as early as 6 months post-transplant [37]. 
The earliest changes are characterized by intimal thickening of the 
proximal arteries followed by fibrofatty atheromatous plaque and 
ultimately diffuse fibrous thickening of the intima which can have 
overlying atheromatous plaques [37]. Unlike the focal and proximal 
nature of non-transplant coronary artery disease, cardiac allograft 
vasculopathy affects distal vessels as well. Intimal progression is 
accompanied by fibrosis of the media; whereas the capillaries remain 
relatively unaffected due to a lack of smooth muscle cells [37].

A recent systematic review summarizing cardiac allograft 
vasculopathy risk factors revealed a lack of consistent evidence 
and strength of association which prevented pooling of the data 
[38]. Independent predictors identified are cited in Table 2. Factors 
which led to the variation in results across different studies included: 
inadequate description of participants, inappropriate statistical 
methods and varying definitions of cardiac allograft vasculopathy 
[38].

The most widely used cardiac allograft vasculopathy screening 
test is coronary angiography. The recent ISHLT guidelines on 
cardiac allograft vasculopathy nomenclature classifies cardiac 
allograft vasculopathy into four categories: 0 (non-significant), 1 
(mild disease), 2 (severe) and 3 (severe cardiac allograft vasculopathy 
associated with graft dysfunction) [39]. Severity parallels the degree 
of stenosis where severe degree is reached if the left main is > 50% 

had a higher risk of treated rejection in their first year post-transplant 
versus patients with a 0% PRA (OR 1.4, 95% CI = 1.07-1.92) [14].

Donor-specific antibodies are also associated with increased risk 
of rejection. Donor-specific antibodies can develop after transplant. 
A recent single-center study of 224 heart transplant recipients who 
survived more than one-year post-transplant (follow up time 5-13 
years) assessed the impact of de novo donor-specific antibodies. 
In this study, 33% of patients developed de novo donor-specific 
antibodies, with persistent de novo donor-specific antibodies (noted 
in at least 2 successive annual serum samples) accounting for 84% 
of these individuals. Patients with persistent de novo donor-specific 
antibodies had poorer overall survival (HR 4.3, 95% CI = 1.9-9.8). The 
presence of donor-specific antibodies was also significantly associated 
with the development of biopsy-proven rejection episodes in the first 
year post-transplant [15].

In order to minimize risks and consequences of rejection, 
antibodies are measured pre- and post-transplant [11]. When a 
potential donor heart is identified, a crossmatch is performed. The 
cross match compares donor antigens and recipients antibodies. 
It can be done prospectively (using donor blood and recipient’s 
plasma before transplant is performed) [16], retrospectively (using 
donor blood and recipient’s plasma after transplant is performed), or 
virtually (comparing donor identified antigen and recipient’s known 
HLA antibodies prior to transplant) [17]. An advantage of the virtual 
crossmatch is that a comparison can be made to a national donor pool 
in an effort to find a negative match [18]. A prospective crossmatch 
may limit access to the local donor pool [18], as waiting to receive 
cells from a non-local donor in order to perform the prospective 
test may increase the ischemic time of the graft [19,20] potentially 
compromising its quality.

There are two strategies to manage highly sensitized patients (for 
example patients with a cPRA > 80%). One is to avoid antibodies 
(through use of cross matching) and the other is to use desensitization 
strategies to lower the amount of circulating antibodies, potentially 
making the patient a more suitable candidate for transplant [12]. 
The former strategy may delay transplantation. The latter strategy 
may increase the risk of rejection. A study of 523 heart transplant 
recipients compared outcomes of three groups of patients; sensitized 
patients receiving desensitization therapy, non-sensitized patients 
and sensitized patients who did not undergo desensitization. At 
five-year follow-up, the risk of rejection was higher in desensitized 
patients (43% risk of treated rejection vs. 15% in non-desensitized 
sensitized patients and 12.6% in non-sensitized patients); mortality, 
risk of cardiac allograft vasculopathy, infection and non-fatal major 
adverse cardiac events was similar amongst the groups [21].

Rejection can result in a number of complications. Initially, 
diastolic allograft dysfunction can be observed due to myocardial 
edema [3]. Ultimately patients may develop systolic dysfunction [3]. 
The clinical manifestations of rejection are varied, from absence of 
symptoms or general malaise; to more cardiac specific signs including 
arrhythmias (atrial and ventricular arrhythmias), pericardial 
effusions, and symptoms such as exertional dyspnea, fatigue, 
hypotension and less commonly cardiogenic shock [3,22]. Though 
symptoms of allograft dysfunction may not be apparent, rejection 
may result in sudden cardiac death [23].

Other adverse consequences associated with rejection include 
cardiac allograft vasculopathy [3]. Patients hospitalized due to 
rejection during the first five years post-transplant are at a ~ 2-fold 
higher risk of developing cardiac allograft vasculopathy (OR 1.93, 
95% CI = 1.23-3.05) [24]. Rejection remains a common cause of death, 
the ISHLT (International Society of Heart and Lung Transplantation) 
registry reports that acute rejection caused up to 11% of deaths 
between one and three years post-transplant [25]. The increased 
risk of death differs according to the type of rejection experienced, 
with antibody-mediated rejection or mixed rejection having a higher 
risk. In a study of 801 heart transplant recipients, early (within 3 
months post-transplant) acute cellular rejection, antibody-mediated 
rejection and mixed rejection were associated with an overall risk of 
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patients with treatable vessels in comparison to those patients who did 
not have technically suitable vessels (48.5% vs. 75% ) [59]. Similarly, 
in a small single-center study of coronary artery bypass grafting, 
10/13 patients (77%) were alive after a mean follow-up of 3.25 years 
[60]. For selected patients with severe cardiac allograft vasculopathy 
retransplantation remains the best option [36].

Graft Dysfunction
Graft dysfunction occurs frequently post-heart transplant, either 

immediately after transplantation, within the first 30-days or late, 
appearing after one year of normal graft function.

Early graft dysfunction

A recent report from the ISHLT shows the incidence of early 
graft dysfunction to range between 2% to 28% [61]. This is due to a 
wide variety of definitions and criteria used for the diagnosis of graft 
dysfunction, ranging from death or need for re-transplantation, to 
reduced left ventricular ejection fraction (< 40%) or elevated intra-
cardiac pressures (for diastolic dysfunction or right ventricular 
dysfunction) [61-63].

The ISHLT developed a consensus-based definition and 
classification for early graft failure to improve standardization [61]. 
Early graft failure is categorized as primary or secondary depending 
on the time and cause of onset. Early primary graft dysfunction (or 
simply primary graft dysfunction) occurs within the first 24-hour 
post-transplant with an unknown cause. Primary graft dysfunction is 
further classified as right or left ventricular in nature. Left ventricular 
primary graft dysfunction is further sub-classified according to the 
level of medical and mechanical support required; mild (need for 
low dose intravascular inotropes), moderate (need for high dose 
intravascular inotropes or intra-aortic balloon pump implant), or 
severe (need for mechanical circulatory support excluding intra-
aortic balloon pump). Secondary early graft dysfunction is due to an 
identifiable cardiac insult such as hyper-acute or acute rejection, or 
pulmonary hypertension.

Risk factors for primary graft dysfunction are variable and difficult 
to put into context due to previous variability in its definition. Despite 
this, donor and recipient risk factors, and complications during the 
perioperative period play a role in modifying risk of primary graft 
dysfunction. Recipient risk factors include older recipient age (age 
≥ 60 years, relative risk - RR - 1.9; 95% CI 1.1-3.7) [62], presence of 
pulmonary hypertension [61], bridging with inotropes or mechanical 
circulatory support, and use of mechanical ventilation prior to 
transplant (odds ratio - OR- /RR ranging from 2.1-10.29) [62,64,65]. 
Donor characteristics such as older age (RR 1.7; 95% CI 1.1-3.1) 
[62,64], sex mismatch (female donor to male recipient implying an 
undersized donor heart) (OR 1.23; 95% CI 1.03-1.47) [66], and causes 
of brain death such as trauma and intracerebral bleeding increase the 
risk of early primary graft failure (OR 2.45; p-value < 0.01) [67,68]. 
Perioperative factors such as prolonged ischemic time has also been 
shown to increase the risk of primary graft dysfunction (RR 1.9; 95% 
CI 1.1-3.5) [64,67].

Primary graft dysfunction is associated with decreased post-
transplant survival. A recent study looking at the association 
of primary graft dysfunction with overall 1-year survival, using 
unadjusted analysis, found that with increasing severity in primary 
graft dysfunction, there is a decrease in survival at 1-year (94%, 75%, 
and 44% 1-year survival for mild, moderate, and severe respectively) 
[69].

or other primary vessels reach > 70% [40]. A major drawback of 
coronary angiography is its low sensitivity, meaning that it detects 
cardiac allograft vasculopathy in only 10-20% of patients after 1 year 
of transplantation when referenced to histopathologic examination 
[41]. This is especially true for the detection of early vascular lesions 
which appear to have < 25% diameter reduction. This issue is largely 
addressed by intravascular ultrasound, the current gold standard, 
which detects cardiac allograft vasculopathy in 50% of patients at one 
year post-transplant [37]. However, the size of the catheter limits the 
use of intravascular ultrasound to larger epicardial vessels [42].

Dobutamine stress echocardiography is the non-invasive test of 
choice, with specificities of up to 88% when referenced to intravascular 
ultrasound [43]. Furthermore, its excellent negative predictive value 
ranging from 92-100% makes it potentially useful to lengthen the time 
interval between angiographic screening [44,45]. Cardiac magnetic 
resonance, a safe and versatile non-invasive modality, has been shown 
to have a high diagnostic accuracy for cardiac allograft vasculopathy 
when using myocardial perfusion reserve index as a surrogate measure 
of myocardial blood flow [46]. Newer technologies such as the use of 
18-fluoro-deoxyglucose-positron emission tomography (FDG-PET) 
and measurement of the release of adenosine triphosphate from 
activated lymphocytes show promise in the diagnosis of early cardiac 
allograft vasculopathy [47,48].

Denervation of the transplanted heart limits the usefulness of typical 
symptoms of coronary disease such as angina; leading to more serious late 
clinical presentations, heart failure and sudden death. Rapid progression 
of cardiac allograft vasculopathy (≥ 0.5 mm intimal thickness within 
1-year) is associated with an incidence of death/myocardial infarction of 
51% compared to 16% in those who have a smaller change in intimal 
thickness [49]. In a report from the UNOS database, 6% of patients with 
cardiac allograft vasculopathy experienced sudden cardiac death, with 
45% of all sudden cardiac deaths being attributed to cardiac allograft 
vasculopathy [50]. The most recent ISHLT report found that those 
diagnosed with cardiac allograft vasculopathy by angiography within 3 
years of transplant had a mortality rate at 5 and 10 years of 28% and 50% 
respectively [36].

Statin therapy post-transplant has been shown to reduce the risk 
of cardiac allograft vasculopathy [51,52]. For established cardiac 
allograft vasculopathy, high-intensity statin therapy (80 vs. 10 mg 
atorvastatin) resulted in a 2.2% absolute reduction (or 22% relative 
risk reduction) in the rate of major cardiovascular events (death 
from cardiac allograft vasculopathy, nonfatal myocardial infarction, 
resuscitation after cardiac arrest, or fatal or nonfatal stroke) [53,54]. 
IS therapy with proliferation signal inhibitors such as everolimus and 
sirolimus, have been clinically shown to prevent/slow the progression 
of cardiac allograft vasculopathy. In two separate trials, patients 
treated with sirolimus or everolimus as compared to azathioprine 
or mycophenolate mofetil had a lower incidence of cardiac allograft 
vasculopathy (12.5% vs. 26.7%) between 1 and 2 years [55,56]. More 
recently, similar results were reported in the SCHEDULE trial 
comparing everolimus therapy and early withdrawal of cyclosporine 
versus standard CNI [57].

Other options to prevent cardiac allograft vasculopathy progression 
including IS augmentation with intravenous methylprednisolone and 
aggressive antibody IS (antithymocyte globulin) have been studied in 
a small study (22 patients with cardiac allograft vasculopathy) showing 
regression in established cardiac allograft vasculopathy [58].

A recent observational study found that percutaneous coronary 
intervention (PCI) was associated with a lower 5-year mortality in 

Table 2: Risk factors for the development of cardiac allograft vasculopathy identified in various single-center observational studies.

Risk Factor Relative Risk [RR] / Odds Ratio [OR] Mean Risk 95% Confidence Interval
Donor Age (40-50 yrs. vs. < 40 yrs.) RR 2.39 1.14-4.98 [125]
Ischemic Heart Failure OR 1.17 1.05-1.31 [126]
Cytomegalovirus Disease OR 2.47 1.02-5.97 [125]
Human leukocyte antigen matching (for DR Locus) OR 2.05 1.00-4.22 [127]
Number of Rejection Episodes at 1 year OR 1.9 1.30-2.80 [128]

DR, antigen D related.



• Page 5 of 11 •Alba et al. Int J Transplant Res Med 2016, 2:022

artery stenosis may prevent the development of renal dysfunction 
[80]. However, despite these measures CKD remains a common 
complication.

The presence of CKD contributes to other comorbidities such 
as, hyperkalemia, hypertension, and proteinuria, reducing long term 
survival. In fact, mortality for patients with severe CKD is 14% greater 
by five years post-transplant, and 19% greater by ten years after 
transplantation, compared to patients that do not have CKD [73].

Given that the mainstay of IS therapy contributes substantially to 
CKD, one possible option is the use of alternative non-nephrotoxic 
IS drugs. Several studies have evaluated using alternate agents (such 
as sirolimus, everolimus, and mycophenolate mofetil), minimizing 
(lowering the dose), discontinuing (stopping the drug after exposure), 
or avoiding (never administering the drug) CNIs in an attempt to 
improve renal function. A recent study evaluating CNI minimization 
strategies based on addition of everolimus or mycophenolate mofetil 
found that creatinine clearance was stable in patients who received a 
very low dose of cyclosporine with everolimus, and was even better 
in patients that received low dose cyclosporine and mycophenolate 
mofetil [81,82]. However, there is a trend towards higher episodes of 
rejection in patients with a minimized dose of CNI [82].

CNI discontinuation and sirolimus initiation may also lead to 
improvements in renal function. Heart transplant recipients that 
were converted from CNI to sirolimus had improved creatinine 
clearance compared to patients that remained on CNI-based IS [83]. 
However, the risk of rejection was higher in the CNI-free group (of 
the 15 patients who experienced an episode of rejection, 14 were 
receiving the sirolimus-based CNI-free treatment) [83].

While both CNI minimization and discontinuation have 
been studied, CNI discontinuation appears to be more effective at 
improving renal function than CNI minimization. While creatinine 
clearance remained stable in patients that had a reduction in their 
CNI dose, it improved in patients that had their CNI dose withdrawn 
and sirolimus initiated [84]. Additionally, patients in the reduced 
dose of CNIs group required dialysis more frequently, and had more 
episodes of rejection, than patients that had their CNI discontinued 
[84]. However, there were a greater number of adverse events, such 
as: infection, edema, bone marrow toxicity, and gastrointestinal side 
effects, in patients who received sirolimus [84] highlighting the need 
to balance both the benefits and risks of each immunosuppressant 
carefully.

CNI avoidance was evaluated in a small study where eight heart 
transplant recipients were started on a CNI-free regimen consisting 
of mycophenolate mofetil, sirolimus, and prednisone, immediately 
after transplantation [85]. These patients experienced a decrease 
in serum creatinine; however, rejection episodes occurred in two 
patients [85]. This is consistent with the increased incidence of acute 
rejection (OR 1.74, 95% CI 1.08-2.81) that is seen in kidney transplant 
patients who receive a sirolimus-based CNI-free regimen compared 
to kidney transplant recipients treated only with CNIs [86].

In addition to modifying IS therapy, heart transplant recipients 
with CKD may need dialysis or renal transplantation. The risk of 
requiring chronic dialysis or renal transplantation by ten years 
after transplantation is 5.9% and 3.6%, respectively among overall 
transplant recipients [73]. A recent study found that patients that 
require chronic dialysis after cardiac transplantation have a 40% 
survival at five years post-transplant, compared to those requiring 
temporary or no dialysis; who have a survival of 78% and 82%, 
respectively [87]. In heart transplant recipients, renal graft survival 
is only 61% after five years [88]. However, it is important to note that 
heart transplant recipients that receive a renal transplant have a 43% 
greater chance of survival compared to patients that remain on dialysis 
[88]. Ultimately, clinicians must weigh the pros and cons associated 
with IS therapy modification, dialysis, and renal transplantation on a 
patient-by-patient basis.

Infection
IS therapy can lead to an increased risk of infection due to the 

Mechanical support, extracorporeal membrane oxygenation or 
ventricular assist devices may be used to treat cases of severe graft 
dysfunction [70-72]. In patients supported with extracorporeal 
membrane oxygenation, cannulation in the operating room or within 
the first seven days post-transplant has a success rate (survival to 
discharge) of 50% [70]. Selected patients with severe graft dysfunction 
may be considered for re-transplantation [72]. Registry data from 
UNOS and ISHLT suggests the probability of re-transplantation to be 
0.1% at 30 days, and increasing to 14% at 3 months [64,73].

Late graft dysfunction

Late graft dysfunction remains a common cause of death, with 
an increasing cumulative incidence of 4.3%, 6.7%, and 9.9% at 1, 5, 
and 10 years respectively [73]. Late graft dysfunction, left ventricular 
ejection fraction ≤ 30%, has an incidence of 12% in a mean follow-up 
of four years [74]. The common causes of late graft dysfunctionare 
acute cellular rejection (325), cardiac allograft vasculopathy (27%) and 
antibody-mediated rejection (20%). Approximately 21% of late graft 
dysfunction is unexplained [75]. Patients with no identifiable cause 
for graft dysfunction have the worst prognosis, with a 62% mortality 
1-year after diagnosis (30% in patients with graft dysfunction (left 
ventricular ejection fraction < 30%) due to antibody-mediated 
rejection and cardiac allograft vasculopathy, 19% due to cell-mediated 
rejection) [75]. Risk factors for late graft dysfunction overlap with 
those of cardiac allograft vasculopathy and rejection. Please refer to 
the respective sections discussing these two complications.

Late graft dysfunction is one of the major causes of death post 
heart transplant. Registry data from the ISHLT shows late graft failure 
to be responsible for 15.7% of deaths up to the first year, 29% from 
1 to 3 years, and 17.5% from 10 to 15 years post-transplant [73]. Re-
transplantation may be reasonable in eligible patients with late graft 
dysfunction [73]. Better risk prediction of graft dysfunction may 
allow for enhanced prognostication, earlier intervention, targeted 
therapies and potentially earlier assessment for re-transplantation. 
These in turn may reduce the number of deaths attributed to graft 
dysfunction.

Chronic Kidney Disease
The dramatic improvement in outcomes with heart 

transplantation over the last two decades can largely be attributed 
to the use of CNIs (cyclosporine or tacrolimus) [76]. Although these 
drugs play a critical role in preventing graft rejection, they have side 
effects, including nephrotoxicity [76]. In fact, by ten years post-
transplant, 19.3% of heart transplant recipients will have developed 
CKD (defined as creatinine > 2.5 mg/dl) [73]. Certain individuals have 
a higher likelihood of developing CKD. Patients with a preoperative 
impaired renal function are the most susceptible, with a 3-fold higher 
risk in patients with pre-transplant glomerular filtration rate of < 
60 ml/min/1.73 m2 [77]. Other important risk factors include active 
hepatitis C virus (HR 2.87, 95% CI 1.24-6.67), advancing age (HR 
1.24, 95% CI 1.22-1.26; per 10 year increment), female sex (HR 1.97, 
95% CI 1.56 - 2.50), and diabetes (HR 1.44, 95% CI 1.04-1.99) [77].

The development of acute kidney injury defined as an early 
increase in serum creatinine of ≥ 0.3 mg/dl [or 26 umol/L] or ≥ 50% 
increase in serum creatinine from pre-transplant, or the need of 
early post-operative dialysis) is a frequent complication during the 
post-operative period, affecting 25% of heart transplant recipients 
[78]. Acute kidney injury is also associated with an increased risk 
for developing CKD (RR 3.03, p < 0.05) [79] and markedly increased 
mortality. Patients with a serum creatinine level greater than the 
critical threshold (as defined above) have 6% increased mortality at 
3-months post-transplant [78]. Additionally, patients that require 
early post-transplant dialysis have 18% increased mortality at 3 
months post-transplantation, respectively [78].

While at-risk patients are now easily identifiable, preventing CKD 
is difficult. Preventing rejection episodes and atherosclerosis with 
statins and omega-3-fatty acids, reducing the number of coronary 
angiographies, treating hypertension and screening for renal 
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[25,97]. The risk of death due to infection is highest between 1 month 
and 1 year following transplant and then decreases significantly 
after the first year post-transplant [25]. Infection is also associated 
with 17% of hospital readmissions in the first year following heart 
transplant [73].

The specific consequences of infection vary depending on the 
micro-organism, the ability of the host to generate an effective 
immune response, and prescribed therapies. All infections have the 
potential to cause sepsis and multi-organ failure, which is associated 
with up to 50% mortality [98]. Severe infections may also necessitate 
decreases in IS, which can lead to an increased risk of allograft 
rejection [99].

Cytomegalovirus is an important infection in heart-transplant 
patients, affecting 47% of patients in the first year post-transplant despite 
pre-emptive and prophylactic therapies [100]. Clinical manifestations of 
cytomegalovirus can range from flu-like symptoms to organ infiltration 
and damage. Furthermore, cytomegalovirus can indirectly lead to cardiac 
allograft vasculopathy, post-transplant lymphoproliferative disorder, 
and suppression of the immune system, which can further predispose 
individuals to opportunistic infections and malignancy [101]. While 
cytomegalovirus infection is still associated with mortality (up to 0.7% of 
all deaths), the prognosis has improved over time [25,102]. This is likely 
due to implementation of donor/recipient serology testing, prophylactic 
use of ganciclovir in high-risk patients, and regular monitoring of viral 
load following transplant [102].

Infections should be treated in the potential recipient before 
transplantation to prevent exacerbation once IS is started [91]. In 
the case of chronic infections such as hepatitis C virus or human 
immunodeficiency virus (HIV), a positive recipient status does not 
necessarily preclude transplant. While there is some variability in the 
literature, after adjusting for donor and recipient factors, there is no 
difference in the survival of hepatitis C virus positive and negative 
recipients [103,104]. Similarly, limited available data suggests that 
carefully selected HIV-positive recipients can expect good outcomes 
[105]. Furthermore, 2016 guidelines have also noted that Chagas 
disease and tuberculosis (non-active disease) should not exclude nor 
delay recipients from transplantation, however close monitoring and 
appropriately timed treatment is required [106].

Donors and recipients should be screened, using serology testing, 
for common infections (Table 4). Recipients should be evaluated for 
sufficient immunization against common pathogens, and educated 
on how to prevent infection post-transplant [107].

suppression of the hosts immune response. Many heart transplant 
patients will develop an infection following transplant, with a cumulative 
incidence of 85% after 5 years [89]. In particular, immunocompromised 
individuals are at an increased risk of opportunistic viral and bacterial 
infections. Most infections involve the respiratory system, urinary 
tract, and the skin [90]. Commonly reported infections include 
cytomegalovirus, herpes simplex virus, Epstein-Barr virus, varicella zoster 
virus, tuberculosis, and pneumonia [91,92]. Invasive fungal infections, 
such as Aspergillus and Candida, are less common in heart-transplant 
recipients; however, they are associated with significant morbidity and 
mortality [93]. A more comprehensive list of infections based on time 
after transplant is available in Table 3.

Infections are common in the first 6 months after transplant 
with decreasing risk as IS is reduced over time and upon a better 
understanding of an individual patient’s risk of rejection [91]. 
Specifically, there are 8.78 infectious episodes/1000 transplant days 
in the first month following heart transplant and 2.33 in months 2-6, 
but only 0.34 episodes after 6 months [94]. Both active and latent 
infections can be transmitted from the donor or derived/acquired 
from the recipient. Generally, the mode of infection follows a common 
pattern. In the first month, infections tend to be nosocomial, from 
months 1-6, opportunistic infections or previously latent infections 
tend to dominate, and infections after 6 months tend to be acquired 
in the community [91].

Several risk factors for post-transplant infections have been 
reported, and vary slightly across studies. In heart-transplant 
recipients, age is a strong predictor of infection, with both younger 
and older individuals having an increased risk of infection [95]. 
Other risk factors change depending on the time after transplant and 
the type of infection. Older studies have shown that, specifically for 
heart-transplant patients, risk factors for all infection in the first 6 
months include ventilator support or ventricular assist devices at time 
of transplant, black donor race, female sex, and antibody induction 
therapy [96]. In comparison, more recent multivariate analyses have 
shown that, in solid-organ transplantation, risk factors for infection 
after 6 months include chronic graft dysfunction, re-operation, acute 
rejection in the early post-transplant period, relapsing viral infections 
other than cytomegalovirus, and previous bacterial infections [94].

While much progress has been made in reducing the risks and 
consequences of infection, it remains a significant cause of morbidity, 
mortality, and hospital readmissions in post-heart transplant patients 
[91]. Infection is one of the leading causes of death in the first year after 
transplant, being the primary cause of death in 25-32% of patients 

Table 3:  Prevalent infections based on post-transplant time [129,130].

Infection Type Early Infections (<1 month) Intermediate Infections (1-6 months) Late Infections (>6 months)
Viral

Herpes simplex virus

Human herpesvirus type 6 Herpes simplex virus
Cytomegalovirus         Cytomegalovirus
Hepatitis C Virus        Hepatitis C virus
Hepatitis B virus        Hepatitis B virus
Varicella Zoster Virus Varicella Zoster virus
Human herpes virus type 8
Epstein-Barr virus
Adenovirus
Influenza virus

Bacterial Nocardia Nocardia Nocardia
Clostridium difficile Clostridium difficile  Listeria monocytogenes
Psuedomonas Listeria monocytogenes         Mycobacterium tuberculosis
Vancomycin-resistant enterococci Mycobacterium tuberculosis 
Methicillin-resistant Staphlococcus aureus   

Fungal Candida Candida Aspergillus
Aspergillus Aspergillus Pneumocystis carinii
 Pneumocystis carinii Cryptococcus
 Cryptococcus  

Parasitic Toxoplasma gondii Toxoplasma gondii
Trypanosoma cruzi

Other Pneumonia Community acquired infections
Wound/Line infection
Urinary tract infection
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transplantation is cancer. IS drug regimens predispose individuals 
to malignancy through several mechanisms, including impaired 
immune responses against malignant cells and oncogenic viruses 
[110]. The incidence of malignancy increases with time following 
transplant, with 2.6%, 14.1%, and 27.9% of individuals developing any 
malignancy after 1, 5, and 10 years respectively [25]. This incidence 
is approximately 3 to 4-fold greater than age-matched controls in the 
general population [111].

Skin malignancies and lymphomas are the most commonly 
reported cancers, with skin malignancies affecting 19.8% of patients, 
and lymphomas 1.8% of patients 10 years following heart transplant 
[25]. The most prevalent skin malignancies following transplant 
include basal cell and squamous cell carcinomas [112]. In comparison, 
lymphomas are generally due to post-transplant lymphoproliferative 
disorder [113]. Early post-transplant lymphoproliferative disorder 
(within 1 year of transplant), is most commonly caused by 
infection with Epstein-Barr virus and typically affects B-cells. Late 
post-transplant lymphoproliferative disorder (> 1 year following 
transplant) is more likely to be Epstein-Barr virus negative and non-B 
cell [114]. Other reported cancers following heart transplant include 
Kaposi’s sarcoma, adenocarcinoma, melanoma, as well as solid 
tumors affecting the prostate, lung, bladder, breast, cervix, colon, and 
kidney [25,115].

Risk factors for malignancy following heart transplant can be 
divided into general and cancer-specific categories. Generally, cancer 
risk following transplant is dependent on the duration and intensity 
of IS, as well as age [25,115].

Cancer-specific risk factors for skin malignancy following heart 
transplant include age over 40 at time of transplant, light skin type, 
and high sunlight exposure [116,117]. In comparison, risk factors for 
post-transplant lymphoproliferative disorder include Epstein-Barr 

In the early pre-operative period, the recipient should also be started 
on prophylactic anti-microbials, particularly against Staphylococcus 
aureus [107]. This is often administered as cefalosporins, or if patients 
have an allergy, as vancomycin [108]. Following transplant, ISHLT 
guidelines recommend differing antiviral strategies depending on 
the cytomegalovirus status of the donor and the recipient, which 
are summarized in Table 5. Furthermore, all patients should receive 
prophylactic anti-protozoals against Pneumocystis jiroveci pneumonia 
for 1-3 months, and prophylactic antifungals, such as nystatin, following 
extubation in order to prevent mucocutaneous candidiasis [107].

Following discharge, patients should also be routinely 
monitored for infections, particularly for viral loads of 
cytomegalovirus, and appropriate therapies should be started 
when infection is suspected [107]. Health care providers should 
also have a low tolerance for suspecting infection, as IS drugs may 
mask symptoms of infection such as fever [102]. When infection 
is suspected, it is recommended that therapy include broad-
spectrum antibiotics, and in some cases, antiviral and antifungal 
agents, depending on clinical suspicion [99].

During an acute infectious episode, clinicians should consider 
decreasing the doses of IS as deemed necessary by the severity of the 
infection [99]. In the case of patients at a high risk of cytomegalovirus, 
everolimus is an option for IS therapy. This is due to its ability to 
reduce the odds of cytomegalovirus infection and cytomegalovirus 
disease compared to both standard IS and prophylactic drugs [109]. 
Finally, every attempt should be made to gradually taper doses of IS 
drugs following transplant, to reduce risk of infection and other long-
term complications of IS [107].

Malignancies
Another life-threatening consequence of long-term IS following 

Table 4: Recommendations for potential donor and recipient infection screening prior to transplantation [91,131].

General Screening
Epidemiologic history: Known and possible infections, including past colonization
Travel history
Blood and urine microbiology
Chest radiography
Appropriate vaccinations for recipient: Varicella, measles, mumps, rubella, S. pneumoniae, influenza, hepatitis B virus, hepatitis A virus, diphtheria and tetanus
Bronchoscopy to look for colonization
Bacterial Infection Screening
Rapid plasma regain for syphilis
Blood cultures
Tuberculin skin test for recipient
Viral Infection Screening
HIV antibodyfor recipient, HIV-antigen and viral load with PCR for donor
Cytomegalovirus IgG antibody
Hepatitis B virus (HBsAg, HBcAc) for recipient, DNA with PCR for donort
Hepatitis C virus antibodyfor recipient, Hepatitis C virus RNA with PCR for donor
Varicella zoster virus antibody
Parasitic Infection Screening
Toxoplasma IgG antibody, especially in areas of high endemicity

HIV: Human Immunodeficiency Virus; PCR: Polymerase Chain Reaction; RNA: Ribo Nucleic Acid; DNA: Deoxyribonucleic acid; IgG: Immunoglobulin G; HBsAg: 
hepatitis B virus antigen; HBcAc: hepatitis B total core antibody

Table 5: ISHLT recommendations for anti-viral prophylaxis and pre-emptive therapies [107].

Donor/Recipient cytomegalovirus 
status Donor status positive Donor status negative
Recipient status positive

 

 

 

 

Oral vanganciclovir for 3 months

or

IV ganciclovir for 1-3 months

or

Monitor viral load with nucleic acid testing or 
cytomegalovirusantigenemia assay, and if required, initiate 
preemptive therapy with IV ganciclovir or oral valganciclovir

Oral valganciclovir for 3 months

or

IV ganciclovir for 1-3 months

or

Monitor viral load with nucleic acid testing or 
cytomegalovirusantigenemia assay, and if required, initiate 
preemptive therapy with IV ganciclovir or oral valganciclovir

Recipient status negative

 

 

Oral vanganciclovir for 3 months

or

IV ganciclovir for 1-3 months

Prophylaxis with acyclovir 
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virus infection, high intensity of IS, and antibody induction therapy 
using OKT3 [118,119]. Multivariate analyses have also demonstrated 
that strong risk factors for the development of non-skin malignancies 
following heart transplant include antibody induction agents (HR 
2.38, 95% CI 1.40-4.07), donor history of cancer (HR 1.95, 95% 
CI 1.09-3.48), female sex (HR 1.87, 95% CI 1.26-2.78), as well as 
pacemaker prior to discharge (HR 1.81, 95% CI 1.17-2.80). Other 
reported risk factors in this analysis include recipient age, ischemic 
time, and implantable cardioverter defibrillator prior to discharge 
[25]. However, it should be noted that some of these identified risk 
factors from Lund et al. [25] may only represent associations without 
a causative relationship.

Malignancy is one of the most common causes of death 3-5 
years following transplant. In fact, up to 24% of deaths after 5 years 
following transplant are directly caused by malignancy. This is 
especially true of individuals who develop lymphomas as compared 
to skin malignancies [25].

Patients who develop malignancy may require a reduction in 
their IS doses, which can lead to acute rejection [113]. Such reduction 
is often performed in the case of post-transplant lymphoproliferative 
disorder, as minimizing IS has been shown to improve overall survival. 
However, this survival benefit is at the expense of a 10% increased 
risk of sudden cardiac death due to acute rejection, highlighting the 
challenge in balancing IS versus cancer risk [120]. Current guidelines 
suggest that IS should not be reduced in patients with solid tumors that 
are unrelated due to the lymphoid system, due to a lack of sufficient 
evidence to support the benefit [107]. Either way, reductions in IS 
doses should be closely monitored and individualized in an attempt 
to balance malignancy versus allograft rejection [121].

Specific IS drugs may prevent the recurrence of malignancy. 
Proliferation signal inhibitors, such as sirolimus, have been shown 
to have anti-neoplastic properties in addition to their IS actions 
[122]. This contrasts with the commonly used CNIs, which have been 
shown to promote malignancy independently of their IS functions 
[123]. In patients with malignancy, proliferation signal inhibitors 
may be useful in preventing cancer recurrence [122], however, there 
is no clear evidence that they reduce overall cancer risk [112].

Finally, to prevent malignancy, all heart transplant recipients 
should receive age appropriate screening for breast, colon, and 
prostate cancer, as well as increased skin cancer screening with 
yearly dermatologic exams [107]. Furthermore, high-risk patients 
should be evaluated closely for the development of post-transplant 
lymphoproliferative disorder through regular screening of Epstein-
Barr virus load [124]. For those at particularly high risk of malignancy, 
reduction in chronic IS should be done if possible [25]. If cancer does 
occur, IS doses should be altered as appropriate, and patients should 
receive treatments specific to their cancer, such as chemotherapy 
or anti-B cell monoclonal antibodies in the case of post-transplant 
lymphoproliferative disorder [113]. With regular screening and 
balanced, individualized interventions, it may be possible to reduce 
this common complication.

Conclusions
Heart transplant is a life improving and life-saving therapy that 

is associated with a risk of significant complications. Physicians, 
patients and families should be prepared to deal with these risks by 
acting collaboratively to prevent, identify and treat complications as 
they arise, with the ultimate goal to improve survival and quality of 
life after heart transplant.
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