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Abstract
Cardiac transplantation is a life-saving procedure for patients in end-stage heart failure. Since the first heart transplant in 1967, 
survival rates have steadily increased. This is largely on account of advancing immunosuppressive therapies, although immuno-
suppression protocol still varies greatly among transplant centers, with no ideal regimen to follow. A fine balance lies between 
under-immunosuppression leading to rejection, and over-immunosuppression causing complications, toxicity, and adverse effects. 
Some successful therapies include steroids, lymphocyte proliferation inhibitors, and calcineurin inhibitors. Much of the available 
evidence as to which regimens have been successful is from retrospective analyses, indicating the need for more studies to be 
conducted to determine the best practices and to improve mortality after cardiac transplant. This review is a critical analysis 
comparing different current immunosuppressive therapies and rejection treatments following heart transplantation.

Immunosuppression after Cardiac Transplantation:  
What is the Best Approach?
Sara Batya Friedman
Sara Batya Friedman graduated with a BS in biology in September, 2023, and plans to attend a physician assistant 
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Immunosuppression in Cardiac Transplantation
The immune system is the human body’s highly efficient 
method of rejecting and eliminating foreign bodies, using 
its variety of specialized cells. Every individual expresses 
a unique self-antigen on their body cells, called human 
leukocyte antigen (HLA), which is coded by major-his-
tocompatibility complex (MHC). Non-reactivity of the 
cells of the immune system to these autoantigens, and 
conversely, reaction to any non-self antigen, contributes 
to a functioning immune system. In the case of cardiac 
transplantation, the donor HLA itself can act as a non-
self antigen initiating immune response and, consequently, 
rejection (Anbalakan et al., 2020).

Since the first heart transplant in 1967, survival rates 
have steadily increased (Stehlik, et al., 2012). The medi-
an survival for adult heart transplant recipients has risen 
from under 2 years to 11 years between 1982 and 2016 
(Khush et al., 2018). Cardiac allograft rejection, inflamma-
tion in response to recognition of non-self antigen with 
pathologic changes in the allograft, is the leading cause 
of death in heart transplant recipients within the first 
year of transplantation (Naik & Shawar, 2023). Transplant 
success is largely due to the development of effective im-
munosuppression strategies to reduce this inflammation 
(Kobashigawa & Patel, 2006).

While mortality following heart transplantation has 
improved worldwide since 1982, this is largely due to 
increased survival within the first year of transplant, a 
result of advancements in pre-transplant factors, such as 
donor-recipient matching, and preliminary anti-rejection 
measures. Mortality beyond the first year has remained 
generally constant, indicating a need for better long-term 
treatment for cardiac transplant recipients. Finding the 
balance between under- and over-immunosuppression, 
preventing rejection while avoiding the medical compli-
cations that immunosuppression can induce, is a key fac-
tor in long-term survival for these patients (Soderlund & 
Radegran, 2015).

Protocol for immunosuppressive regimens varies 
highly between transplant centers (Anbalakan et al., 
2020). Some current immunosuppression strategies for 

cardiac transplant recipients include calcineurin inhibi-
tors, which reduce the frequency of acute allograft re-
jection. Proliferation-signal inhibitors have a similar effect, 
in addition to reducing the frequency of cardiac allograft 
vasculopathy (CAV), which limits lasting graft survival. The 
use of statins, with their immunomodulating effects, is an-
other immunosuppression strategy (Kobashigawa & Patel, 
2006). Induction therapy using cytolytic agents and inter-
leukin-2-receptor antagonists is a more recent strategy 
upon which studies have remained inconclusive as to its 
benefits (Amin et al., 2019).  

Methods
Research for this review was conducted using databases 
available through Touro College and University System, 
such as Science Direct, EBSCO, and ProQuest. Keywords 
used to collect data included “heart transplant immuno-
suppression,” “induction therapy in heart transplantation,” 
and “quality of life after cardiac transplant.”

Immunological Mechanisms Leading to  
Graft Rejection
Acute allograft rejection is initiated by the recognition of 
donor antigen by the recipient’s antigen presenting cells 
(APCs). This process is known as indirect allorecognition 
and is carried out by the innate immune system. The 
antigen is then coupled with human leukocyte antigens 
(HLA), activating B lymphocytes and cytotoxic T-cells to 
attack the cells on which it is expressed (Anbalakan et 
al., 2020).

Simultaneously, recipient T-cells can recognize donor 
APCs in a process known as direct allorecognition that 
is carried out by the adaptive immune system. The TCR-
CD3 complex on the recipient’s T-cells recognizes alloan-
tigens being carried by recipient APCs, activating the T-cell 
through costimulatory signals. This activates calcineurin, 
which enters the nucleus of the T-cell and binds to a vari-
ety of cytokine promoters, including interleukin-2, which 
stimulate clonal expansion of T helper cells and the ex-
pansion of other cells of the immune system (Lindenfeld 
et al., 2004).
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Rejection Risk Factors 
Transplant recipients at higher risk of acute cardiac al-
lograft rejection include: young patients, Black people, 
those with increased mismatching of HLA between 
donor and recipient, those noncompliant with immuno-
suppression therapy, and female donors and/or recipients. 
Females have a higher rejection risk due to pre-existing 
anti-HLA antibodies to protect a fetus in the case of 
pregnancy (Anbalakan et al., 2020).

Types of Rejection
Under-immunosuppression following heart transplant 
can result in graft rejection. Transplant rejection can be 
categorized as hyperacute, acute, or chronic. 

Hyperacute Rejection
Hyperacute rejection is the immediate rejection of a 
donor heart due to preexisting anti-graft antibodies in 
the recipient. If the recipient was somehow exposed to 
donor HLA during their lifetime, then they have pre-
formed antibodies against it, otherwise known as sensi-
tization. This plays a major role in hyperacute rejection.
Thoroughly analyzing donor-recipient compatibility be-
fore transplant is vital in predicting the risk of rejection. 
The International Society for Heart and Lung Transplant 
(ISHLT) recommends conducting a screening panel for re-
active antibodies in heart transplant candidates. Reaction 
of greater than 10% is indicative of risk of rejection. In 
most patients, a complement-dependent cytotoxicity 
(CDC) crossmatch is also performed, using sample donor 
lymphocytes mixed with recipient serum in the presence 
of complement. If this crossmatch detects preformed 
cytotoxic antibodies, then there is contraindication for 
transplant (Anbalakan et al., 2020).

Acute Rejection
Acute rejection generally occurs within a few months 
of transplantation and is generally diagnosed through 
endomyocardial biopsy. Between 2004 and 2010, 19% of 
all cardiac transplant recipients reported to ISHLT stated 
at least 1 episode of acute rejection requiring treatment. 
Acute rejection can be categorized into acute cellular 
rejection (ACR) and antibody mediated rejection (AMR) 
(Soderlund & Radegran, 2015).

In ACR, recipient T-cells attack the myocardium of 
the donor heart (Soderlund & Radegran, 2015). This can 
occur through the direct pathway, in which donor APCs 
travel from the graft to the lymph node, or through the 
indirect pathway, in which recipient APCs process and 
present donor HLA to naïve T-cells. Once activated, 
T-cells produce cytokines such as IL-2, resulting in T-cell 

proliferation and consequently graft cytolysis. 
In AMR, recipient antibodies attack the vasculature of 

the donor heart (Soderlund & Radegran, 2015). These can 
be newly developed antibodies or preexisting ones, which 
bind to HLA receptors on the endothelial lining of the 
donor heart vessels, activating the complement cascade 
and thereby damaging the vessels. 

A 2009 U.S. study showed that up to 24% of heart 
transplant rejection cases between 1985-2004 involved 
both ACR and AMR occurring simultaneously. (Kfoury et 
al., 2009)

Chronic Rejection
Chronic rejection is known as cardiac allograft vascu-
lopathy (CAV), and generally occurs several years after 
transplantation (Soderlund & Radegran, 2015). CAV is the 
pathologic immune-mediated remodeling of vasculature 
in a transplanted heart which causes graft loss by im-
pairing perfusion. It is an inflammatory fibroproliferative 
disease that can lead to epicardial and coronary artery 
narrowing. CAV is a major late complication and remains 
the leading long-term cause of death in cardiac transplant 
patients (Asleh et al., 2018; Pober et al., 2021). 

Approximately 30% of heart transplant recipients de-
velop CAV within 5 years of transplantation, and almost 
50% develop it within 10 years. However, incidence of 
CAV is changing with new diagnostic techniques and 
therapies to detect and prevent early CAV and its pro-
gression before it becomes fatal. This trend is supported 
by recent ISHLT registry data showing improved survival 
in CAV patients (Khush et al., 2019). 

Rejection Prevention
Immunosuppressive treatments after heart transplant can 
be categorized into induction therapies and maintenance 
therapies. Induction therapies are temporary post-oper-
ative treatments, while maintenance therapies are long-
term (Soderlund & Radegran, 2015).

Induction Therapies
The risk of rejection is highest in the period immediate-
ly post-transplant. Ischemic injury, which occurs before 
blood flow is restored to the new heart, activates the in-
nate immune system, which in turn activates the adaptive 
immune system, causing the body to progressively attack 
the donor heart tissue. Induction therapies suppress the 
immune system to prevent such reactions, making it pos-
sible to delay initiation of other potentially nephrotoxic 
immunosuppressives. (Anbalakan et al., 2020)

The use of induction therapy is inconsistent between 
transplant centers, and its effect on long-term outcomes 
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is not well established. A study of 24,700 heart transplant 
recipients between 2005 and 2017, 50% of which received 
induction therapy at the time of transplantation, showed 
no significant difference in 1 year survival between the 
two groups (Cooper et al., 2020).

Induction immunosuppressive strategies used after car-
diac transplant include anti-thymocyte globulins, interleu-
kin-2 receptor antagonists, and Alemtuzumab, all of which 
are generally coupled with methylprednisolone.

Interleukin-2 (IL-2) receptor antagonists are monoclo-
nal antibodies which bind to IL-2 receptors—also called 
CD25 antigen—on T lymphocytes, preventing their acti-
vation and proliferation. The most commonly used IL-2 
receptor antagonist is Basiliximab. 20 milligrams are given 
in the operating room before blood flow is restored to 
the heart, and an additional 20 milligrams are given on the 
fourth day post-operation.

Poly anti-thymocyte antibodies are obtained by immu-
nizing either a rabbit or horse with human thymocytes 
and harvesting the anti-thymocyte immunoglobulin G 
that it produces. These antibodies deplete the number 
of available T-cells through activation of the complement 
system. The use of polyclonal antibodies presents a dis-
advantage to monoclonal antibodies, like Basiliximab, in 
their unpredictability. Additionally, their administration 
is relatively difficult, requiring several pre-medications. 
Some risks of anti-thymocyte antibodies include serum 
sickness and cytopenia. White blood cells and platelets 
must be closely monitored following their administration. 

Alemtuzumab is a newer immunosuppressive agent, ob-
tained from humanized rat monoclonal antibodies which 
target CD52 antigen, which is present on both T and B 
lymphocytes. Administration involves a single 30 milligram 
dose given during surgery. The use of Alemtuzumab pro-
longs immunosuppression with lower doses of mainte-
nance agents. (Anbalakan et al., 2020) A 2018 U.S. study 
observed no difference in hematological or infectious 
complications with the use of Alemtuzumab compared 
with other standard induction therapy protocols (Gale 
et al., 2019).

In a retrospective cohort analysis comparing rabbit-an-
ti-thymocyte globulin (r-ATG) versus IL-2 receptor antag-
onist in post-heart transplant patients from 2006-2015 
who received the same maintenance immunosuppres-
sives, neither therapy showed survival benefit over no in-
duction therapy. In fact, there was higher mortality in the 
group that received r-ATG. The ambiguity regarding the 
advantages and effects of induction therapies illustrates 
the need for more studies to be conducted on this topic 
(Amin et al., 2019).

Maintenance Therapies
Maintenance therapies are chronic immunosuppressive 
therapies that reduce the risk of rejection throughout a 
recipient’s life. The multi-drug approach—while avoiding 
overlapping functions and toxicities—as well as avoid-
ing over-immunosuppression are two central principles 
regarding maintenance therapy. Some common mainte-
nance strategies are calcineurin inhibitors or proliferation 
signal inhibitors, along with cell cycle inhibitors and ste-
roids (Anbalakan et al., 2020)

Corticosteroids
Steroids are immunosuppressive and non-specific an-
ti-inflammatory effectors that alter gene expression for 
immune and inflammatory response in the body. They 
have multiple mechanisms that affect both the innate 
and adaptive immune systems (Radegran & Soderlund, 
2015). Steroids affect the functions of leukocytes through 
altering the expression of several vital leukocyte genes. 
They also affect endothelial cells by decreasing their che-
moattractant factors, inhibiting neutrophil adhesion and 
macrophage differentiation. 

Corticosteroids, or glucocorticoids, were one of the 
first, albeit still used immunosuppression strategies in in-
duction, maintenance, and rejection treatments. Steroid 
therapy is a standard operative and post-operative treat-
ment, starting with high doses followed by gradual wean-
ing. Corticosteroids are the first treatment for moderate 
rejection not affecting blood flow, to which up to 85% of 
such cases respond (Lindenfeld et al., 2004).

Some adverse effects associated with long-term ste-
roid therapy include hypertension, cataracts, and ulcers. 
Associated cosmetic effects include acne, weight gain, 
and easy bruising. Associated metabolic effects include 
hyperlipidemia, diabetes mellitus, and growth retardation 
(Lindenfeld et al., 2004). Because of their complications 
with long term use, steroid therapy is generally stopped 
within the first year of transplantation (Miller et al., 1992).

Cyclosporin
Cyclosporin (CSA) is a fundamental therapy of cardiac 
allograft maintenance. This lipid-soluble compound blocks 
calcium-activated calcineurin, a protein phosphatase re-
sponsible for the transcription of multiple cytokines 
(Rusnak & Mertz, 2000; Lindenfeld et al., 2004) CSA 
binds to cyclophilin, a protein involved in key biochem-
ical processes, forming a complex which binds to calci-
neurin, causing inhibition of cytokine transcription and 
thereby IL-2 mediated T-cell activation and proliferation. 
(Harikishore & Yoon, 2015).
CSA is used in anti-rejection regimens in cardiac, hepatic, 
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and renal transplant recipients. The introduction of CSA 
to immunosuppressive therapies in 1982 caused a 30% 
rise in 3-year survival rate in cardiac transplantation 
(Hosenpud et al., 1995).
Adverse effects of CSA include nephrotoxicity with ar-
teriolar sclerosis and tubule-interstitial fibrosis, as well 
as hypertension, hyperlipidemia, and diabetes mellitus. 
Neurological side effects include tremors, seizures, and vi-
sual disturbance. Hypertrichosis is an observed side effect 
in over 50% of patients using CSA (Lindenfeld et al., 2004).

Tacrolimus
Tacrolimus (TAC) is an antibiotic derived from the fungus 
Streptomyces tsukubaensis, which inhibits calcineurin in 
a similar manner to CSA. TAC is used in place of CSA 
in many maintenance regimens, conversion from CSA to 
TAC can be used to treat recurrent rejection. TAC has 
now largely replaced CSA (Radegran & Soderlund, 2015; 
Lindenfeld et al., 2004).

A randomized trial of 85 patients in the United States 
found no difference in the 1-year survival or cases of sig-
nificant rejection in cardiac transplantation when treated 
with TAC versus CSA, although hyperlipidemia and hyper-
tension were more common in the CSA patients (Taylor 
et al., 1999).

Side effects of TAC are similar to those of CSA, but a 
comparison of the two shows a decrease in hypertension 
and hyperlipidemia and an increase in hyperglycemia and 
neurotoxicity. In contrast to CSA, alopecia may be a side 
effect of TAC (Lindenfeld et al., 2004).

Azathioprine
Azathioprine (AZA) is a prodrug, meaning it is biological-
ly inactive until it is metabolized within the human body. 
Through its specific metabolic pathway, AZA is even-
tually converted to a purine analog, an antimetabolite 
which mimics physiological compounds found in DNA. 
It is thereby incorporated into newly synthesized DNA 
(Davies et al., 2006). From there, it inhibits the prolifera-
tion of both T and B lymphocytes (Lindenfeld et al., 2004).
AZA is generally used in maintenance immunosuppres-
sion along with steroid therapy and a calcineurin inhibitor. 
Before it was used in combination with cyclosporin, it 
was widely used with prednisone alone, with a 5-year 
survival rate of under 40% (Lu et al., 1993). Triple therapy 
is now more commonly used, with favorable outcomes, 
including a decrease in renal failure and infections.

A major side effect of AZA is myelosuppression, lead-
ing to leukopenia, anemia, and thrombocytopenia. These 
generally resolve within 2 weeks of dose reduction. Some 
rare side effects of AZA include pancreatitis, hepatitis, and 

hepatic veno-occlusive disease (Lindenfeld et al., 2004).

Mycophenolate Mofetil
Like AZA, mycophenolate mofetil (MMF) is an antimetab-
olite. It inhibits lymphocyte proliferation, and is used in 
rejection prevention in kidney, liver, and heart transplant 
recipients. Proliferating lymphocytes depend on guanine 
nucleotide synthesis, a process in which inosine mono-
phosphate dehydrogenase is a key enzyme. MMF func-
tions as a selective inhibitor of this enzyme, thus inhibiting 
lymphocyte proliferation without inhibiting the growth of 
other cell lines, rendering it less myelosuppressive than 
AZA (Lindenfeld et al., 2004).

A trial comparing MMF versus AZA confirmed im-
proved survival late after transplant in patients treated 
with MMF. In this trial, either MMF or AZA was given 
in combination with cyclosporin and steroids to treat 
patients who had survived initial cardiac transplant hos-
pitalization. The MMF patients displayed decreased mor-
tality after 1 year, with 6.2% in MMF patients and 11.4% 
in AZA patients. Additionally, the 3 year survival rate for 
MMF patients was 91% versus 86% for the AZA patients 
(Kobashigawa et al., 1998).

A drawback of MMF in comparison with AZA is its 
price. Its side effects include nausea, diarrhea, and vomit-
ing, which have been found to resolve with a decrease in 
dose (Lindenfeld et al., 2004). 

Target of Rapamycin Inhibitors
Sirolimus (SRL), also called Rapamycin, and its deriva-
tive Everolimus (EVR), are proliferation signal inhibitors 
(Anbalakan et al., 2020). SRL is a natural product of the 
bacteria Streptomyces hygroscopicus. Its structure is sim-
ilar to that of TAC, and it binds to the same protein as 
TAC. However, while TAC blocks calcineurin-dependent 
T-cell activation, SRL inhibits the kinase mammalian target 
of rapamycin (mTOR) (Gaczynska & Osmulski, 2018).

Signals for growth factor are carried by mTOR for pro-
liferation of T and B lymphocytes, as well as for smooth 
muscle and endothelial cells. The latter effect makes SRL 
effective in preventing graft atherosclerosis (Lindenfeld et 
al., 2004).

Cardiac allograft vasculopathy (CAV), as described 
above, is a major late complication and leading cause of 
death in cardiac transplant patients. Studies have reported 
that SRL is superior to calcineurin inhibitors in reducing 
CAV after heart transplant, especially with early conver-
sion to SRL (Asleh et al., 2018). A large U.S. multicenter 
trial showed that a dose of at least 3 milligrams per day 
of EVR was associated with increased mortality com-
pared to the use of MMF, and less episodes of reported 
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discontinuation due to adverse effects (Eisen et al., 2013).
Patients are not initially treated with SRL until at least 

3 months post-operation, as it may delay wound healing 
after major surgery. For this reason, calcineurin inhibitors 
are preferred in most transplant centers. Additionally, SRL 
cannot be used together with a calcineurin inhibitor for 
increased risk of nephrotoxicity. 

A study of 402 cardiac transplant patients showed a de-
crease in plaque volume and plaque index with the use of 
SRL instead of a calcineurin inhibitor, and long-term follow 
up showed lower mortality and less frequencies of CAV. 
However, increased plasma cholesterol and triglyceride 
levels were reported in association with SRL use (Asleh 
et al., 2018). Pneumonitis and lymphedema are possible 
complications caused by mTOR inhibitors, both of which 
are commonly mistaken for fluid overload and are inap-
propriately treated as such (Anbalakan et al., 2020).

Over-immunosuppression 
Infection, malignancy, and chronic kidney disease con-
tribute to mortality after cardiac transplant and can all 
be linked to immunosuppressive drug use. Infection is a 
significant cause of early death following heart transplant, 
causing 32% of deaths in cardiac transplant recipients 
30 days-1 year post-transplant, according to data from 
1994-2012. 

Different infections are common at different stages 
following cardiac transplant. Post-operative infections 
occur shortly after transplantation, while opportunistic 
infections generally develop 1-6 months afterward, largely 
due to immunosuppressant use. After 6 months, commu-
nity-acquired respiratory and urinary tract infections are 
most common. 

Chronic kidney disease is generally a cause of late 
death in heart transplant recipients, to which calcineurin 
inhibitors, CSA, and TAC all contribute with their neph-
rotoxic effects. In a 2013 report from ISHLT, 8% of all 
mortalities 10-15 years post-heart transplant were due 
to renal failure, with 4% eventually requiring kidney trans-
plant (Soderlund & Radegran, 2015).

Rejection Surveillance
Early detection of rejection in cardiac allograft is vital to 
its successful treatment. Early symptoms of rejection in-
clude fatigue, nausea, and shortness of breath, all of which 
can easily be overlooked in an early cardiac transplant 
recipient. For this reason, transplant centers have strict 
biopsy protocol during the first year after transplantation 
(Anbalakan et al., 2020). 

The use of less invasive, modern molecular technol-
ogies to detect rejection has expanded over the last 

decade, including gene expression profiling and donor-de-
rived cell-free DNA (dd-cfDNA) testing. Dd-cfDNA are 
fragments of DNA released from cells which can detect 
allograft injury in real time. However, not all injurious 
processes lead to elevated dd-cfDNA values (Huang et 
al., 2023). A U.S. study of 72 adult heart transplant re-
cipients who underwent non-invasive biomarker-based 
surveillance suggested that variability in dd-cfDNA values 
may also help identify patients at increased mortality risk 
(Kamath et al., 2022). Multiple trials have shown that these 
and other similar new, non-invasive biomarker-based sur-
veillance strategies are non-inferior to the traditional en-
domyocardial biopsy, and may have predictive uses as well 
(Anbalakan et al., 2020).

Acute Rejection Treatment
Being that ACR is T-cell mediated, its treatment involves 
T-cell depletion and the interruption of their function. In 
cases of ACR, steroids are administered intravenously in 
high doses to inhibit cytokine production. Responsive 
patients are weaned off the steroids, while those who 
do not respond are additionally given polyclonal anti-thy-
mocyte antibodies for 5-14 days (Costanzo et al., 2010). 

In contrast to ACR, AMR is B-cell mediated, and its 
treatment is more complex than ACR. Steroids are 
similarly administered to decrease cytokine response 
(Gelfand, 2001). Additionally, measures are taken to in-
hibit antibody function and to clear circulating antibodies. 
There are several strategies to accomplish this, includ-
ing intravenous immunoglobulin administration; plasma-
pheresis, or plasma exchange; rituximab, a monoclonal 
antibody against CD20 antigen on B-cells; bortezomib, a 
proteasome inhibitor which consequently inhibits plasma 
cells; and polyclonal anti-thymocyte antibodies (Singh et 
al., 2009; Colvin et al., 2015). 

Health-related Quality of Life 
Health-related quality of life (HRQoL) is the impact of 
disease or chronic conditions on a patient’s quality of 
life. Key aspects of HRQoL include physical status and 
function, as well as psychological status and well-being 
(Trackmann & Dettmer, 2020). 

A study conducted in Spain comparing two patient 
samples, one 6 months post-heart transplant and the 
other 120 months post-transplant, showed that HRQoL 
improved significantly over time. (Delgaldo et al., 2015). 
A British study showed worse HRQoL than the gener-
al population at 1, 3, and 5 years post-heart transplant 
in all aspects except for mental health (Saeed et al., 
2008). Additionally, HRQoL was generally lower in pa-
tients 20+ years post-transplant than those 1-11 years 
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post-transplant (Galeone et al., 2014). 
Another study showed a significant increase in physical 

and psychosocial HRQoL from pre-heart transplant to 
60 months post-transplant (Kugler et al., 2010). Similarly, 
HRQoL at 3, 6, and 12 months and physical function 
at 12 months post-transplant were significantly better 
compared to patients with a left ventricular assist de-
vice (LVAD) (Jakovljevic et al., 2014). While patients 6 
months post-transplant reported better scores in bodi-
ly pain than the general population, those at 4.5 years 
post-transplant were significantly worse (Holtzman et al., 
2010). Patients with severe pain, gastrointestinal symp-
toms, and sexual dysfunction reported lower HRQoL in 
all domains (Jokinen et al., 2010). Older patients generally 
reported greater satisfaction in HRQoL than younger 
ones, and depressed patients scored significantly lower 
in all domains (Shamaskin et al., 2012; Kugler et al., 2014).     
Satisfaction with emotional, tangible, and social support 
was associated with increased HRQoL, and social and 
economic satisfaction were significant predictors of sur-
vival at 5-10 years post-transplant (White-Williams et al., 
2013; Farmer et al., 2013).

Conclusion
Preventing rejection after cardiac transplantation is crit-
ical to transplant success and to the health of the re-
cipient. Numerous strategies to prevent rejection have 
been explored, including the various maintenance immu-
nosuppressive drugs discussed above, as well as induction 
therapies and combination therapy. As recent research 
has not shown great success in induction therapy, mainte-
nance immunosuppression therapies remain the standard 
of care. More research is needed to establish success-
ful induction therapy regimens, which would reduce the 
need for long-term immunosuppression with its toxic 
side effects and common complications. 

Further research would also work toward reducing 
cases of cardiac allograft rejection, including the investiga-
tion of new immunosuppressive drugs with less toxic side 
effects, research into new therapeutic targets, and develop-
ing more non-invasive methods for monitoring rejection, 
like the biomarker-based surveillance discussed above. 

It is important to note that the optimal method for 
preventing allograft rejection may vary depending on the 
patient’s individual characteristics, risk factors, and med-
ical history. Thus, a personalized approach to preventing 
rejection may be the most effective strategy. While pre-
venting rejection after heart transplantation is a complex 
and ongoing challenge, continued research and a person-
alized approach can improve the long-term success of 
this life-saving treatment option.

References
Amin, A. A., Araj, F. G., Ariyamuthu, V. K., Drazner, M. H., 
Ayvaci, M. U. S., Mammen, P. P. A., Mete, M., Urey, M. A., 
& Tanriover, B. (2019). Impact of induction immunosup-
pression on patient survival in heart transplant recipi-
ents treated with Tacrolimus and mycophenolic acid in 
the current allocation era. Clinical Transplantation, 33(8). 
https://doi.org/10.1111/ctr.13651 

Anbalakan, K., Chew, K. M., Loh, J. K., Sim, D., Lai, 
S. H., & Teo Loon Yee, L. (2022). Contemporary 
Review of Heart Transplant Immunology and im-
munosuppressive therapy. Proceedings of Singapore 
Healthcare, 31, 201010582211388. https://doi.
org/10.1177/20101058221138840 

Asleh, R., Briasoulis, A., Kremers, W. K., Adigun, R., 
Boilson, B. A., Pereira, N. L., Edwards, B. S., Clavell, A. 
L., Schirger, J. A., Rodeheffer, R. J., Frantz, R. P., Joyce, L. 
D., Maltais, S., Stulak, J. M., Daly, R. C., Tilford, J., Choi, 
W. G., Lerman, A., & Kushwaha, S. S. (2018). Long-Term 
Sirolimus for Primary Immunosuppression in Heart 
Transplant Recipients. Journal of the American College 
of Cardiology, 71(6), 636–650. https://doi.org/10.1016/j.
jacc.2017.12.005 

Colvin, M. M., Cook, J. L., Chang, P., Francis, G., Hsu, D. T., 
Kiernan, M. S., Kobashigawa, J. A., Lindenfeld, J., Masri, S. 
C., Miller, D., O’Connell, J., Rodriguez, E. R., Rosengard, 
B., Self, S., White-Williams, C., Zeevi, A. (2015). Antibody-
mediated rejection in cardiac transplantation: Emerging 
knowledge in diagnosis and management: A scientific 
statement from the american heart association. 
Circulation (New York, N.Y.), 131(18), 1608-1639. 
https://doi.org/10.1161/CIR.0000000000000093

Cooper, L. B., Cochrane, A., Cherikh, W., Toll, A. E., 
Psotka, M. A., Shah, P., Lund, L. H., Stehlik, J., Mentz, R. 
J., & Zuckermann, A. (2020). Induction therapy after 
heart transplantation. The Journal of Heart and Lung 
Transplantation, 39(4). https://doi.org/10.1016/j.
healun.2020.01.608 

Costanzo, M. R., Dipchand, A., Starling, R., Anderson, 
A., Chan, M., Desai, S., Fedson, S., Fisher, P., Gonzales-
Stawinski, G., Martinelli, L., McGiffin, D., Smith, J., Taylor, 
D., Meiser, B., Webber, S., Baran, D., Carboni, M., Dengler, 
T., Feldman, D., . . . International Society of Heart and 
Lung Transplantation Guidelines. (2010). The internation-
al society of heart and lung transplantation guidelines 
for the care of heart transplant recipients. The Journal of 
Heart and Lung Transplantation, 29(8), 914. https://doi.
org/10.1016/j.healun.2010.05.034

Delgado, J. F., Almenar, L., Gonzalez-Vilchez, F., Arizon, 



104

Sara Batya Friedman 

J. M., Gomez, M., Fuente, L., ... & Manito, N. Crespo-
LeiroMG (2015) Health-relatedqualityoflife, social sup-
port, and caregiver burden between six and 120 months 
after heart transplantation: a Spanish multicenter 
cross-sectional study. Clin Transplant, 29(9), 771-780.

Eisen, H. J., Kobashigawa, J., Starling, R. C., Pauly, D. F., 
Kfoury, A., Ross, H., Wang, S. ‐., Cantin, B., Van Bakel, A., 
Ewald, G., Hirt, S., Lehmkuhl, H., Keogh, A., Rinaldi, M., 
Potena, L., Zuckermann, A., Dong, G., Cornu‐Artis, C., 
& Lopez, P. (2013). Everolimus versus mycophenolate 
mofetil in heart transplantation: A randomized, multi-
center trial. American Journal of Transplantation, 13(5), 
1203-1216. https://doi.org/10.1111/ajt.12181

Farmer, S. A., Grady, K. L., Wang, E., McGee Jr, E. C., Cotts, 
W. G., & McCarthy, P. M. (2013). Demographic, psychoso-
cial, and behavioral factors associated with survival after 
heart transplantation. The Annals of thoracic surgery, 
95(3), 876-883.

Gaczynska, M., & Osmulski, P. A. (2018). Targeting 
protein–protein interactions in the Ubiquitin–protea-
some pathway. Protein-Protein Interactions in Human 
Disease, Part A, 123–165. https://doi.org/10.1016/
bs.apcsb.2017.09.001 

Gale, S. E., Ravichandran, B., Ton, V., Pham, S., & Reed, B. N. 
(2019). Alemtuzumab induction versus conventional im-
munosuppression in heart transplant recipients. Journal 
of Cardiovascular Pharmacology and Therapeutics, 24(5), 
435-441. https://doi.org/10.1177/1074248419841635

Galeone, A., Kirsch, M., Barreda, E., Fernandez, F., Vaissier, 
E., Pavie, A., ... & Varnous, S. (2014). Clinical outcome and 
quality of life of patients surviving 20 years or longer 
after heart transplantation. Transplant International, 
27(6), 576-582.

Gelfand, E. W. (2001). Antibody-directed therapy: Past, 
present, and future. Journal of Allergy and Clinical 
Immunology, 108(4 Suppl), S111. https://doi.org/10.1067/
mai.2001.117824

Harikishore, A., & Sup Yoon, H. (2015). Immunophilins: 
Structures, mechanisms and ligands. Current Molecular 
Pharmacology, 9(1), 37–47. https://doi.org/10.2174/18744
67208666150519113427 

Holtzman, S., Abbey, S. E., Stewart, D. E., & Ross, H. J. 
(2010). Pain after heart transplantation: prevalence and 
implications for quality of life. Psychosomatics, 51(3), 
230-236.

Hosenpud, J. D., & Bennett, L. E. (2001). Mycophenolate 
mofetil versus azathioprine in patients surviving 
the initial cardiac transplant hospitalization: An 

analysis of the joint UNOS/Ishlt Thoracic Registry. 
Transplantation, 72(10), 1662–1665. https://doi.
org/10.1097/00007890-200111270-00015

Hosenpud, J. D., Novick, R. J., Breen, T. J., Keck, B., & Daily, 
P. (1995) The registry of the international society for 
heart and lung transplantation: twelfth official report: 
1995. The Journal of Heart and Lung Transplantation, 14: 
805–815. 

Huang, E., Mengel, M., Clahsen-van Groningen, M. C., & 
Jackson, A. M. (2023). Diagnostic potential of minimally 
invasive biomarkers: A biopsy-centered viewpoint from 
the banff minimally invasive diagnostics working group. 
Transplantation, 107(1), 45. https://doi.org/10.1097/
TP.0000000000004339

Jakovljevic, D. G., McDiarmid, A., Hallsworth, K., 
Seferovic, P. M., Ninkovic, V. M., Parry, G., ... & MacGowan, 
G. A. (2014). Effect of left ventricular assist device 
implantation and heart transplantation on habitual 
physical activity and quality of life. The American journal 
of cardiology, 114(1), 88-93.

Jokinen, J. J., Hämmäinen, P., Lemström, K. B., Lommi, J., 
Sipponen, J., & Harjula, A. L. (2010). Association between 
gastrointestinal symptoms and health-related quality of 
life after heart transplantation. The Journal of heart and 
lung transplantation, 29(12), 1388-1394.

Kamath, M., Shekhtman, G., Grogan, T., Hickey, M. J., 
Silacheva, I., Shah, K. S., Shah, K. S., Hairapetian, A., 
Gonzalez, D., Godoy, G., Reed, E. F., Elashoff, D., Bondar, 
G., & Deng, M. C. (2022). Variability in donor-derived cell-
free DNA scores to predict mortality in heart trans-
plant recipients - A proof-of-concept study. Frontiers in 
Immunology, 13, 825108-825108. https://doi.org/10.3389/
fimmu.2022.825108

Kfoury, A. G., Hammond, M. E. H., Snow, G. L., Drakos, S. 
G., Stehlik, J., Fisher, P. W., Reid, B. B., Everitt, M. D., Bader, 
F. M., & Renlund, D. G. (2009). Cardiovascular mortality 
among heart transplant recipients with asymptomatic 
antibody-mediated or stable mixed cellular and anti-
body-mediated rejection. The Journal of Heart and Lung 
Transplantation, 28(8), 781. https://doi.org/10.1016/j.
healun.2009.04.035

Khush, K. K., Cherikh, W. S., Chambers, D. C., Goldfarb, 
S., Hayes, D., Kucheryavaya, A. Y., Levvey, B. J., Meiser, 
B., Rossano, J. W., & Stehlik, J. (2018). The International 
Thoracic Organ Transplant Registry of the International 
Society for Heart and Lung Transplantation: Thirty-fifth 
adult heart transplantation report—2018; Focus Theme: 



105

Immunosuppression after Cardiac Transplantation: What is the Best Approach?

Multiorgan transplantation. The Journal of Heart and 
Lung Transplantation, 37(10), 1155–1168. https://doi.
org/10.1016/j.healun.2018.07.022 

Khush, K. K., Cherikh, W. S., Chambers, D. C., Harhay, 
M. O., Hayes, D., Hsich, E., ... & Stehlik, J. (2019). The 
International Thoracic Organ Transplant Registry of the 
International Society for Heart and Lung Transplantation: 
thirty-sixth adult heart transplantation report—2019; 
focus theme: donor and recipient size match. The Journal 
of Heart and Lung Transplantation, 38(10), 1056-1066.

Kobashigawa, J. A., & Patel, J. K. (2006). 
Immunosuppression for heart transplantation: Where 
are we now? Nature Clinical Practice Cardiovascular 
Medicine, 3(4), 203–212. https://doi.org/10.1038/
ncpcardio0510

Kobashigawa, J., Miller, L., Renlund, D., Mentzer, R., 
Alderman, E., Bourge, R., Costanzo, M., Eisen, H., 
Dureau, G., Ratkovec, R., Hummel, M., Ipe, D., Johnson, 
J., Keogh, A., Mamelok, R., Mancini, D., Smart, F., & 
Valantine, H. (1998). A randomized active-controlled 
trial of Mycophenolate mofetil in heart transplant 
recipients1. Transplantation, 66(4), 507–515. https://doi.
org/10.1097/00007890-199808270-00016  

Kugler, C., Tegtbur, U., Gottlieb, J., Bara, C., Malehsa, 
D., Dierich, M., ... & Haverich, A. (2010). Health-related 
quality of life in long-term survivors after heart and 
lung transplantation: a prospective cohort study. 
Transplantation, 90(4), 451-457.

Kugler, C., Bara, C., von Waldthausen, T., Einhorn, 
I., Haastert, B., Fegbeutel, C., & Haverich, A. (2014). 
Association of depression symptoms with quality of life 
and chronic artery vasculopathy: a cross-sectional study 
in heart transplant patients. Journal of Psychosomatic 
Research, 77(2), 128-134.

Lindenfeld, J. A., Miller, G. G., Shakar, S. F., Zolty, R., Lowes, 
B. D., Wolfel, E. E., Mestroni, L., Page, R. L., & Kobashigawa, 
J. (2004). Drug therapy in the heart transplant re-
cipient. Circulation, 110(25), 3858–3865. https://doi.
org/10.1161/01.cir.0000150332.42276.69

Lu, C. Y., Sicher, S. C., & Vazquez, M. A. (1993). Prevention 
and treatment of renal allograft rejection. Journal of 
the American Society of Nephrology, 4(6), 1239–1256. 
https://doi.org/10.1681/asn.v461239

Miller, L. W., Wolford, T., McBride, L. R., Peigh, P., & 
Pennington, D. G. (1992). Successful withdrawal of corti-
costeroids in heart transplantation. The Journal of Heart 
and Lung Transplantation, 11(2 Pt 2), 431.

Naik, R. H., & Shawar, S. H. (2023, January). Renal 

Transplantation Rejection. National Center for 
Biotechnology Information. Retrieved April 1, 2023, from 
https://www.ncbi.nlm.nih.gov/books/NBK553074/ 

Pober, J. S., Chih, S., Kobashigawa, J., Madsen, J. C., 
& Tellides, G. (2021). Cardiac allograft vasculopa-
thy: current review and future research directions. 
Cardiovascular Research, 117(13), 2624-2638.

Rohatiner, A. Z., Lister, T. A., Montoto, S., & Davies, 
A. (2006). Chapter 19- Follicular Lymphoma. In G. P. 
Canellos, T. A. Lister, & B. D. Young (Eds.), The Lymphomas 
(Second, pp. 348–373). essay, Saunders. Retrieved from 
https://doi.org/10.1016/B978-072160081-9.50023-6

Rusnak, F., & Mertz, P. (2000). Calcineurin: Form and func-
tion. Physiological Reviews, 80(4), 1483–1521. https://doi.
org/10.1152/physrev.2000.80.4.1483 

Saeed, I., Rogers, C., Murday, A., & Steering Group of the 
UK Cardiothoracic Transplant Audit. (2008). Health-
related quality of life after cardiac transplantation: 
results of a UK National Survey with Norm-based 
Comparisons. The Journal of heart and lung transplanta-
tion, 27(6), 675-681.

Singh, N., Pirsch, J., & Samaniego, M. (2009). Antibody-
mediated rejection: Treatment alternatives and out-
comes. Transplantation Reviews (Philadelphia, Pa.), 23(1), 
34. https://doi.org/10.1016/j.trre.2008.08.004

Shamaskin, A. M., Rybarczyk, B. D., Wang, E., White-
Williams, C., McGee Jr, E., Cotts, W., & Grady, K. L. 
(2012). Older patients (age 65+) report better quality 
of life, psychological adjustment, and adherence than 
younger patients 5 years after heart transplant: A mul-
tisite study. The Journal of heart and lung transplantation, 
31(5), 478-484.

Söderlund, C., & Rådegran, G. (2015). 
Immunosuppressive therapies after heart transplanta-
tion — the balance between under- and over-immuno-
suppression. Transplantation Reviews, 29(3), 181–189. 
https://doi.org/10.1016/j.trre.2015.02.005 

Stehlik, J., Edwards, L. B., Kucheryavaya, A. Y., Benden, C., 
Christie, J. D., Dipchand, A. I., Dobbels, F., Kirk, R., Rahmel, 
A. O., & Hertz, M. I. (2012). The registry of the interna-
tional society for heart and lung transplantation: 29th 
official adult heart transplant report—2012. The Journal 
of Heart and Lung Transplantation, 31(10), 1052–1064. 
https://doi.org/10.1016/j.healun.2012.08.002 

Taylor, D. O., Barr, M. L., Radovancevic, B., Renlund, D. G., 
Mentzer, R. M., Jr, Smart, F. W., Tolman, D. E., Frazier, O. 
H., Young, J. B., & VanVeldhuisen, P. (1999). A randomized, 
multicenter comparison of tacrolimus and cyclosporin 



106

Sara Batya Friedman 

immunosuppressive regimens in cardiac transplantation: 
decreased hyperlipidemia and hypertension with tacro-
limus. The Journal of heart and lung transplantation : the 
official publication of the International Society for Heart 
Transplantation, 18(4), 336–345. https://doi.org/10.1016/
s1053-2498(98)00060-6 

Tackmann, E., & Dettmer S Dr, p. (2020). Health-related 
quality of life in adult heart-transplant recipients—a 
systematic review. Herz, 45(5), 475-482. https://doi.
org/10.1007/s00059-018-4745-8

Webster, A. C., Lee, V. W. S., Chapman, J. R., & Craig, J. C. 
(2006). Target of rapamycin inhibitors (sirolimus and 
everolimus) for primary immunosuppression of kidney 
transplant recipients: A systematic review and meta-anal-
ysis of randomized trials. Transplantation, 81(9), 1234. 
https://doi.org/10.1097/01.tp.0000219703.39149.85

White-Williams, C., Grady, K. L., Myers, S., Naftel, D. C., 
Wang, E., Bourge, R., & Rybarczyk, B. (2013). The relation-
ships among satisfaction with social support, quality of 
life, and survival 5 to 10 years after heart transplantation. 
The Journal of cardiovascular nursing, 28(5), 407.


	Immunosuppression after Cardiac Transplantation: What is the Best Approach?
	Recommended Citation

	tmp.1717512573.pdf.evKcM

