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Abstract

®

Check for
updates

Purpose of Review The goal of this review article is to highlight our understanding of potential complications after heart
transplantation. We aim to discuss recent advances within the field that directly impact the management of heart transplant
recipients. Our target audiences include cardiologists, emergency medicine, and internal medicine providers.

Recent Findings Heart transplantation remains definitive therapy for end-stage heart failure. Complications after transplant can
be divided in to post-operative, early, and late. Complications are related to the differing physiology of the denervated transplant
heart as well as the immunosuppressive medications necessitated to maintain graft function. These include primary graft
dysfunction, allograft rejection, chronic renal insufficiency, cardiac allograft vasculopathy, and malignancy.

Summary The anticipation and management of complications in patients after receiving a heart transplant involve a comprehen-
sive understanding of the differences in the transplanted heart and effects of immunosuppressive therapies.

Keywords Heart transplant - Complications - Rejection - Infection - Graft failure

Abbreviations

(HLA) human leukocyte antigen
(PGD) primary graft dysfunction
(MCS) mechanical circulatory support
(CAV) cardiac allograft vasculopathy
Introduction

Heart transplantation remains the definitive therapy for end-
stage heart failure. In the USA, the annual number of heart
transplants performed has been increasing over the past de-
cade. However, the number of potential donor hearts available
has been constant while the number of active candidates on
the transplant waiting list has been increasing [1].
Furthermore, the medical complexity of heart transplant recip-
ients has been increasing over time. There are a growing num-
ber of older transplant recipients, a rise in the use of mechan-
ical circulatory support (MCS), and patients with greater
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levels of detectable antibodies prior to transplant [2—3,4].
This evolving landscape has placed heart transplant recipients
at an increased risk for adverse outcomes [5]. In this review,
we will discuss the prevalence, pathophysiology, and manage-
ment of complications after heart transplantation in adults.
Furthermore, we will briefly review medical chief complaints
and evaluation consideration in heart transplant patients.

Methodology

We selected PubMed and Google Scholar as our databases.
We searched for articles published over the past 5 years. We
searched for the following keywords from 2014 to 2019:
“heart transplantation,” “heart transplant complications,”
“heart transplant and infections,” “heart transplant rejection,”
“primary graft dysfunction,” and “heart transplant and malig-
nancy.” The window of time for search was expanded if no
recent articles were found.

The Transplanted Heart
For the practitioner providing care to a heart transplant recip-
ient, it is important to be aware of the changes in cardiac

physiology which occur after transplant. The transplanted
heart is unlike the native heart due to the absence of efferent
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and afferent nerve innervation with the departure of neural
input to the sinoatrial node [6]. This occurs as a result of
surgical dissection to the post-ganglionic neurons. The resting
basal heart rate of the transplanted heart is elevated (average
95 beats per minute) due to the absence of parasympathetic
innervation. The lack of direct sensory input decreases the
ability of patients to experience symptomatic angina. Rarely,
instances of structural sympathetic reinnervation after trans-
plantation has occurred [7]. The frequency and sum of either
parasympathetic or sympathetic reinnervation which occurs
per patient are highly variable. The presence of reinnervation
may increase the ability to feel angina from myocardial ische-
mia as well as improve ventricular response to exercise.

The conduction system of the transplanted heart is also
different than native heart due to surgical technique and
ischemia-reperfusion injury. As a result of physiologic differ-
ences of the transplanted heart, select cardiac medications
have variable effects. Beta-blockers early after transplantation
can decrease exercise capacity and ejection fraction due to
inability to increase heart rate in response to physiologic needs
[8]. Atropine, an anticholinergic drug used to treat
bradyarrhythmias via inhibition of vagus nerve, has little ef-
fect on the heart rate of the denervated, transplanted, heart [9,
10e¢]. Conversely, adenosine which binds type-1 adenosine
(A) receptors in the treatment of supraventricular tachycardia
has increased sensitivity in the transplanted heart. Therefore, a
dose reduction is recommended prior to its use [10ee, 11].

Post-Operative Complications

Complications after heart transplantation can be divided in
terms of timing: post-operative, early, and late [12]. The
post-operative monitoring early after transplantation should
be done with the assistance of hemodynamic monitoring
(i.e., arterial line, continuous telemetry, and Swan ganz cath-
eter monitoring), imaging (intraoperative transesophageal
echocardiography), and use of vasopressor and inotropic sup-
port agents as indicated. Typically, the transplanted heart has
minimal catecholamine stores and exogenous supplementa-
tion is necessary for the early intensive care unit (ICU) course.
Specific regimens utilized to support the newly transplanted
heart are variable by transplant center. Post-operative cases of
profound hemodynamic instability should be investigated for
the following causes.

Hyperacute rejection is a rare, post-operative complica-
tion which can occur shortly after transplantation. The
incidence of hyperacute rejection has decreased over time
[4¢]. The process occurs when preformed antibodies to the
allograft attack by binding to HLA and non-HLA antigens
[13]. Hyperacute rejection is managed often in the oper-
ating room setting with inotropic/mechanical support and
aggressive immunosuppression, including corticosteroids,
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anti-thymocyte globulin, plasmapheresis, and intravenous
immunoglobulin (IVIG) [14].

Cardiac tamponade is another post-operative complication
which typically presents within the first days with hemody-
namic instability including rising right-sided filling pressures
and decreased cardiac output. Pericardial effusion visualiza-
tion after heart transplantation is not infrequent, with inci-
dences ranging from 10 to 20% [15, 16] after heart transplant.
Therefore, particular assessment to ensure hemodynamic con-
tribution exists from an effusion is important [17]. Evaluation
is typically performed with either transthoracic or transesoph-
ageal echocardiogram. Management is surgical exploration
with evacuation if occurring in the immediate post-operative
period [14].

Primary graft dysfunction (PGD) is the development of
either left, right, or biventricular dysfunction within 24 h of
transplant with no identifiable cause [18]. Risk assessment
prior to transplant is advised; factors including ischemic time,
African American recipient, and amiodarone treatment prior
to transplant are known to be associated with the development
of PGD [18]. PGD can be categorized by severity
(mild/moderate/severe) and also as left or right sided.
Importantly, the criteria to classify PGD include imaging
(echocardiography) and hemodynamic findings [19+¢]. The
management of PGD is an area of active investigation, but
currently limited to inotropes or mechanical circulatory sup-
port (MCS) to provide support and, in rare cases, re-
transplantation.

Early Complications

Beyond post-operative complications, there are specific early
complications that can occur after transplantation. The devel-
opment of right ventricular (RV) dysfunction is a meaningful
finding associated with increased mortality [10e°]. Elevated
pulmonary vascular resistance prior to transplant that is not
reversible is a risk for the development of the new right ven-
tricle to have dysfunction after transplant [20]. The evaluation
of RV relies upon imaging and hemodynamic assessment. The
management of RV failure after transplant includes optimiza-
tion of preload, inotrope/vasopressor support, ventilatory sup-
port, and maintenance of sinus rhythm [21].

Dysrhythmias after heart transplant are a commonly seen
entity, with sinus node dysfunction having a prevalence as
high as 50% [22]. Sinus bradycardia is often seen in patients
who were prescribed amiodarone prior to transplantation giv-
en the long half-life of the medication. Bradycardia is often
managed with chronotropic agents such as terbutaline or iso-
proterenol as guidelines-recommend maintenance of a heart
rate of 90 beats per minute [10°¢]. Up to 10% of patients
require a permanent pacemaker for persistent, symptomatic
bradycardia [23]. Atrial and ventricular arrhythmias after
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transplantation are less frequently observed as compared to
sinus bradycardia. Atrial fibrillation is often associated with
acute rejection or (later on) with the development of cardiac
allograft vasculopathy (CAV) of the transplanted heart [24].
Atrial flutter is less often associated with allograft rejection
[24]. Ventricular arrhythmias after transplant are often seen
early post-operatively and not necessarily associated with re-
jection, but likely the result of ischemia-reperfusion injury.
The management of tachyarrhythmias after transplantation is
typically performed by rate control to 90—100 bpm with class
[I-1V anti-arthythmic agents.

Acute rejection of the transplanted heart is a major compli-
cation that has had a decreased incidence over time as our
understanding of immunosuppression has improved. Data
from the International Society of Heart and Lung
Transplantation (ISHLT) demonstrates a 22% incidence of
graft rejection leading to hospital admission within 1 year of
transplant between 2005 and 2010. Between 1994 and 1999,
the incidence was significantly greater (42%) [25]. Risk fac-
tors of the recipient for allograft rejection include young age,
black race, and female sex [26]. Heart transplant recipients
with acute rejection are often asymptomatic; however, when
symptoms are present, they typically are related to decompen-
sated heart failure including shortness of breath, orthopnea,
edema, and fatigue [27]. Additionally, patients can present
with low-grade fevers, dizziness, or symptoms related to ar-
rhythmias. Diagnostic testing for suspected cases of rejection
should include an electrocardiogram (ECG) and echocardiog-
raphy which can demonstrate systolic and diastolic abnormal-
ities. More recently, cardiac MRI (CMR) has shown promise
in the evaluation of suspected rejection; T2 mapping and basal
extracellular volume measurement can provide excellent sen-
sitivity for the diagnosis of both cellular- and humoral-
mediated rejection [28]. Other tools to evaluate cases of
suspected rejection include the use of cardiac biomarkers.
Cardiac troponin and natriuretic peptides provide insight into
myocardial injury as well as hemodynamic wall stress.
However, serum measurement in the evaluation of allograft
rejection has limited utility given the lack of specificity
[29-31]. Ultimately, the detection and grading of allograft
rejection rely upon the endomyocardial biopsy (EMB). The
procedure itself is associated with a low rate of complications,
which includes transient right bundle branch block, tricuspid
regurgitation, hematoma, and rarely, right ventricular perfora-
tion [32]. Rejection is most commonly due to acute cellular
rejection (ACR), through T cell-mediated mechanisms. ACR
typically occurs within the first 6 months of transplant and is
graded on a scale from mild to severe [33]. Antibody-
mediated rejection (AMR) has more recently been recognized
as a unique entity with a 2013 working group development of
a grading scale from 1 to 3 [34]. AMR manifests in up to 15%
of heart transplant recipients, and the diagnosis of AMR is
contingent upon combined histologic and immunopathologic

review of EMB. There are also instances of biopsy-negative
rejection in which there is evidence of graft dysfunction and
normal EMB. This may be related to sampling from the EMB
itself. Novel methods to enhance our ability to detect graft
rejection under investigation include gene expression profil-
ing, cell-free DNA detection, and microarray technology
[35-37]. The management of graft rejection is dictated by
severity and acuity of presentation. Specifically, grade 2R
and/or AMR?2 (or greater) warrant administration of immuno-
suppressive therapies. Asymptomatic patients are often treated
with oral steroids while symptomatic patients can be managed
with therapies including intravenous steroids, higher doses of
immunosuppression, and anti-thymocyte globulin (ATG).
Patients presenting with cardiogenic shock often require ther-
apies which include plasmapheresis, IVIG, heparin, and he-
modynamic support (i.e., intra-aortic balloon pump or extra-
corporeal membrane oxygenation (ECMO)) [38]. Continuous
administration of intravenous heparin should be considered in
these cases and autopsy studies have demonstrated microvas-
cular thrombi.

Both opportunistic infections and reactivation of latent in-
fections remain a common complication after heart transplan-
tation. The net state of immunosuppression in transplant re-
cipients is affected by multiple factors including immunosup-
pressive therapies, underlying immune deficiencies, metabolic
conditions, and malnutrition [39]. The greatest risk for infec-
tion as a cause of death occurs after the first month of trans-
plant and remains through the first year [25]. The type of
infection is often related to time after transplant. Typically,
nosocomial infections occur during the first month while op-
portunistic and community-acquired infections occur after this
time period [39]. The presence of MCS as a “bridge” to trans-
plant is associated with a higher risk of post-transplant infec-
tious complications [40]. Bacterial infections are the most
common early infectious cause of morbidity, with
Staphylococcus aureus being the most common pathogen
[41, 42]. Staphylococcus infections typically manifest as
wound infection, pneumonia, line-associated, or a urinary
tract infection. Candidiasis is the most common invasive fun-
gal infection. Candidiasis can present as a mucosal surface
infection (i.e., oral, esophageal, sternal wound) or disseminat-
ed infection. Cytomegalovirus (CMV) is a commonly found
virus in the organ donor population, and it is known that
CMV-positive donor hearts can be transplanted into CMV-
negative recipients [43]. CMV infection after transplant com-
monly occurs within the first 2 months of transplant and is
associated with the long-term development of CAV [44].
Infections often present as CMV syndrome, with fevers,
chills, and malaise. CMV can also progress to invasive disease
including pneumonitis, hepatitis, and cholecystitis.

The evaluation of possible infection in a heart transplant
recipient should include both donor and recipient history of
infection, exposure history, and current immunosuppressive
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regimen intake. The treatment of infectious complications af-
ter heart transplant includes targeted antimicrobial therapies,
possible dose reduction of immunosuppression, and risk re-
duction for future exposure. Management should include con-
sultation with a transplant infectious disease specialist.
Additionally, the ImmuKnow assay (Cylex) is a tool that de-
tects cell-mediated global immunity [45]. Multiple small stud-
ies have been performed utilizing this test in heart transplant
recipients, with one meta-analysis concluding ATP values of
130 ng/mL or less are associated with an increased risk for
infection. Thus, this tool may help transplant physicians make
adjustments to immunosuppressive regimens based on risk
stratification for future infections [46].

Late Complications

The median survival for adults after heart transplantation is
11 years [5]. Cardiac allograft vasculopathy (CAV) is a form
of chronic rejection of the transplanted heart and major cause
of late morbidity and mortality. CAV is due to a pan-arteritis
with concentric, longitudinal intimal thickening of the epicar-
dial coronary arteries, and likely the microvascular arteries as
well [47]. The development of CAV is caused by inflamma-
tory cells as well as the development of atherosclerotic depo-
sition within the coronary arterial intima. Risk factors for CAV
development include donor age, diabetes mellitus, hyperten-
sion, hyperlipidemia and recipient age, and HLA match. Due
to the lack of innervation to the transplanted heart, patients
who develop severe CAV typically present late with silent
myocardial infarction, graft dysfunction, or sudden death.
The detection of CAV is reliant upon invasive coronary angi-
ography with intravascular ultrasound to improve sensitivity
of detection [48, 49]. Advanced imaging including coronary
computed tomography angiography (CCTA) and positron
emission tomography—computed tomography (PET-CT) are
areas of active investigation to detect sub-clinical CAV [48,
50]. The management of CAV includes risk factor reduction,
use of proliferation signal inhibitors when tolerated for immu-
nosuppression [51], and statin therapy [52]. Additionally,
there is a role for invasive therapies including percutaneous
coronary intervention (PCI) and bypass surgery (CABG) to
help treat CAV and its sequelae.

Malignancy after heart transplant is a common late compli-
cation with a 10% risk of de novo solid malignancy between 1
and 5 years after transplant [53]. The chronic use of immuno-
suppression to prevent allograft rejection is integral in increas-
ing the risk for malignancy. Skin cancer remains the most
common type of cancer and there has been a slight increase
in the incidence of de novo solid malignancy over time [53].
Importantly, survival in patients after the development of ma-
lignancy is significantly lower than in patients without malig-
nancy. The management of malignancy after heart transplant
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is primarily with standard oncologic therapies. Adjusting im-
munosuppression from a regimen which includes an anti-
metabolite to proliferation signal inhibitor (PSI) may decrease
the risk of subsequent malignancy development [54].
Moreover, patients should receive annual screening by a der-
matologist and age-appropriate cancer screening after heart
transplantation to ensure de novo malignancies are diagnosed
early in their disease course and treated appropriately.

Renal dysfunction after heart transplant is an important
long-term complication [55] and is associated with a poor
prognosis [56]. Typically, the greatest loss of kidney function
occurs during the first year following heart transplant.
Calcineurin inhibitors (CNIs) are a mainstay of the mainte-
nance immunosuppression after and are associated with neph-
rotoxicity with progressive tubule-interstitial damage and
glomerulosclerosis. Therefore, close monitoring of serum
drug levels is critical. The early withdrawal of CNI therapy
for a proliferation signal inhibitor can improve renal function
with a lower incidence of CAV, but with a higher incidence of
allograft rejection [57¢]. The Scandinavian Heart Transplant
Everolimus De Novo Study With Early Calcineurin Inhibitors
Avoidance (Schedule) trial demonstrated that a regimen of
PSI, low-dose CNI, steroids, and mycophenolate mofetil
(MMF) with CNI discontinuation after 7 weeks resulted in
improved long-term renal function [57¢]. This regimen, used
selectively, may offer acceptable immunosuppressive efficacy
with a sustained renal advantage. Table 1 summarizes major
complications after heart transplantation and management
strategies. Figure 1 demonstrates major complications after
heart transplantation.

Clinical Management Issues
Shortness of Breath

In heart transplant patients presenting for acute medical care
with shortness of breath, a comprehensive evaluation should
be undertaken [27]. Specifically, a transplant history including
date of transplant, prior episodes of rejection, prior angio-
grams, immunosuppression regimen (and adherence), should
be sought after. Graft rejection and infection are more com-
mon early after transplant while CAV or de novo malignancy
occur more frequently late [58]. Additionally, any history to
suggest sepsis including fever, productive cough, or malaise
should be obtained. Symptoms and signs consistent with de-
compensated heart failure are concerning for allograft rejec-
tion or CAYV, a form of chronic rejection. Diagnostic testing
should include basic labs, cardiac biomarkers, ECG, chest
imaging, and urgent echocardiography to evaluate graft func-
tion. Within the first year of transplant, the ECG typically
demonstrates normal sinus rhythm or sinus tachycardia [59].
More common abnormalities include right intraventricular
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conduction delay or atrial enlargement. Biomarkers such as
natriuretic peptides and troponin remain elevated with a pro-
gressive decline typically reaching steady state approximately
12 weeks after transplant [60]. Abnormal graft function or
highly elevated biomarkers should trigger consideration of
EMB as well as possibly angiography for evaluation of CAV.

diagnosis and treatment strategies
elevated resting HR afterwards

Occasional cases in setting of negative pre-operative PRA
Highly variable patient presentations

Elevated risk in setting of coagulopathy or surgical
Recently established universal definition to formalize
Sinus bradycardia common early post-transplant and
Fever often absent in opportunistic infections

Chest pain less common resulting from denervated heart
Routine surveillance skin evaluation is recommended
Consider exchange of CNI for PSI to maintain renal
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Palpitations

In heart transplant patients presenting with symptoms of pal-
pitations, an electrocardiogram (ECG) should be performed.
Tachyarrhythmias can be divided into supraventricular (SVT)
and ventricular arrhythmias. SVT due to atrial fibrillation in
patients with a heart transplant should prompt a search for
either allograft rejection or the presence of CAV [67]. Atrial
flutter should be considered for catheter ablation, as outcomes
in transplant patients are similar to non-transplant patients
[68]. Adenosine, which acts on the AV node, can be used
safely with caution at low doses (typically 3 mg) in patients
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computed tomography; PSI, proliferation signal inhibitor

ATG, anti-thymocyte globulin; CMR, cardiac magnetic resonance; CNI, calcineurin inhibitor, CBC, complete blood count; CCTA, coronary computed tomography angiography; EMB, endomyocardial
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Fig. 1 Summary of
complications after heart
transplant

Malignancy

Fever

Fever in a patient receiving immunosuppressive therapies
after heart transplant should be evaluated with exhaustive-
ly. Beyond the post-operative period, fever typically rep-
resents infection or inflammation although cases of acute
CAV have presented with fever and malaise [71]. The
timing after transplant is critical as within 30 days typi-
cally results from nosocomial infections while afterwards
opportunistic and community-acquired infections occur
more commonly [39, 72]. History should include donor
and recipient history of infection, immunosuppressive
regimen, prior rejection history, exposures, and ATP
values via T cell ImmuKnow assay (if available).
Evaluation should include skin (with particular attention
to sternal wound), examination, infectious lab values, and
a low threshold to pursue imaging. Conversely, the use of
immunosuppressive medications can mask fevers in the
setting of an opportunistic infection. Thus, overall, a high
index of suspicion and a low threshold for diagnostic test-
ing and treatment of possible infection should be consid-
ered given the risk-benefit ratio in heart transplant
patients.

@ Springer

Cardiac Allograft Vasculopathy
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Limitations

This is a review paper of contemporary literature covering
commonly seen complications after heart transplantation in
adults. The limitations include the lack of high level of evi-
dence randomized controlled trials and large cohort studies.

Future Directions

As heart transplant patients live longer, surveillance for graft
rejection will rely upon multi-modality tools including gene
expression profiling, cell-free DNA detection, and intragraft
microRNA evaluation. Furthermore, the use of immunosup-
pression will be tailored on a personalized basis utilizing tools
including the T cell immune function assay. Overall, a more
personalized approach to the care of the heart transplant pa-
tient will be seen.

Conclusions

The median survival after transplant is currently 11 years for
patients who survive the first year [5]. Complications after
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heart transplantation are broad, ranging from mechanical to
immunologic-mediated to infectious, and resulting from se-
quelae of immunosuppressive therapies used to preserve graft
function. Additionally, the approach to common medical com-
plaints including shortness of breath, bleeding, palpitations,
and fever should be adjusted to the potential diagnoses in heart
transplant patients. A thorough understanding of the varying
physiology with the transplanted heart is important in the
short- and long-term management of these patients.
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