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Abstract
Cardiac transplantation is considered the gold-standard treatment option for patients suffering from end-stage heart failure 
refractory to maximum medical therapy. A major determinant of graft function and recipient survival is a comprehensive 
evaluation of the donor allograft. Challenges arise when designing and implementing an evidence-based donor evaluation 
protocol due to the number of influential donor-specific characteristics and the complex interactions that occur between 
them. Here, we present our systematic approach to donor evaluation by examining the impact that relevant donor variables 
have on graft function and recipient outcomes.
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Introduction

Cardiac transplantation is considered the gold-standard treatment 
option for patients suffering from end-stage heart failure refrac-
tory to maximum medical therapy [1]. Throughout the previous 
three decades, the relatively stable supply of donor hearts has  
been insufficient to meet growing recipient demand. The expand-
ing gap between donor supply and recipient need has produced 
an organ shortage crisis characterized by exorbitant waiting list 
periods and an unacceptably high waiting list mortality. Ensuring 
patients have access to this life-saving treatment requires pursu-
ing strategies that not only expand the available donor pool and 
reduce allograft discard rates, but that also optimize graft function 
and posttransplant recipient outcomes. Despite the recent rise in 
total heart transplants due to opioid-related supply increases, the 
disequilibrium between supply and demand has in fact worsened 
due to a decrease in donor utilization combined with increas- 
ing recipient demand [2]. In healthcare, as elsewhere, scarcity is 
the mother of allocation, and donor hearts are a finite and highly 
coveted resource. Scarcity in healthcare requires rationing limited 

resources through a controlled process of distribution, and the 
current system unfortunately prioritizes the sickest patients at  
the expense of taking into account post-transplant prognosis and  
outcomes [3]. The existing allocation system assumes that scar-
city is temporary and that less sick individuals are capable of 
being rescued in the future [4]. It is imperative that policy mak-
ing accounts for the significant gains in survival and quality of 
life achieved through utilization of mechanical circulatory support 
and recognizes the tremendous impact of a comprehensive donor 
evaluation on post-transplant recipient outcomes [5]. Previous 
studies have identified multiple donor characteristics that impact 
the survival and performance of the transplanted organ [6]. Influ-
ential donor factors range from logistical variables (brain death 
confirmation, verification of consent for donation, ABO compati-
bility, geographic constraints, size matching) and comorbid condi-
tions (COPD, coronary artery disease, pulmonary hypertension), 
to cause of death, laboratory and imaging data, and others [7]. 
Challenges arise when designing and implementing an evidence-
based donor evaluation protocol due to the number of relevant 
donor-specific characteristics and the complex interactions that 
occur between them. Here, we present our systematic approach 
to donor evaluation by examining the impact that relevant donor 
variables have on graft function and recipient outcomes.

Recipient factors

Our evaluation of donor hearts begins with the understand-
ing that donor-recipient suitability is highly individualized 
and dependents on a multitude of factors that interact in 
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complex and often unpredictable ways. Baseline demo-
graphic variables are the first factors we consider and 
include recipient  age, height, weight, and blood group. 
Accurate recipient size measurements are crucial to achiev-
ing a favorable donor-recipient size match, with donor pre-
dicted heart mass playing a more determinative role than 
weight ratio, body surface area, or body mass index [8].

Risk tolerance for grafts deemed higher risk for primary 
graft dysfunction is guided by recipient factors such as older 
age, degree of end organ dysfunction, surgical complexity,  
and other factors that could potentially limit the imple- 
mentation  of  temporary mechanical circulatory support. 
Increased tolerance for grafts deemed higher risk for primary 
graft dysfunction is adjudicated in those deemed suitable can-
didates for post-transplant temporary support. Recipient age 
impacts our tolerance for transplanting lower quality donors given  
the negative correlation between recipient age and tolerance  
for grafts with concerning features.

Next, we perform a thorough medical history with a focus 
on congenital (septal defects, tetralogy of Fallot, Ebstein 
anomaly) and acquired (myocardial infarction, pulmonary 
hypertension, hypertrophic obstructive cardiomyopathy) car-
diac pathologies followed by a detailed procedural history. 
Recipients with severe peripheral vascular disease or uncor-
rected abdominal aortic aneurysm are rarely candidates for 
high-risk grafts due to limitations imposed on peripheral 
support strategies. Individuals with left ventricular assist 
devices (LVAD) or total artificial heart (TAH) may have 
extensive mediastinal fibrosis and deleterious thoracic 
remodeling that can impact donor ischemic times.

Lastly, we evaluate recipient immune system sensitization 
using calculated panel reaction antibody (cPRA) and mean 
fluoresent antibody testing. The mortality for sensitized heart 
transplant patients is increased relative to non-sensitized  
patients in terms of higher wait-list mortality, antibody 
mediated rejection with graft dysfunction, and the develop-
ment of graft vasculopathy [9, 10]. Although a standard-
ized threshold for determining sensitization has not been 
established, most centers use a cPRA greater than 50% and 
an IgG (MFI) greater than 1000 for defining sensitization.

Our center-specific antibody screening is performed by 
Luminex solid phase single antigen bead testing for the  
presence and identification of antibodies to HLA class I (A, 
B, Cw, Bw) and class II (DR, DQB1, DRw, DQA1, DPB1) 
HLA antigens [11]. Based on our institutional protocol those 
antibodies scoring a MFI of greater than or equal to 5000 
will be reported and the cPRA will be calculated based 
on this threshold. Any antibody attaining the threshold of 
greater than or equal to 5000 will be tittered and tested for 
complement fixing utilizing the C1q assay.

The “cutoff value” for determining a positive MFI is  
suggestive of “significance” and a semi-quantitative strength 
of the antibody that would impact the patient’s prospective 

crossmatch. This “cutoff value” is approximate and should  
not be misinterpreted as guaranteeing safety of the post-
transplant outcome. A close working relationship with the 
institutional immunogenetics and tissue typing laboratory 
and the clinical transplant team is essential to ensure suc- 
cessful transplantation. The MFI “cutoff value” of avoid  
antigens can be modified at the discretion of the laboratory  
and cardiac transplant team taking into account specific  
data presumed to impact biologic significance such as the  
ability of the antibody to fix complement. A virtual cross-
match based upon agreed avoid antigens is performed on all 
recipients with the primary objective to prevent unnecessary 
prospective crossmatches that would most likely be incom-
patible. Prospective crossmatch testing is performed by two  
methods: a serologically-based complement-dependent lympho- 
cytotoxicity assay (T cell crossmatch by the standard  
and antiglobulin method; B cell by the NIH method) and by 
flow cytometry. Prospective crossmatch is performed in all 
sensitized patients even if the virtual crossmatch is nega- 
tive. Desensitization strategies are considered in those with 
cPRA > 50% especially in the presence of prior positive cross 
matches or in the presence of high titer antibodies that fix  
complement by the C1q assay [12]. 

Geographic proximity and ischemic time

Geographic proximity between procurement and trans-
plant locations is the next variable in our assessment due 
to its impact on organ ischemic time and ultimately on graft 
performance and recipient survival. In general, there is an  
inverse relationship between organ ischemic time and post-
transplant graft function and recipient survival [13]. For this 
reason, our optimum graft ischemic time does not exceed 
90  min because of the association between prolonged 
ischemia and allograft vasculopathy and myocardial dam-
age. We do, however, recognize that the magnitude of this 
impact depends on donor age and the presence of additional  
risk factors, [14] so we exercise greater tolerance for longer 
ischemic times in younger donors. We accept grafts with 
ischemic times that approach 4 hours for young donors with no  
comorbidities and evidence of good native cardiac function. 
Although some centers tolerate ischemic times up to 8 h for 
optimum donors, there is evidence that such long ischemic 
times adversely affect early graft performance and recipient 
survival [15], so we typically classify grafts with ischemic 
times that exceed 8 h as unacceptable.

Age

Cardiac allografts are procured from individuals that span 
a wide age range [16], and increased donor age is a sig-
nificant risk factor for posttransplant morbidities including 
coronary artery disease, allograft vasculopathy, and need for 
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retransplantation. For this reason, we recognize the Interna-
tional Society for Heart and Lung Transplantation (ISHLT) 
designation of donor age as an independent predictor of early 
cardiac graft failure and use donor age of 60 as our upper 
limit of acceptability. The majority of allografts we accept 
are from donors between 18 and 40 years old because of more 
favorable outcomes on early graft performance and long-term 
survival [17].

Most studies examining the impact of donor age on recip-
ient outcomes have found an inverse relationship between 
donor age and recipient posttransplant survival, particularly 
among middle and older-age recipients [18]. This association  
remains after controlling for 90-day mortality, suggesting 
that the mechanism of donor age impacting recipient sur-
vival goes beyond its effect on early graft dysfunction. The 
negative association between donor age and recipient sur-
vival is incompletely understood but is likely multifactorial 
in nature. Proposed mechanisms include greater sensitivity 
to ischemia, increased myocardial fibrosis, atherosclerotic 
vascular disease, and valvular thickening. The increased 
mortality risk is closely linked to this array of degenerative 
changes, so conducting a thorough functional assessment 
requires correlating patient age with cardiac performance 
on echocardiogram.

Lastly, our donor assessment acknowledges that the 
elevated risk of utilizing hearts from older donors must be 
weighed against non-transplant due to lack of a younger 
donor. The strategic utilization of older donor hearts to  
expand the donor pool is plagued by a lack of sufficient data 
to guide clinical decision-making. Differing risk mitigation 
strategies to increase older donor heart utilization include 
matching older donors to older recipients to theoretically 
optimize the potential of better aligning long term outcomes 
to recipient age [19]. A contemporary retrospective review 
of the UNOS database for all first-time adult heart trans- 
plant recipients between 2005 and 2018 analyzed the inter-
action between donor and recipient age and concluded that  
the “cost” of an older donor in heart transplantation is 
unchanged by recipient age and is not mitigated by using a 
younger recipient [20]. Similarly, the adverse effect of an 
older recipient is not modified by the age of the donor. We 
typically avoid utilizing older donor hearts in the younger 
recipients given the negative effects on short and long term 
outcomes except in extreme circumstances.

Cause of death

Donor cause of death influences allograft rejection and 
recipient survival [21]. Despite the present interest in dona-
tion after cardiac death (DCD) donors, donation after brain 
death (DBD) donors remain the primary contributors to 
heart transplants and account for the overwhelming major-
ity of grafts we accept. Optimum DBD donors are young 

individuals with no medical comorbidities or surgical risk 
factors. They are often victims of motor vehicle accidents 
or gun-shot wounds, provided the traumatic mechanism 
avoided damage to cardiac structures. Other causes of mor-
tality for DBD donors include stroke, anoxic encephalopathy 
from asphyxiation (drowning, drug overdose such as opi-
oids, chemical asphyxiates such as carbon monoxide, ana-
phylaxis, choking, strangulation, hanging, asthmatic attacks, 
seizures, cardiorespiratory arrest), brain tumors, infections 
such as encephalitis, or occasionally death from an unknown 
etiology [22]. A complete evaluation of the cause of brain 
death is warranted to avoid any potential implications for 
the recipient [23]. Potential donors who suffer intracranial 
hemorrhage require thorough investigation into the underly-
ing cardiovascular pathology and careful tracking of graft 
performance. Individuals who suffer aneurysmal rupture 
and display adequate or improving cardiac function may be 
acceptable candidates, whereas potential donors who suffer 
brain hemorrhage associated with severe hypertension with 
evidence of ventricular hypertrophy are considered higher 
risk for primary graft dysfunction.

Donor hearts from poisoning such as those associated 
with carbon monoxide inhalation require extra discrimina-
tion in assessing the potential of the specific toxin to cause 
acute as well as chronic cardiac dysfunction. Carbon mon-
oxide in particular reduces oxygen delivery by competitively 
binding to hemoglobin and subsequently reducing oxygen 
delivery to tissues [24]. The effects of carbon monoxide poi-
soning can lead to cardiac enzyme leak, acute myocardial 
dysfunction, and an increased long-term risk of develop-
ing coronary disease and various potentially fatal arrhyth-
mias. When considering utilization of donor allografts from 
patients dying of drug and poison intoxication, a comprehen-
sive understanding of the toxicology and clinical implica-
tions is paramount. The literature in organ transplantation 
regarding short and long term outcomes utilizing donor 
hearts from fatal drug intoxication and poisoning remains 
sparse. For this reason consultation with experts in toxicol-
ogy is warranted.

Donor hearts from drug overdoses have previously been 
underutilized based on concerns for donor quality and the 
possibility of increased transmission of infectious diseases 
[25]. The opioid epidemic has significantly increased the 
supply of donor organs available for transplantation and 
multiple studies have shown outcomes of transplants from 
donors who died from drug-related causes are comparable to 
transplants from donors who died due to other mechanisms 
[26]. 

Donor history

We examine the presence and severity of donor medical 
comorbidities thoroughly before making determinations 
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about graft utilization and recipient suitability. Common 
donor comorbidities that influence graft function and long-
term recipient survival include hypertension, smoking  
history, prior cocaine use, chronic obstructive pulmonary dis-
ease, and a history of cardiac arrest [27]. We believe care-
fully selected diabetic donors are acceptable and appear to 
carry no additional risk for early graft dysfunction or post-
transplant mortality compared to matched controls without 
insulin dysfunction [28]. Donors with active or recently 
treated malignancy are invariably avoided due to the risk of 
malignancy transmission and associated poor outcomes. The 
risk of utilizing donors with primary brain tumors remains 
controversial, especially in regards to those with high grade 
gliomas and medullablastomas [29]. The risk of transmis-
sion is considered greater if the blood brain barrier has been 
breached through surgical intervention, radiotherapy, or 
ventriculosystemic shunt placement. Most transplant cent-
ers prohibit the utilization of donor grafts with significant  
coronary artery disease due to increased rates of primary graft  
dysfunction (PGD) and recipient need for retransplantation. 
Selective use of donor hearts with mild or moderate coronary 
artery disease with excellent function on echocardiogram may  
be acceptable, although the increased demand for revasculari-
zation with angioplasty or recipient conduit in these patients 
often prohibits their utilization [30]. Our tolerance for donor 
coronary artery disease is based on the remaining donor risk 
profile and recipient functional status. Individuals with an 
extensive substance abuse history are avoided, particularly 
those abusing stimulants and other noradrenergic agents.

Size‑matching

The fundamental goal of cardiac size-matching is to mini-
mize morphological discrepancies between donor and 
recipient that may negatively affect postoperative cardiac 
function, a phenomenon we notice most often in recipients 
of undersized donor hearts [31]. This observation is due to 
a constellation of physiologic disadvantages placed on the 
transplanted heart that worsen with under sizing. The trans-
planted heart experiences early chronotropic incompetence 
which requires augmentation of cardiac workflow to allow 
for sustained systemic perfusion. This is accomplished pre-
dominantly through increasing stroke volume, a hemody-
namic adaptation that requires chronically increased filling 
pressures that can have particularly damaging effects on 
recipients of undersized donor hearts [32].

Although there is currently no standardized sizing met-
ric, predicted heart mass (PHM) is our preferred tool based 
on institutional experience combined with an array of confir-
mational studies [33, 34]. We also recognize ISHLT guide-
lines which recommend the use of a donor male whose body 
weight is no less than 30% that of the recipient, and no less 
than 20% below if the donor is female [35]. Cardiac mass 

calculations are specifically useful for taking into account 
the weighted contributions of age, sex, weight, and height in 
size matching. We prefer to limit under sizing of the donor in 
most heart failure patients to less than – 15% of cardiac mass 
due to an association with increased post-transplant mortal-
ity. Tolerance for oversizing is greater and in some instances 
preferred in recipients with pulmonary hypertension, longer 
donor ischemic times, older donor hearts, and donor hearts 
with cardiac dysfunction. Avoidance of undersized donors  
is particularly crucial in recipients with subtantial pulmonary 
hypertension to prevent acute and chronic right ventricular dys-
function and to avoid the associated increased mortality risk.

Oversizing is not without risk, however, as previously 
published work has shown that excessive oversizing can, in 
extremes, lead to increased mortality, likely attributable to 
restrictive physiology. The limit for excessive oversizing is 
based on two standard deviations of height being six inches 
for men and five inches for women. There are higher risk cir-
cumstances where the oversizing limit would be restricted to 
one standard deviation, such as in patients previously receiv-
ing urgent LVAD after acute myocardial infarction without 
remodeling, chronic Syncardia TAH support without tis-
sue expanders, non-dilated restrictive cardiomyopathies, 
radiation induced cardiomyopathy, or multiple prior cardiac 
surgeries without native heart dilatation or other potential 
pericardial space-restricting conditions [36]. We have found 
it useful to use recipients' cardiothoracic ratio (CTR) to deter-
mine the extent of cardiomegaly and thereby approximately 
estimate the available space in the chest for a donor heart 
[37]. As such, CTR could be useful in defining the limits 
of oversizing.

Infections

We regularly screen donors for the presence and risk of infec-
tions via serologic testing, blood and urine cultures, compre-
hensive social and medical histories, and chest X-ray. Donor-
derived infections in transplantation have been described for 
a wide range of pathogens inclusive of viral, bacterial, myco-
bacterial, fungal and parasitic disease with significant risk of 
morbidity and mortality approaching 30 % [38].

The ISHLT recommends a thorough graft inspection to 
exclude the possibility of donor endocarditis because of 
associated poor recipient outcomes [39]. Other ISHLT rec-
ommendations regarding donor infections that we rigorously 
follow include the exclusion of sepsis-induced myocardial 
dysfunction, avoidance of donors who died greater than 96 h 
after hospital admission, and obtaining consecutive negative 
blood cultures prior to procurement [40]. In our practice 
donors with bacteremia can be considered if pathogen spe-
cific antibiotics have been administered for at least 48 hours 
prior to procurement with some degree of clinical response, 
and there has been a complete echocardiographic assessment 
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of the valves to exclude endocarditis. Patients with positive 
blood cultures for fungal, atypical bacterial, or multi-drug 
resistant bacterial cultures are not utilized. Other unsuit-
able candidates include those with undiagnosed febrile ill-
ness, encephalitis, meningitis or those with flaccid paralysis 
of unknown etiology. We avoid potential donors who test 
positive for syphilis, Mycobacterium tuberculosis, non-TB 
mycobacterium, and various fungal infections such as asper-
gillus or cryptococcus.

Absolute contraindications to donation are infections with 
HIV, human T-cell leukemia–lymphoma virus, systemic 
viral infections (e.g., measles, rabies, adenovirus, entero-
virus, and parvovirus), prion-related disease, and herpetic 
meningoencephalitis [41].The Organ Procurement and 
Transplantation Network (OPTN) policy requires screening 
donors for syphilis, hepatitis B/C, HIV, cytomegalovirus 
(CMV), and Epstein-Barr virus (EBV) [43]. Although his-
torically unacceptable, we implant grafts from donors with 
serologic evidence of hepatitis C virus infections due to 
remarkably effective antiviral therapies and clinical evidence 
of comparable outcomes to non-infectious donors [42]. 
Transmission risks vary significantly based on the pathogen 
inoculum and immunosuppressive regimen, and recipients 
should be informed that no screening test can eliminate the 
possibility of transmission [44].

The risk of developing COVID-19 from a SARS-CoV-2 
infected donor organ is unknown [45]. Current OPTN and 
CDC guidance on deceased donor screening recommends 
testing deceased donors for SARS-CoV-2 by nucleic acid test-
ing (NAT) from a respiratory sample within 72 hours of dona-
tion [46]. For individuals with resolved infection and negative 
NAT at the time of donor evaluation, the risk of infectious 
transmission is extraordinarily low [47].

Hemodynamic management and inotrope 
requirements

Brain death can lead to significant hemodynamic, hormonal, 
inflammatory and metabolic disturbances that can have nega-
tive effects on donor organ quality. These effects can vary 
based upon whether the inciting event precipitates an acute 
massive increase in intracranial pressure (ICP) versus mortal-
ity associated with a gradual increase in ICP [48]. Brainstem 
death related to a progressive rise in ICP leads to sequential 
loss of function of the midbrain, the pons and ultimately the 
medulla oblongata with severe pathophysiologic perturba-
tions due to imbalances, surges, and depletion of neurochemi-
cal transmitters vital to the autonomic nervous system [49].

The progressive ischemia and death of autonomic regu-
latory nuclei within the brainstem manifest clinically with 
an initial parasympathetic stimulation with resultant apnea, 
hypotension and bradycardia followed by a period known as 

the classic Cushing’s reflex, manifested by hypertension and 
bradycardia [50]. This state progresses to loss of the vagal 
cardiomotor nuclei, leading to unopposed sympathetic stim-
ulation (autonomic storm), ultimately culminating in sym-
pathetic depletion and loss of vasomotor tone and develop-
ment of neurogenic shock. This period of autonomic storm 
can be especially damaging in regards to cardiac function 
due to neurogenic catecholamine cardiotoxicity with myo-
cardial ischemia and necrosis that appears directly related  
to the rate of rise of ICP and can be blocked by pharma-
cologic sympathectomy. This autonomic dysregulation is 
accompanied by dysregulation of the hypophyseal–pituitary- 
adrenocorticoid axis, activation of the systemic inflamma-
tory response, loss of thermoregulatory control, alterations 
in coagulation with possible development of disseminated 
intravascular coagulation, and profound metabolic derange-
ments. Prolonged cardiovascular instability at the time of 
death is associated with decreased allograft utilization 
and increased organ discard. There remains much debate 
regarding the management of the brain dead donor in terms 
of who manages the donor, the type of volume resuscita-
tion, hemodynamic and metabolic targets, hormonal resus-
citation, usage of catecholamine and vasopressor agents, 
requirements of invasive and noninvasive testing of specific 
organs, and timing and conduct of organ procurement. The 
vast majority of evidence favoring one donor management 
method over another is based on observational studies, 
individual expert opinion, and various society consensus 
guidelines with few prospective studies to guide protocol 
design. Given the expanding deficit in donor supply for all 
organs, the emphasis should remain on increasing the net 
yield of all organs per donor in conjunction with expanding 
the donor pool for all organs.

Our institutional approach to donor management goals 
is pragmatic, similar to that for any critically ill patient, 
and is designed to optimize and maintain organ function by 
focusing on maintaining euvolemia, hemodynamic stability, 
and adequate tissue oxygenation. Our program donor man-
agement protocols have foundational principles based upon 
the original recommendations set forth by the Crystal City 
Cardiac Consensus Conference report [51].

The initial conventional approach to the heart donor 
should include maintenance of normal perfusion pressures 
with target MAP > 65 with limited utilization of inotropes 
and vasopressors. Diligent correction of any metabolic abnor-
malities, hypoxemia, hypercarbia, and acid-base abnormali-
ties should be undertaken. After optimization of hemody-
namics, a thorough echocardiogram should be obtained for 
the initial assessment of cardiac function and for delinea-
tion of any structural abnormalities. If the initial assessment 
reveals significant myocardial dysfunction (EF < 45 %), an 
additional period of cardiac resuscitative donor management 
should commence, utilizing neuroendocrine replacement 
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therapy with invasive hemodynamic monitoring and delayed 
(usually > six hours) echocardiogram re-imaging [52].

Laboratory studies

A thorough laboratory evaluation is performed to exclude 
multiorgan damage and examine the potential for myocardial 
injury. Troponin and CPK-MB are biomarkers of myocardial 
cell damage, and investigations into their prognostic value 
on recipient outcomes have shown mixed results. Some stud-
ies suggest elevated troponin levels may be correlated with 
poor graft function [53], although newer studies on larger 
populations have failed to confirm these results [54]. We 
regularly draw troponin levels to evaluate for graft dysfunc-
tion, but mildly increased values are not, in isolation, pro-
hibitive to donor utilization, particularly in conjunction with 
favorable electrocardiographic and echocardiographic find-
ings. Elevated B-type natriuretic peptide (BNP) levels are a 
reliable indicator of reduced cardiac output after transplanta-
tion, and we rarely transplant recipients from donors with 
BNP > 160 pg/mL because of the associated risk for postop-
erative poor cardiac function (cardiac index < 2.2 L/min/m2 
at day 12) [55]. The concentrations of various inflammatory 
markers also provide prognostic information, including pro-
calcitonin, tumor necrosis factor-alpha (TNF-α), and inter-
leukins 1 and 6. Elevated procalcitonin levels are associated 
with increased early graft failure, and increased (TNF-α) 
concentrations correlate with reduced hemodynamic status 
of the donor. BUN/Cr is associated with decreased graft 
survival 1 year posttransplant and is included in our donor 
risk assessment. Currently, no biomarker in isolation can 
be used to reliably classify a donor heart as appropriate for 
transplant. All lab values must be correlated with echocardi-
ographic findings to determine their prognostic significance.

Echocardiography

A complete transthoracic echocardiogram (TTE) is per-
formed as part of every donor assessment to evaluate graft 
characteristics and functional performance. TTE allows for a 
comprehensive morphological and functional assessment that 
carries predictive significance for short-term graft function 
and both short-and-moderate-term recipient mortality. Echo-
cardiographic parameters that we examine closely include 
cardiac size, left-ventricular systolic function, regional 
wall motion abnormalities, ventricular hypertrophy, septal 
defects, valve integrity, and coronary flow. All echocardio-
grams and diagnostic studies pertaining to individual donors 
are reviewed by specialized team members prior to formal 
acceptance or denial. In select circumstances a team mem-
ber with echocardiographic skills will travel with the pro-
curement team for on-site evaluation. Typically, grafts with 
an ejection fraction (EF) greater than 50% are considered 

acceptable for transplantation [56]. Although reduced donor 
EF correlates with increased rates of non-use, 1-year sur-
vival is comparable to recipients of reduced EF donors. We 
consider grafts that have depressed EF for transplantation 
provided the donor undergoes a period of aggressive manage-
ment with hemodynamic monitoring and serial echocardio-
graphic assessment to guide therapy that results in normaliza-
tion of function [57]. 

Cardiac catheterization and angiography

Invasive hemodynamic monitoring allows for a comprehen-
sive morphological and functional assessment that carries 
predictive significance for short-term graft function and both 
short-and-moderate-term recipient mortality. Right heart 
catherization is rarely performed unless specifically indi-
cated to obtain invasive hemodynamic monitoring in patients 
undergoing aggressive donor management for potentially 
reversible cardiac dysfunction or in the assessment of par-
ticular cardiac anomalies. In hemodynamically labile donors, 
invasive hemodynamic monitoring via cardiac catheteriza-
tion can potentially guide therapy and increase utilization 
of grafts that traditionally would be disqualified. Optimum 
donor hemodynamic values include a central venous pres-
sure (CVP) 8–12 mmHg, pulmonary capillary wedge pres-
sure < 14 mmHg, mean arterial pressure (MAP) > 65 mmHg, 
and left ventricular stroke work index > 15 × gm/m [58]. 
Recipient tolerance for suboptimal values varies based on 
concomitant inotropic dependence, ischemic time, and donor 
age. Angiography is another important component of our 
donor assessment that permits visualization of coronary flow 
and myocardial perfusion. We routinely require coronary 
angiogram for all donors over 40 years, as well as younger 
donors at risk for coronary disease. While existence of a 
flow-limiting lesion (>50% stenosis) without revasculari-
zation plan would preclude utilization of the donor heart, 
revascularization at the time of heart transplant does not mit-
igate the risk of an ischemic event during the procurement. 
Lower grade focal lesions do not preclude the donor heart 
use but long-term outcomes are not clear due to paucity of 
the data in the literature. Additional angiographic findings 
such as coronary spasm and myocardial bridge should also 
be factored in very carefully and correlated with additional 
donor information, in particular substance use such as meth-
amphetamine and cocaine.

Machine perfusion assessment

Ex situ machine perfusion (MP) is an exciting frontier in donor 
assessment. Although not currently part of our program's algo-
rithm, we acknowledge the tremendous potential of these 
devices to facilitate the use of extended criteria donors and 
promote organ recovery through therapeutic drug and nutri- 
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ent delivery [59]. Normothermic machine perfusion permits 
visual inspection of contractile function and coronary blood 
flow under conditions that mimic human physiology, a capacity 
with potentially high importance considering evaluations of left 
ventricular contractility using machine perfusion are strongly 
correlated with posttransplant cardiac function [60]. Measuring 
hemodynamic parameters in a physiologic environment allows 
for a detailed circulatory assessment prior to transplantation. 
Future research investments should prioritize standardizing per-
fusion conditions and improving our understanding of which 
biomarkers can reliably predict graft function and quality.

Conclusion

Ensuring that available grafts are equitably distributed to 
waitlist candidates requires a thorough and detailed assess-
ment of organ allocation parameters and algorithms. Various 
approaches have been proposed and significant disagreement 
exists regarding the optimum strategy for achieving a fair and 
ethical means of organ distribution. The cardiac allocation 
score (CAS) was developed as an analogous scheme to the 
Lung Allocation Score (LAS) that determines urgency based 
on a consortium of relevant demographic and clinical recipi-
ent factors [61]. Other approaches have incorporated waitlist 
mortality and heavily prioritize posttransplant prognosis. 
Achieving a reliable, standardized cardiac allocation system 
will require pursuing functional assessment tools and labora-
tory information that minimize the possibility for bias and pri-
oritize objective data points. The left ventricular end-systolic 
pressure volume relationship (ESPVR) has been proposed as 
a load-independent determinant of left ventricular function for 
patients with systolic heart failure that could prove valuable in 
assessing recipient functional performance and ultimately can-
didate urgency [62]. The use of NT-ProBNP has also been sug-
gested as a useful predictor of adverse events for hospitalized 
patients suffering from either systolic or diastolic heart failure 
as one component of an objective cardiac allocation system 
[63]. There may be a role for machine learning algorithms 
in determining severity of recipient need, although systems 
at present require additional layers of sophistication in order 
to perform a comprehensive and reliable recipient assessment 
[64]. Irrespective of the precise components of such a system, 
allocation scoring should be vigorously pursued in a way that 
seeks to minimize the possibility for subjectivity and ensures 
an impartial distribution of this life-saving and finite resource.
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