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Abstract Heart transplantation remains the gold standard
treatment for patients with end-stage heart failure. In the
USA, the number of available donors has remained stable
despite the steadily increasing need for organs. Optimal donor
selection and management are critical to deriving the greatest
benefit from this limited resource. Methods to expand the
donor pool without compromising long-term outcomes for
heart recipients are needed.
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Introduction

The recent advancements in surgical technique, immunosup-
pressive therapy, and myocardial protection have established
cardiac transplantation as the ultimate treatment strategy for
end-stage heart failure. The dramatic increase in the number of
procedures performed during the late 1980s and early 1990s,

despite persistent mismatch in the donor/recipient numbers,
has been attributed to donor pool expansion to include older
donors and donors from remote areas, resulting in longer is-
chemic times [1]. Despite these factors and the increasing age
of recipients, cardiac transplantation is nowadays performed
with relatively low morbidity and mortality; according to
UNOS database, the 1-year survival at high-volume centers
approaches 95 % [2]. Still, there remains a donor shortage and
there is resurgence in interest in methods to increase access.
Optimal donor selection and management are essential in im-
proving conversion of organs and providing the recipient the
best opportunity of a good outcome. Frequently, practice has
been dictated by prior experience and prevailing myths regard-
ing what constitutes an optimal donor. Herein, we review the
available data for optimal donor selection and management.

Donor Assessment and Evaluation

General

In general, deceased cardiac donors are declared dead by neu-
rologic criteria (DNC), previously termed brain dead. Once
potential heart donors are identified and the donor has been
declared brain dead, thorough assessment of donor character-
istics and comorbidities as well as heart function must be
performed in a timely manner. Evaluation of cardiac function
includes serum cardiac enzyme markers (creatinine
phosphokinase-MB fraction and troponin), 12-lead electrocar-
diogram, echocardiogram, and coronary angiogram when in-
dicated [3]. Although serum troponin levels are commonly
measured, the association with recipient outcomes has
remained unclear. Troponin is commonly used as a marker
to evaluate for graft dysfunction, but mildly elevated levels
should not limit donor acceptability when found in
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conjunction with normal graft function and normal coronary
anatomy [4]. A complete transthoracic echocardiogram
should be performed for evaluation of graft function.
Important parameters include global ventricular function, wall
motion, left ventricular wall thickness, valvular disease, and
septal defects [5]. Left ventricular wall thickness greater than
1.4 cm has been shown to be associated with increased recip-
ient death [6]. Coronary angiogram is typically recommended
in male donors >40 years old and in female donors >45 years
old. Pre-existing coronary artery disease may be associated
with a higher incidence of progression and development of
angiographic allograft coronary artery disease after transplan-
tation, although this does not appear to affect survival [7, 8].

Donor Age

Acceptable donor age is becoming an increasingly debated
topic. Early in the transplant experience, the upper age limit
of donor age was 35 years. According to the International
Society Heart and Lung Transplantation (ISHLT) Registry,
the mean age of heart donors rose from 23 years in 1985 to
35 years from 2006 to 2013 [9]. In general, it is widely ac-
cepted that increased donor age is associated with poor recip-
ient outcome. According to Del Rizzo and colleagues, donor
age above 50 and ischemic time over 4 h are associated with
increased 1- and 2-year mortality. The effect of increasing
donor age is quite dramatic at 1- and 2-year marks, reducing
the survival to 50.0 % among those who have received an
organ from a donor older than 50 years. Additionally, if the
ischemic time was beyond 240 min, the 1-year actuarial sur-
vival fell to 16.7 % [10]. A more recent analysis of the UNOS
registry, examining the interaction of donor age with ischemic
time, and their effect on survival, confirms these early find-
ings. Specifically, among the two older age groups (20–33 and
>33 years), a statistically significant difference was observed
between ischemic time and mortality, suggesting greater tol-
erance for prolonged ischemic times among younger donors.
Increased number and duration of comorbidities are often seen
in older donors. Furthermore, changes in coronary endothe-
lial function occur as early as age 35, suggesting a theoret-
ical risk of graft dysfunction after this age. Nevertheless,
there is a growing experience with older donors, particu-
larly in Europe. Use of heart donors 50 years and older
appears to be safe but associated with higher incidence of
cardiac allograft vasculopathy [11, 12]. Transplant of older
donor hearts into older recipients is associated with in-
creased risk of mortality at 5 years as well [13]; however,
the risk associated with no transplant was greater than that
associated with transplant with an older donor [14]. Thus,
in evaluating the risk of accepting an older donor, factors
such as ischemic time and the risk of the recipient must be
taken into account.

Donor Sex

Donor-recipient sex mismatch has been associated with poor
outcomes. Prendergast and colleagues demonstrated that sex
mismatch was associated with a higher number of rejection
episodes and reduced survival in the first year after transplan-
tation [15]. There have been several studies that have identi-
fied female donor sex as an independent predictor of mortality
[16–20]. On closer evaluation, it appears that the greatest neg-
ative impact on survival is for male recipients of female do-
nors [15, 21] and men who received organs from male donors
have the highest cumulative survival at 5 years [22]. Khush
and colleagues found that female donor to male recipient
transplant was associated with a 10 % increased risk of mor-
tality and reduced graft survival compared to male donor to
male recipient; however, in this analysis of ISHLT Registry
data, female donor to female recipient conferred a 10 % sur-
vival advantage [22]. There was no significant difference in
acute rejection or cardiac allograft vasculopathy when sex-
matched and sex-mismatched orthotopic heart transplantation
(OHT) recipients were compared. In a single-center study,
donor gender had no effect on survival in women or men
<45 years old; however, female donors conferred a higher risk
of mortality in men ≥45 years old [21]. The mechanism un-
derlying disparate outcomes with gender mismatch is unclear
and may be related to cardiac size mismatch despite matched
weight [23]. Evidence to support non-use of a donor heart for
gender mismatch is less than compelling, and therefore, sex
mismatch should not be perceived as a strong indication for
decline.

Donor Size

Weight within 20–30% or a donor-to-recipient weight ratio of
0.8–1.2 is generally considered acceptable for matching. In
the 2007 International Society of Heart and Lung
Transplantation annual report, Taylor and colleagues found
that decreasing donor-to-recipient body mass index ratio was
a significant predictor for 5-year mortality [24]. Patel and col-
leagues evaluated the United Network for Organ Sharing/
Organ Procurement and Transplantation Network Registry
from 1999 to 2007 and found that the 30-day mortality was
highest for those with a weight ratio <0.8 but this finding was
not statistically significant. They also evaluated recipients
with a pulmonary vascular resistance >4 Woods units and
showed a trend towards decreased survival in recipients with
low weight ratio [25]. However, there is growing evidence
that donor weight may not be the best discriminator of risk
after transplant. Reed and colleagues demonstrated that when
using weight-based matching, there did not appear to be a
difference in survival between underweight, overweight, and
best-matched donors. However, when predicted left ventricu-
lar (LV) mass was used, a mismatch >10–15 % below the
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recipient predicted LV mass was associated with reduced sur-
vival [23].

Some centers have advocated for using oversized hearts to
manage elevated pulmonary arterial pressures in the recipients
[26]. More recent studies have not shown similar short-term
and long-term mortality from both undersized and oversized
donors in recipients with mild to moderate pulmonary arterial
hypertension [27].

Ischemia Time

In general, a cold ischemic time <240 min is considered opti-
mal, although the impact of increased ischemic times on out-
comes has been unclear [28]. When the impact of donor age
on ischemic time was evaluated, there was no association
between prolonged ischemic time and survival for donors
<20 years old. On the contrary, survival was decreased in
the 20–33-year-old and in the ≥34-year-old terciles with
prolonged ischemic times of 3.5–6.24 and 3.5–5.49 h, respec-
tively, and with extended ischemic times of ≥6.25 and ≥5.5 h,
respectively [2]. Based on these data, ischemic times appear to
have the greatest impact among older donors.

Reasons for Non-use of Hearts

Decreased donor availability remains a difficult reality for
patients requiring heart transplantation. In order to increase
the donor pool, there has been significant research to help risk
stratify potential donors that may have been discarded in the
past. Cardiac allograft use decreased from 56 % in 2002 to
37 % use in 2007 [29]. Risk factors for non-use of donor
organs include donor age ≥45–50 years, female sex, cerebro-
vascular accident (CVA), hypertension, diabetes mellitus, his-
tory of cocaine or methamphetamine use, high-inotrope re-
quirement, elevated troponin I, left ventricular ejection frac-
tion <50 %, cardiac arrest, hypernatremia, coronary artery
disease, left ventricular regional wall motion abnormalities,
and left ventricular hypertrophy (septal or posterior wall thick-
ness >1.1 cm) [29, 30]. Requirement for vasoactive therapy,
positive donor cytomegalovirus, longer graft ischemic time,
and lower donor body weight are additional reasons for de-
clining organs [19]. Although these are common reasons that
donor hearts are declined, they do not necessarily constitute
risk factors for outcomes. Although Smits and colleagues
found 12 risk factors for non-use, only ventricular hypertro-
phy ≥13 mm and age constituted risk factors for 3-year mor-
tality [30]. To better understand reasons for declined organs,
Khush and colleges evaluated 1872 potential organ donors in
the California Transplant Donor Network (CTDN). Of the
total number of potential organ donors, 808 (43 %) of the
donors were accepted for heart transplantation. Donors that
were not accepted for transplant were more likely to be older,
were female, and had CVA/stroke as a cause of death. These

donors also had a higher incidence of smoking, hypertension,
diabetes mellitus, coronary artery disease, as well as a positive
troponin assay. Using a multivariable model, the most impor-
tant predictors for allograft use were donor age, cause of
death, left ventricular ejection fraction, and history of hyper-
tension. There was no significant difference in the overall
survival for recipients of allografts with these risk factors at
1 year after transplant. Diabetes mellitus was the only donor
predictor of increased recipient mortality [29].

Preventing Transmission of Infections

Donors are routinely screened for the presence and risk of
infection. Donor screening for infection includes a medical
and social history, serologic testing, blood and urine cultures,
and chest X-ray (Table 1). The Organ Procurement and
Transplantation Network (OPTN) policy requires donor
screening for HIV, hepatitis B, hepatitis C, syphilis, cytomeg-
alovirus, and Epstein-Barr virus. In the past, HTLV-1/2 testing
was required but has been eliminated. The transmission of
HIV, HBV, and HCV remains a concern despite the low risk.
Donors may be deemed high risk for transmitting infectious
disease based on epidemiology, behavior, and exposure [2].
Informed consent must be obtained and documented if a re-
cipient accepts a donor at high risk of transmissible disease.

Donor Risk Scores

Donor risk scores are used as a tool to assess both donor organ
acceptance as well as short-term mortality. Using the
Eurotransplant Registry, Smits and colleagues created a heart
transplant donor score using over 20 donor risk factors. Using
a multivariate logistic regression model, they were able to
assess the effects of donor factors on the discard rate. The
heart donor score was significantly associated with acceptance
of the donor organ as well as 3-year survival [30]. Weiss and
colleagues developed a quantitative donor risk index using a
15-point scoring system that used four variables: ischemic
time, donor age, race mismatching, and blood urea nitrogen/
creatinine ratio. Using this scoring system, each 1-point in-
crease was associated with a 9–13 % increase risk of 1-year
death [31]. Other risk prediction models such as IMPACT
have more focus on recipient risk factors to develop a risk
score. The 50-point scoring system was associated with in-
creased odds of 1-year mortality [32] as well as 30-day and
5-year mortality on a follow-up validation study [33].

Primary graft failure (PGF) remains one of the most com-
mon reasons for death within 30 days after orthotopic heart
transplantation (OHT) [34]. Segovia and colleagues retrospec-
tively reviewed a series of 621 heart transplants done at a
single-center hospital in years between 1984 and 2006. PGF
occurred in 56 out of 621 heart transplants. Using a multivar-
iate analysis, six independent predictors were identified: Right
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atrial pressure ≥10 mmHg, recipient Age ≥60 years, Diabetes
mellitus, Inotrope dependence, donor Age ≥30 years, and
Length of ischemic time ≥240 min. Based on these results, a
risk calculator, RADIAL, was developed. One point is
assigned per risk for a total of 6. Increasing RADIAL score
was associated with significantly increased risk of PGF; a
score of 4–6 was associated with >5-fold increase in risk of
PGF (OR=5.33, p=0.01) [35].

Donor Management

General

Optimal cardiac donor management is a critical compo-
nent to ensuring good graft function and the function of
other organs. Brain death is associated with catecholamine
surge and inflammatory activation [36]. This sympathetic
storm results in intense peripheral vasoconstriction, coro-
nary vasoconstriction, and hypertension. Cardiac dysfunc-
tion may ensue, and contraction band necrosis is a com-
mon pathologic finding [37, 38]. An echo obtained within
the first 6 h may show depressed cardiac function; how-
ever, since ejection fraction may improve after resuscita-
tion, it may be better to avoid early echocardiograms in
favor of waiting 6–12 h until physiologic derangements
and electrolyte abnormalities have been corrected. An
ejection fraction of 50 % or greater is typically considered
acceptable.

If there is loss of spontaneous circulation or CPR, is-
chemia time becomes a major concern. In this setting,
vasoactives may be required to support circulation but
they can negatively impact cardiac function and trans-
plantability of the organ. Because of the physiologic de-
rangements associated with brain death, circulatory sup-
port, restoration of organ perfusion, and correction of
electrolyte abnormalities constitute early management.
Donor management is typically performed in an intensive
care setting, although specialized centers for managing

donors have become more common. Central venous and
arterial line placement and hemodynamic monitoring are
recommended. In 2006, the Canadian Council for
Donation and Transplantation (CCDT) published recom-
mendations for donor management goals (DMGs) [39]
(Table 1). Achieving optimal donor management goals
has been demonstrated to increase the yield of organs
per donor and transplants per donor [40]. Additional stud-
ies have shown an increased number of organs
transplanted per donor when achieving greater than or
equal to seven DMGs [40, 41].

Donors may have low levels of triiodothyronine (T3)
and thyroxin (T4). As a result, thyroid hormone adminis-
tration is frequently a component of aggressive manage-
ment protocols in order to stabilize hemodynamics and to
facilitate weaning of inotropes, although this practice is
debated. In general, randomized trials have not demon-
strated benefit with thyroid hormone alone or in combina-
tion with other hormone replacements while retrospective
studies reported a beneficial effect [42]. Thyroid hormone
does not appear to have any benefit on donor cardiac index
or vasoactive drug requirement. Posterior pituitary func-
tion is also commonly affected leading to diabetes
insipidus and associated fluid and electrolyte shifts.
Additional hormone replacement may include corticoste-
roid and vasopressin [43–46].

Perioperative and Surgical Considerations

Primary allograft failure leads to catastrophic conse-
quences and is among the leading causes of in-hospital
mortality after cardiac transplantation; therefore, optimal
myocardial protection plays a pivotal role in the success
of the surgical procedure. While ex vivo perfusion systems
may hold a promising role in the future, particularly within
the donation after cardiocirculatory death donor popula-
tion, the optimal technique of preserving myocardial via-
bility and decreasing ischemia/reperfusion injury has not
been established. Current organ preservation strategies are
based on hypothermia in conjunction with a preservation
solution, generally classified on the basis of sodium con-
centration as either extracellular or intracellular. The best
solution for preservation of the donor heart has been a
subject of debate and controversy, leading to a lack of
standardization among transplant centers around the globe.
A recent survey of the transplant centers in the USA re-
vealed that at least 167 different solutions are utilized [47].
It appears that intracellular solutions (sodium content
<70 mEq/L) are associated with a reduced risk of in-
hospital death. Cannata and colleagues studied the effect
of three different myocardial preservation solutions (HTK-
Custodiol, Celsior, and St. Thomas) on intraoperative graft
failure and in-hospital mortality. They observed no

Table 1 CCDT-recommended donor management goals

Mean arterial pressure 60–100 mmHg

Central venous pressure 4–10 mmHg

Left ventricular ejection fraction >50 %

Pressor Low dose

Arterial blood gas pH 7.3–7.45

PAO2:FIO2 >300 (on PEEP=5 cm H2O)

Serum sodium 135–160 mEq/L

Blood glucose <150 mg/dL

Hemoglobin >10 mg/dL

Urine output 1–3 mL/kg/h
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significant effect of the kinds of cardioplegic solution but
did note that the recipient and donor age above 60 years
and previous cardiac surgery were independent risk factors
for in-hospital mortality, with odds ratios of 27.9 and 13.0,
respectively [48]. Among the newer preservation solutions,
Celsior® is perhaps emerging as the solution of choice.
Compared to HTK and University of Wisconsin solutions,
Celsior may be associated with better post-transplant heart
recovery and lower rates of graft failure [49, 50]. Stahel
et al. examined the benefits of an additional dose of
cardioplegia dispensed immediately before implantation
and found that it may benefit the organs suffering from
longer ischemic times and improve early and late outcomes
following transplantation [51].

Intraoperative blood loss secondary to coagulopathy
and surgical bleeding has been associated with increased
use of blood products, consequently leading to adverse
outcomes following cardiac surgical procedures in general.
An increasing proportion of heart transplant recipients in
the USA are supported with ventricular assist devices and
are receiving anticoagulation. Some require re-do
sternotomy and extensive mediastinal dissection, leading
to increased blood loss and utilization of blood products.
Awad and colleagues investigated the effect of prior
sternotomy on the postoperative mortality and morbidity
after heart transplantation. While they demonstrated no
difference in 60-day mortality, the 1-year survival was
higher in the primary sternotomy group. The patients with
prior operation had longer cardiopulmonary bypass times
and ICU and hospital stays and required more blood prod-
ucts. The subgroup of patients with prior VAD implanta-
t ion had lower 60-day and 1-year survival [52].
Historically, anticoagulation with warfarin has been
discontinued or rapidly reversed immediately prior to
transplantation. A recent retrospective data analysis by
Morris et al. found no correlation between preoperative
or postoperative international normalized ratio (INR) and
chest tube output. They also noted no correlation between
the preoperative INR and the perioperative use of fresh
frozen plasma, suggesting that preoperative warfarin may
be safely continued in patients awaiting transplantation
[53].

The Future of Donor Selection and Management

Donor Selection

Evidence-based donor selection remains a challenge. The
Donor Heart Study, an NIH-funded trial, is investigating
evidence-based evaluation and acceptance of donor
hearts. The goals of this study are to collect systematic
data on cardiac function and real-time data on reasons for

donor non-acceptance and to develop clinical tools for
decision-making.

Ex Vivo Perfusion

The major limitations to increasing the donor pool are dis-
tance and the subsequent risk of prolonged ischemic time.
The transportable Organ Care System (TranMedics;
Andover, MA, USA) is a clinical ex vivo heart perfusion
platform that can maintain the donor heart in a warm, beat-
ing, near-physiological state for transplantation. The Organ
Care System is the only clinical platform for ex vivo per-
fusion of donor hearts. The results of the PROCEED II
study, which randomized 130 patients to the Organ Care
system, were recently published and demonstrated non-
inferiority of the Organ Care System when compared to
standard cold storage on short-term clinical outcomes
[54]. Additional studies are needed to determine the best
application of ex vivo perfusion. This technology may de-
crease the consequences of ischemic time and allow pro-
curement of organs remote to the transplant site in the
future [54].

Donation After Circulatory Death

Donation after circulatory death (DCD) was the method used
on the first heart transplant in 1967 by Christiaan Barnard
[55]. Since that time, the definition of brain death has been
introduced, leading to the more common method of donation
after brain death (DBD) transplantation. Recently, there has
been increasing interest in DCD as a method to increase donor
organ availability [56]. Previous studies have shown similar
outcomes at 1 year for DCD kidney [57] and lung [58] trans-
plants when compared to transplants donated after brain death.
Factors that complicate DCD transplantation in heart trans-
plantation include the inability to assess cardiac function and
the risk of warm ischemic insult [59]. Recently, a case series
was published of three DCD heart transplantations. Four
hearts were retrieved and transferred to an Organ Care
System for preservation, resuscitation, and transportation;
three of the hearts were transplanted. Two of the recipients
required temporary mechanical circulatory support, but all
three had normal cardiac function within 1 week. Clearly,
additional evaluation of DCD in heart transplant is required;
however, this may represent an additional way to expand the
donor pool in the future.

Conclusion

Donor selection and management are the initial determinants
of outcomes after heart transplant. Systematic evaluation of
risk factors and standardized donor management will provide
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the basis for optimal use of donor hearts. Evidence-based do-
nor selection and management are needed and may serve to
broaden the donor pool.
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